
COVER
TOP: Saggital (left) and coronal (right) T2-weighted MR im-
ages obtained before treatment show two major fibroids (F1
and F2). The combination of the two fibroids caused an
S-shaped configuration of the endometrial cavity (EC). BOT-
TOM: One year after treatment with MRI-guided focused
ultrasound surgery, the T2-weighted images demonstrate
that both F1 and F2 have decreased in size, although F1
decreased more. Most remarkable is the repositioning of the
endometrial cavity, because of the shrinkage of F1 (see page
497.e6).

MODERN TRENDS

255 Uterine myomas: management
W. H. Parker
Santa Monica, California
Many management options are now available for
women with uterine myomas. Watchful waiting, medi-
cal therapy, surgical therapy, uterine artery emboliza-
tion, uterine artery occlusion, and focused ultrasound
are reviewed.

EDITOR’S CORNER
272 New Hampshire House Bill 1719-FN. “An act

defining human life as beginning at the moment
of fertilization for the purposes of prenatal,
pregnancy, and maternity services and programs”
P. D. Manganiello
Lebanon, New Hampshire
We live in a pluralistic society and need to acknowledge
the uncertainty surrounding certain moral questions.
From the perspective of our Constitution’s defense of
religious freedom, [“. . . make no laws respecting an
establishment of religion, or prohibiting the free exer-
cise thereof . . .”], we should avoid making any official
public statement mandating when human life begins.

CONTROVERSY
275 Assisted reproductive technology practice patterns

and the impact of embryo transfer guidelines in
the United States
J. E. Stern, M. Cedars, T. Jain, N. A. Klein,
C. M. Beaird, D. A. Grainger, and W. E. Gibbons
Lebanon, New Hampshire; San Francisco, California;
Chicago, Illinois; Seattle, Washington; New York, New
York; Wichita, Kansas; and Baton Rouge, Louisiana
Reductions in the numbers of embryos transferred
and the rate of high-order multiple pregnancies be-
tween 1996 and 2003 are linked to implementation of
Society for Assisted Reproductive Technology–
American Society for Reproductive Medicine embryo
transfer guidelines.

CONTROVERSY RESPONSES
283 Contemporary risks of maternal morbidity and

adverse outcomes with increasing maternal age
and plurality
B. Luke and M. B. Brown
Miami, Florida; and Ann Arbor, Michigan
Older maternal age and higher plurality are each
associated with increasing risks for many pregnancy
complications, but with significantly lower risks of
tocolysis, early preterm birth, and infant mortality.

294 Programmatic implementation of blastocyst
transfer in a university-based in vitro fertilization
clinic: maximizing pregnancy rates and
minimizing triplet rates
J. A. Grifo, E. Flisser, A. Adler, C. McCaffrey,
L. C. Krey, F. Licciardi, N. Noyes, L. M. Kump, and
A. S. Berkeley
New York, New York; and Cork, Ireland
Because of the significant medical, social, and eco-
nomic consequences of high-order multiple preg-
nancies, techniques are needed to minimize their
occurrence. Extended culture minimizes the inci-
dence of these complicated pregnancies without
jeopardizing the remarkable success of in vitro fertil-
ization.
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301 Continuous quality improvement and assisted
reproductive technology multiple gestations: some
progress, some answers, more questions
W. Gibbons, D. Grainger, M. Cedars, T. Jain,
N. Klein, and J. Stern,
Birmingham, Alabama
Progress has been made in reducing the higher order
multiple rates in U.S. assisted reproductive technol-
ogy programs through adherence to voluntary em-
bryo transfer guidelines. Where do we go from here
and how?

ASRM ETHICS COMMITTEE REPORT
305 Financial compensation of oocyte donors

The Ethics Committee of the American Society for
Reproductive Medicine
Birmingham, Alabama
This statement examines the arguments for and
against financial compensation of women donating
oocytes for infertility therapy or for research, and
concludes that the practice is justified on ethical
grounds.

CONTRACEPTION
310 A prospective study of oral contraceptive use and

risk of myocardial infarction among Swedish
women
K. L. Margolis, H.-O. Adami, J. Luo, W. Ye, and
E. Weiderpass
Minneapolis, Minnesota; Stockholm, Sweden; and
Oslo, Norway
Use of oral contraceptives was not associated with
an increased risk of myocardial infarction in this pro-
spective cohort study begun in 1991 with an average
of 11 years of follow-up.

ENDOMETRIOSIS
317 Combination of 17�-estradiol with the

environmental pollutant TCDD is involved in
pathogenesis of endometriosis via up-regulating
the chemokine I-309–CCR8
Y.-L. Shi, X.-Z. Luo, X.-Y. Zhu, and D.-J. Li
Shanghai, Nanjing, and Haikou, China
Combination of estradiol with 2,3,7,8-tetrachlorod-
ibenzo-p-dioxin up-regulated CCR8 in the endo-
metriotic focus-associated cells, and its ligand,
I-309, which induces the integrin �1 and adhesion of
endometrial stromal cells to peritoneum and recruits
monocytes to the endometriotic lesions, leading to
formation of endometriosis.

GENETICS
326 Raloxifene increases proliferation of human

endothelial cells in association with increased
gene expression of cyclins A and B1
P. J. Oviedo, C. Hermenegildo, J. J. Tarı́n, and
A. Cano
Valencia, Spain
Therapeutic dosages of raloxifene increased the pro-
liferation of human umbilical-vein endothelial cells in
a magnitude similar to that with the use of E2. This
effect was associated with increased expression of
cyclins A and B1.

IN VITRO FERTILIZATION
333 Among women undergoing embryo transfer, is the

probability of pregnancy and live birth improved
with ultrasound guidance over clinical touch
alone? A systemic review and meta-analysis of
prospective randomized trials
A. M. Abou-Setta, R. T. Mansour, H. G. Al-Inany,
M. M. Aboulghar, M. A. Aboulghar, and G. I. Serour
Cairo, Egypt
Meta-analysis of 20 studies (5,968 randomized
women) demonstrated significantly increased
chances of live birth, ongoing pregnancy, clinical
pregnancy, embryo implantation, and easy transfers
after use of ultrasound guidance compared with clin-
ical touch alone.

342 Improvements achieved in an oocyte donation
program over a 10-year period: sequential
increase in implantation and pregnancy rates and
decrease in high-order multiple pregnancies
E. Budak, N. Garrido, S. R. Soares, M. A. B. Melo,
M. Meseguer, A. Pellicer, and J. Remohı́
Valencia, Spain
Significant improvements in outcome parameters
were achieved in oocyte donation cycles over a 10-
year period. Similar cumulative pregnancy rates were
observed regardless of recipient age, indication for
oocyte donation, or sperm origin.

350 Comparison of FSH flare with and without
pretreatment with oral contraceptive pills in poor
responders undergoing in vitro fertilization
M. D. Keltz, P. S. Gera, J. Skorupski, and
D. E. Stein
New York, New York
Pre-treatment with oral contraceptive pills in a GnRH
agonist flare protocol suppresses pre-lupron FSH
but does not blunt FSH flare. It blunts LH flare and
may reduce an early rise in follicular androgens.



354 A mandatory single blastocyst transfer policy with
educational campaign in a United States IVF
program reduces multiple gestation rates without
sacrificing pregnancy rates
G. L. Ryan, A. E. T. Sparks, C. S. Sipe, C. H. Syrop,
A. Dokras, and B. J. Van Voorhis
Iowa City, Iowa
Education improves patient knowledge about twins
and affects decision making. A mandatory single
blastocyst transfer policy for high-risk couples re-
duces multiple gestations while allowing pregnancy
rates to be maintained.

361 Empowering patients undergoing in vitro
fertilization by providing Internet access to
medical data
W. S. Tuil, C. M. Verhaak, D. D. M. Bratt,
P. F. de Vries Robbé, and J. A. M. Kremer
Nijmegen, The Netherlands
A study into the psychosocial effects of an Internet-
based personal health record. We found no clinical
effects on patient empowerment but did not uncover
any significant adverse effects either.

MALE FACTOR
369 Cardiovascular evaluation of young patients with

varicocele
S. Kılıç, Y. Aksoy, İ. Sincer, F. Oğuz, N. Erdil, and
E. Yetkin
Malatya, Turkey
The present study demonstrates that varicocele is
not associated with cardiovascular risk factors and
demographic parameters. However, the presence of
peripheral varicose veins is positively associated,
suggesting a possible common pathologic step.

374 Azoospermia: is sample centrifugation indicated?
A national survey of practice and the Oxford
experience
A. Swanton A. Itani, E. McVeigh, and T. Child
Oxford, United Kingdom
Extended sperm preparation (ESP) identifies viable
sperm in 22% of men with apparent azoospermia on
general testing. Serum FSH levels are predictive of
finding sperm with surgical sperm retrieval but not
ESP.

379 Expression of various CDC25B isoforms in human
spermatozoa
Y.-N. Teng, C.-L. Chung, Y.-M. Lin, H.-A. Pan,
R.-W. Liao, and P.-L. Kuo
Tainan, Taiwan
Expression of CDC25B is analyzed in human sper-
matozoa.

MENOPAUSE
383 Effects on serum lipid and leptin levels of three

different doses of norethisterone continuously
combined with a fixed dose of 17�-estradiol for
nasal administration in postmenopausal women: a
controlled, double-blind study
C. Castelo-Branco, S. Palacios, F. Vázquez,
J. Villero, J. Ferrer, C. Ascaso, and J. Balasch
Barcelona, Madrid, Lugo, Córdoba, and Asturias,
Spain
Body mass index is a strong determinant of serum
leptin levels in healthy postmenopausal women.
Postmenopausal hormone therapy, regardless of
route, increases serum leptin.

OVULATION INDUCTION
390 Simple tools for assessment of ovarian reserve

(OR): individual ovarian dimensions are reliable
predictors of OR
S. Bowen, J. Norian, N. Santoro, and L. Pal
Bronx, New York
Aging and declining ovarian reserve preferentially af-
fect ovarian width.

396 Role of treatment with ovarian stimulation and
intrauterine insemination in women with
unilateral tubal occlusion diagnosed by
hysterosalpingography
J. Farhi, A. Ben-Haroush, Y. Lande, and B. Fisch
Tel Aviv, Israel
Unilateral proximal tubal occlusion may be be treated
with ovulation induction and intrauterine insemina-
tion. However, unilateral mid-distal or distal tubal
occlusion should be managed by laparoscopic as-
sessment or in vitro fertilization.

POLYCYSTIC OVARY SYNDROME
401 Increased plasma visfatin concentrations in

women with polycystic ovary syndrome
T.-F. Chan, Y.-L. Chen, H.-H. Chen, C.-H. Lee,
S.-B. Jong, and E.-M. Tsai
Kaohsiung,Taiwan
Increased concentrations of plasma visfatin were
found in subjects with polycystic ovary syndrome
(PCOS). The etiology and effects of hypervisfatine-
mia in women with PCOS need to be clarified by
further studies.



406 N-acetyl cysteine vs. metformin in treatment of
clomiphene citrate–resistant polycystic ovary
syndrome: a prospective randomized controlled
study
A. Elnashar, M. Fahmy, A. Mansour, and K. Ibrahim
Benha, Egypt
Metformin alone is an effective drug in inducing ovula-
tion in clomiphene citrate–resistant polycystic ovary
syndrome, whereas N-acetyl cysteine alone is not.

410 Association of the GAA1013¡GAG polymorphism
of the insulin-like growth factor-1 receptor
(IGF1R) gene with premature pubarche
M. B. Roldan, C. White, and S. F. Witchel
Pittsburgh, Pennsylvania
The frequency of the G allele of the IGR1R gene was
greater among children with premature pubarche;
this allele has been associated with higher insulin-like
growth factor-1 concentrations.

418 Association of increased total antioxidant capacity
and anovulation in nonobese infertile patients
with clomiphene citrate–resistant polycystic ovary
syndrome
F. F. Verit, O. Erel, and A. Kocyigit
Sanliurfa, Turkey
Total antioxidant capacity could predict the response
to ovulation induction with clomiphene citrate as well
as other endocrine and sonographic characteristics
in nonobese oligomenorrheic infertile women with
polycystic ovary syndrome.

REPRODUCTIVE ENDOCRINOLOGY
425 External validation of a prediction model for an

ongoing pregnancy after intrauterine insemination
I. M. Custers, P. Steures, J. W. van der Steeg,
T. J. H. M. van Dessel, R. E. Bernardus,
P. Bourdrez, C. A. M. Koks, W. J. Riedijk,
J. M. Burggraaff, F. van der Veen, and B. W. J. Mol
Amsterdam, Tilburg, Blaricum, Venlo/Venray,
Veldhoven, Zaandam, and Emmen, the Netherlands
After external validation of a prediction model for
intrauterine insemination (IUI), the model proved to
be able to distinguish between patients with a good
and patients with a poor prognosis for an ongoing
pregnancy after IUI.

432 Endometrial thickness and pregnancy outcome
after intrauterine insemination
S. Esmailzadeh and M. Faramarzi
Mazanderan, Babol, Iran
Intrauterine insemination (IUI) cycles, endometrial
thickness on the day of hCG administration, and total
motile sperm were positively associated with preg-
nancy outcome, and the woman’s age of LH serum
were negatively associated with pregnancy outcome.

438 Gestational hypertension in pregnancies
supported by infertility treatments: role of
infertility, treatments, and multiple gestations
S. Hernández-Dı́az, M. M. Werler, and A. A. Mitchell
Boston, Massachusetts
The higher incidence of gestational hypertension and
preeclampsia in pregnancies resulting from infertility
treatments is largely explained by the higher fre-
quency of multiple gestations.

446 Obesity and poor reproductive outcome: the
potential role of the endometrium
J. Bellver, M. A. B. Melo, E. Bosch, V. Serra,
J. Romohí, and A. Pellicer
Valencia, Spain
Excess weight exerts a detrimental effect on female
reproduction.

REPRODUCTIVE BIOLOGY
452 Effect of tamoxifen treatment on the semen

quality and fertility of the male rat
R. D. Motrich, A. A. Ponce, and V. E. Rivero
Córdoba, Argentina
Tamoxifen impaired sperm concentration and motil-
ity in semen, a finding that was also corroborated in
epididymal sperm. Treated animals showed an al-
tered capability of siring when mated with normal
females.

462 Toward gene therapy of endometriosis:
adenovirus-mediated delivery of dominant
negative estrogen receptor genes inhibits cell
proliferation, reduces cytokine production, and
induces apoptosis of endometriotic cells
E.-E. R. Othman, S. Salama, N. Ismail, and
A. Al-Hendy
Assiut, Egypt; and Galveston, Texas
Dominant negative E receptor genes delivered to
endometriosis cells via adenovirus vectors reduce
cellular proliferation and cytokine production and in-
duce apoptosis of those cells. Gene therapy could
represent a future therapeutic option for endometri-
osis.

472 Effect of implanted Cu/low-density polyethylene
nanocomposite on the morphology of
endometrium in the mouse
X. Xia, C. Xie, C. Zhu, S. Cai, and X. Yang
Wuhan, China
The endometrium injury of the mouse caused by
Cu/low-density polyethylene nanocomposite is
much less than that caused by bulk copper, and the
contraceptive effect of the Cu/LDPE nanocomposite
is comparable with that of bulk copper.



REPRODUCTIVE SURGERY
479 Clinical outcome of cystectomy compared with

unilateral salpingo-oophorectomy as fertility-
sparing treatment of borderline ovarian tumors
Y. Yinon, M. E. Beiner, W. H. Gotlieb, Y. Korach,
T. Perri, and G. Ben-Baruch
Tel-Hashomer, Israel
Cystectomy, like oophorectomy, appears to be an
adequate treatment for borderline ovarian tumors,
provided that the patient is willing to undergo careful
and prolonged follow-up.

TECHNIQUES AND INSTRUMENTATION
485 Evaluation of the embryo transfer protocol by a

laboratory model of the uterus
O. Eytan, D. Elad, and A. J. Jaffa
Tel Aviv, Israel
Patterns of transferred matter dispersion during em-
bryo transfer within a uterine model as a function of
injection speed, catheter placement, and uterine po-
sition favor individualizing transfer techniques to
uterine anatomy.

494 Miniature hygrometric hot flash recorder
R. R. Freedman and S. Wasson
Detroit, Michigan
We have invented a miniature hot flash recorder that
uses neither electrodes nor gel and will run for 31
days on a single small battery.

CASE REPORT SUMMARIES
497 Initial experience with a donor egg bank

J. W. Akin, K. A. Bell, D. Thomas, and J. Boldt
Lexington, Kentucky; Phoenix, Arizona; and
Indianapolis, Indiana
We describe four patients who underwent donor in
vitro fertilization using donor eggs from a commercial
egg bank. There was a thawed egg survival of 76%,
a fertilization rate of 74%, and a pregnancy rate of
50%.

497 Focused ultrasound surgery of intramural
leiomyomas may facilitate fertility: a case report
M. M. F. Hanstede, C. M. C. Tempany, and E. A.
Stewart
Boston, Massachusetts
Distortion of the endometrial cavity by leiomyomas
can impair fertility. We report on a successful term
delivery following a marked change in the endome-
trial cavity with magnetic resonance imaging-guided
focused ultrasound surgery.

497 Birth after intracytoplasmic sperm injection with
use of testicular sperm from men with Kartagener
or immotile cilia syndrome
M. Kaushal and A. Baxi
Indore (M.P.), India
Even if there is no progressive motility, use of testic-
ular sperm from men with Kartagener’s syndrome
can lead to successful fertilization and birth after
intracytoplasmic sperm injection.

497 Techniques for removal of the Essure
hysteroscopic tubal occlusion device
B. M. Lannon and S.-Y. Lee
Boston, Massachusetts
This case report describes hysteroscopic and lapa-
roscopic techniques for removal of the Essure hys-
teroscopic tubal occlusion device up to 6 weeks after
placement.

497 Struma ovarii coincident with Hashimoto’s
thyroiditis: An unusual cause of hyperthyroidism
K. Morrissey, C. Winkel, S. Hild, A. Premkumar,
and P. Stratton
Bethesda and Rockville, Maryland; and Washington,
D.C.
We describe a patient who developed new clinical
hyperthyroidism coincident with Hashimoto’s thy-
roiditis; a history of struma ovarii facilitated the diag-
nosis of an ovarian tumor, and the ovary was
removed.

CORRESPONDENCE
499 Location of the embryo-transfer catheter guide

before the internal uterine os improves the
outcome of in vitro fertilization
V. G. Abdelmassih, R. M. Neme, D. Dozortsev,
S. Abdelmassih, M. P. Diamond, and
R. Abdelmassih
São Paulo, Brazil; Charleston, West Virginia; and
Detroit, Michigan
Positioning the ET catheter before the internal uterine
os yields a significantly higher implantation rate com-
pared with positioning the catheter guide beyond the
internal os.

504 Prognostic value of human chorionic gonadotropin
changes after methotrexate injection for ectopic
pregnancy
A. Agostini, K. Blanc, I. Ronda, F. Romain,
M. Capelle, and B. Blanc
Marseille, France
A 20% decline in hCG levels between days 1 and 4
after methotrexate treatment of ectopic pregnancy
predicts clinical outcome early, with a positive pre-
dictive value of 97%.



507 A comparison of follicular response of ovaries to
ovulation induction after laparoscopic ovarian
cystectomy or fenestration and coagulation versus
normal ovaries in patients with endometrioma
S. Alborzi, R. Ravanbakhsh, M. E. Parsanezhad,
M. Alborzi, S. Alborzi, and S. Dehbashi
Shiraz, Iran
Postsurgical ovarian response to induction of ovula-
tion was not different in patients with endometrioma
compared with normal ovaries. Results after cystec-
tomy or the fenestration and coagulation technique
were the same.

510 Comparison of two doses of metformin (2.5 and
1.5 g/day) for the treatment of polycystic ovary
syndrome and their effect on body mass index
and waist circumference
R. V. Bruno, M. A. Pinto de Ávila, F. B. Neves, A. E.
Nardi, C. M. S. Crespo, and A. T. C. Sobrinho
Rio de Janeiro, Brazil
In a comparison of 1.5 and 2.5 g/day of metformin for
the treatment of polycystic ovary syndrome, the latter
dose proved more effective in reducing body mass
index and waist circumference.

513 Vascular endothelial growth factor (VEGF) and
ovarian endometriosis: correlation between VEGF
serum levels, VEGF cellular expression, and
pelvic pain
M. Garcı́a-Manero, J. L. Alcazar, and G. Toledo
Pamplona, Spain

Pelvic pain in patients with ovarian endometriosis is
not correlated with VEGF serum levels and VEGF
cellular expression.

516 Serum anti-Müllerian hormone and inhibin B in
disorders of spermatogenesis
S. Muttukrishna, H. Yussoff, M. Naidu, J. Barua,
K. Arambage, H. Suharjono, and M. Sathanandan
London and Essex, United Kingdom
Serum AMH and inhibin B were significantly lower in
men with nonobstructive azoospermia compared to
obstructive azoospermia, suggesting that these mol-
ecules could be markers of nonobstructive
azoospermia.

519 Cardiovascular risk factors are reduced with a low
dose of acarbose in obese patients with polycystic
ovary syndrome
I. A. Penna, P. R. B. Canella, C. S. Vieira, M. F. S.
de Sá, R. M. dos Reis, and R. A. Ferriani
Ribeirão Preto and Rio de Janeiro, Brazil
Acarbose compared with placebo promoted a reduc-
tion in P-selectin levels, blood pressure, body mass
index, very low-density lipoprotein cholesterol, and
tryglyceride levels and an increase in high-density
lipoprotein cholesterol in hyperinsulinemic obese
women with polycystic ovary syndrome.

523 Sperm selection by swim-up in terms of
deoxyribonucleic acid fragmentation as measured
by the sperm chromatin dispersion test is altered
in heavy smokers
T. Viloria, N. Garrido, J. L. Fernández, J. Remohı́,
A. Pellicer, and M. Meseguer
Valencia and Coruña, Spain
Men who smoke cigarettes have higher rates of post
swim-up sperm deoxyribonucleic acid fragmentation
compared with men who do not smoke.

526 Expression of CD9 in frozen–thawed mouse
oocytes: preliminary experience
Y. Wen, R. Quintero, B. Chen, Y. Shu, M. L. Polan,
and B. Behr
Stanford, California
Significantly lower expression levels of both CD9
mRNA and protein are found in mouse oocytes after
slow freezing and rapid thawing.

530 The effect of raloxifene in association with
vitamin D on vaginal maturation index and
urogenital symptoms in postmenopausal
osteoporotic women
H. B. Zeyneloglu, M. Oktem, N. A. Haberal,
I. Esinler, and E. Kuscu
Ankara, Turkey
Although the raloxifene and vitamin D improved the
vaginal maturation index and vaginal pH in post-
menopausal osteoporotic women, they did not have
beneficial effects on the signs and symptoms of uro-
genital atrophy.

LETTERS TO THE EDITOR
533 An important new adaption of a specific drug?

M. Manno, F. Tomei, E. Marchesan, and V. Adamo
Friuli Venezia Giulia, Italy
– Reply: M. Knoepfelmacher



534 Endometriomas—more careful examination in
vivo and communication with the pathologist
I. A. Brosens, P. Puttemans, R. Campo, S. Gordts,
and S. Gordts
Leuven, Belgium
– Reply: L. Muzii, A. Bianchi, F. Bellati, E. Cristi, M.
Pernice, M. A. Zullo, R. Angioli, P. B. Panici

535 Inguinal ovary after controlled ovarian
hyperstimulation—infrequent, infrequently
recognized, or observer variation?
T. Bazi and S. Akel
Beirut, Lebanon

536 Verification bias?
S. K. Kalra, B. Seeber, S. Srinivas, and K. Barnhart
Philadelphia, Pennsylvania

536 Re: Gel instillation sonohysterography: first
experience with a new technique
J. P. Marasinghe and H. M. Senanayake
Colombo, Sri Lanka

BOOK REVIEW
538 Review of Smith’s Recognizable Patterns of

Human Malformation, 6th edition, edited by K.
Lyons Jones
Reviewed by J. L. Simpson

538 Erratum
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MODERN TRENDS
Edward E. Wallach, M.D.
Associate Editor

Uterine myomas: management
William H. Parker, M.D.

Department of Obstetrics and Gynecology, UCLA School of Medicine, Santa Monica, California

Objective: To review the currently available literature regarding the current management alternatives available to
women with uterine myomas.
Design: Literature review of 198 articles pertaining to uterine myomas.
Result(s): Many advances have been made in the management of uterine myomas. Watchful waiting; medical
therapy; hysteroscopic myomectomy; endometrial ablation; laparoscopic myomectomy; abdominal myomectomy;
abdominal, vaginal, and laparoscopic hysterectomy; uterine artery embolization; uterine artery occlusion; and
focused ultrasound are now available.
Conclusion(s): Many options are now available to women with uterine myomas. The presently available literature
regarding the treatment of myomas is summarized. (Fertil Steril� 2007;88:255–71. �2007 by American Society
for Reproductive Medicine.)

Key Words: Uterine myomas, myomas, fibroids, myomectomy, laparoscopic myomectomy, hysteroscopic
myomectomy, endometrial ablation, hysterectomy, uterine artery embolization, focused ultrasound
Twenty-five years ago, this journal published a classic review
of uterine myoma that was authored by Buttram and Reiter
(1). At that time, treatment options were essentially limited
to observation, hysterectomy, or less common, abdominal
myomectomy. Presently, medical therapy, hysteroscopic my-
omectomy, laparoscopic myomectomy, uterine artery embo-
lization (UAE), and focused ultrasound are also available
treatments.

Although myomas are prevalent, myoma research is under-
funded compared with other nonmalignant diseases. Treat-
ment innovation has been slow, perhaps because many
women with myomas are asymptomatic, myomas are benign,
and mortality is very low (2). If offered hysterectomy as
a first, and sometimes only, treatment option, some women
choose to accommodate to their symptoms and stop seeking
treatment. This may lead physicians to underestimate the true
impact of the condition. However, women having hysterecto-
mies because of myoma-related symptoms have significantly
worse scores on SF-36 quality-of-life questionnaires than do
women diagnosed with hypertension, heart disease, chronic
lung disease, or arthritis (3).

An analysis of medical literature published between 1975
and 2000 attempted to answer questions fundamental to
understanding outcomes of myoma treatment (4). The in-
vestigators questioned the risks and benefits of myoma
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treatments for women of different races, ages, ethnicities,
or childbearing concerns; which specific clinical situations
might benefit from the range of now-available treatments;
the risks and benefits of myomectomy and hysterectomy
for treatment of symptomatic and asymptomatic myomas;
the outcomes for women with one vs. multiple myomas after
myomectomy; which women might require additional treat-
ment after myomectomy; whether, after myomectomy, the
potential need for additional therapy increased risks com-
pared with initial treatment with hysterectomy; and finally,
the costs incurred for any of the available treatments. After
an exhaustive review of the literature, scrutiny of 637 rele-
vant articles, and careful study of 200 articles, those investi-
gators found definitive answers to none of these fundamental
questions.

Women and their physicians need information on which to
base decisions regarding possible treatments. Prospective,
randomized studies are difficult to conduct because of
physician training and preferences, patient preferences, and
women’s understandable reluctance to be randomized to
a major surgical procedure. This article will attempt to
summarize the presently available literature regarding the
management of myomas.

WATCHFUL WAITING

There is no evidence that failure to treat myomas results
in harm, except in women who have severe anemia from my-
oma-related menorrhagia or who have hydronephrosis
caused by obstruction of at least one ureter by an enlarged,
Fertility and Sterility� Vol. 88, No. 2, August 2007 255
Society for Reproductive Medicine, Published by Elsevier Inc.
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myomatous uterus. Predicting future myoma growth or onset
of new symptoms is not possible (5). Studies of myoma treat-
ments have found no significant change in uterine size or my-
oma volume over 6–12 months of follow-up in placebo arms
(6, 7). A nonrandomized study of women who had uterine
size of R8 weeks and who chose hysterectomy or watchful
waiting found that 77% of women choosing observation
had no significant changes in the self-reported amount of
bleeding, pain, or degree of bothersome symptoms at the
end of 1 year (8). Furthermore, mental health, general health,
and activity indexes also were unchanged. Of the 106 women
who initially chose watchful waiting, 24 (23%) opted for
hysterectomy during the course of the year.

Therefore, for some women with myomas who are mildly
or moderately symptomatic, watchful waiting may allow sur-
gery to be deferred, perhaps indefinitely. Studies are needed
to determine whether this strategy works for a longer period
of time. Randomized studies of treatment or no treatment also
are needed (4). As women approach menopause, watchful
waiting may be considered, because there is limited time to
develop new symptoms and, after menopause, bleeding stops
and myomas decrease in size (9). Although the degree to
which bulk symptoms resolve after menopause also has not
been studied, the declining incidence of hysterectomy for
myomas after menopause implies that symptoms do decline
considerably (Fig. 1).

MEDICAL THERAPY

Non-Steroidal Anti-Inflammatory Drugs

Nonsteroidal anti-inflammatory drugs have not been shown
to be effective in women with myomas. A placebo-con-
trolled, double-blind study of 25 women with menorrhagia,
11 of whom also had myomas, found a 36% decrease in blood
loss among women with idiopathic menorrhagia but no
decrease in women with myomas. No other studies have
examined this treatment (10).

FIGURE 1

Hysterectomies for fibroids (percentages vs. patient
age in years).
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Gonadotropin-Releasing Hormone

Gonadotropin-releasing hormone agonists (GnRH-a) have
been shown to decrease uterine volume, myoma volume,
and bleeding. However, the benefits of GnRH-a are limited
by side effects and by risks associated with long-term use.
The effects on uterine and myoma volume appear to be the
result of decreased levels of estrogen and progesterone (P)
that are induced by GnRH-a, but other mechanisms, includ-
ing induction of myoma degeneration and hyaline necrosis,
a decrease in the size or number of leiomyoma cells, a reduc-
tion in extracellular matrix, or a decrease in blood flow to the
uterus, may be important.

A study using Doppler sonography to assess uterine blood
flow in seven women after 4 months of GnRH-a found a sig-
nificant reduction in arterial blood flow in both the uterus and
myomas (11). Treatment with GnRH-a leads to decreased
expression of basic fibroblast growth factor, vascular endo-
thelial growth factor, and platelet-derived growth factor,
growth factors that have been implicated in myoma vascular
supply and growth, and to decreased numbers of vessels and
angiogenic vessels (12).

Daily subcutaneous (SC) injections of GnRH-a were found
to decrease uterine size from 13.8 weeks to 9.5 weeks after
8 weeks of treatment (13, 14). Monthly GnRH-a, given for
6 months, reduces myoma volume by 30%, non-myoma vol-
ume by 43%, and total uterine volume by 35% (15). Reduc-
tion in uterine size occurs mostly within the first 3 months of
treatment (6). Other studies confirm these findings (16–18).
Menorrhagia responds well to GnRH-a; 37 of 38 women
had resolution by 6 months (6). After discontinuation of
GnRH-a, menses return in 4–8 weeks, and uterine size returns
to pretreatment levels within 4–6 months (19). However, 64%
of women remained asymptomatic 8–12 months after
treatment.

Side effects occur in 95% of women who are treated with
GnRH-a (19). Seventy-eight percent experience hot flushes;
32%, vaginal dryness; and 55%, transient frontal headaches
that start 2 weeks after initiation of therapy and last about
2 weeks. However, only 8% of women terminated treatment
with GnRH-a because of side effects. Arthralgia, myalgia,
insomnia, edema, headaches, emotional lability, depression,
and decreased libido are less commonly reported. The hypo-
estrogenic state induced by GnRH-a causes significant bone
loss after 6 months of therapy (20).

In an effort to reduce side effects, inhibit bone loss, and
allow longer term use of GnRH-a, low doses of estrogen
and progestins may be added while GnRH-a is continued.
After 3 months of treatment with GnRH-a and a 36% reduc-
tion in uterine volume, women continued the GnRH-a and
received daily estropipate (0.625 mg) plus norethindrone
(0.7 mg) on days 1–14, without any significant increase in
uterine size (21). There was a statistically significant 3% de-
crease in bone density after 3 months of GnRH-a alone, but
no further bone loss occurred after estrogen and progestins
were added back. However, a study of long-term use of
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GnRH-a over 6 years found a wide range of reduction in bone
density among women and no difference in bone loss
between groups that were given estrogen and progestin vs.
those treated with GnRH-a alone (22). A reduction of bone
loss has been reported after 6 months of treatment with
GnRH-a and add-back of etidronate (400 mg/d for 2 wk,
given every 2 months) (23).

A small randomized, prospective study found that women
treated with GnRH plus tibolone, a synthetic hormone related
to norethynodrel, had no significant differences in myoma
symptoms when compared with women who had been treated
with GnRH-a alone (24). However, the GnRH–tibolone
group had reduced hot flushes, night sweats, and vaginal dry-
ness and no loss of bone mineral density. Another study found
no regrowth of myomas after 3 years of GnRH-a and tibolone
therapy (7). Another study compared perimenopausal women
treated with GnRH-a and tibolone for 12 months with women
after hysterectomy and bilateral salpingo-oophorectomy and
with an untreated control group. Twelve months after discon-
tinuation of tibolone and 12 months after surgery, both groups
had significantly more bone loss than did women going
through natural menopause over the same interval (25). Tibo-
lone presently is available in Europe.

Progestins also have an important influence on myoma
growth (26). Women given GnRH-a and a placebo daily
were found to have a 73% reduction in total uterine size.
Women receiving GnRH-a with medroxyprogesterone acetate
(20 mg) that was started at the onset of therapy and continued
for 12 weeks had no decrease in total uterine volume. Subse-
quent crossover of the two groups confirmed these findings.

Interestingly, women with uterine myomas that were
treated with GnRH-a and raloxifene, a selective estrogen-
receptor modulator, for 18 months had a significant decrease
in uterine and myoma volumes but had no change in bone
mineral density or bone metabolic markers (27). Hot flushes
were common, but no woman dropped out of the study for
this reason.

Preoperative use of GnRH-a A Cochrane review found that
women with myomas treated preoperatively with 3–4 months
of GnRH-a had significantly reduced uterine volume and
uterine size, improved preoperative hemoglobin, and reduced
operating times and hospital stays (28). Although operative
blood loss was less for both abdominal hysterectomy and ab-
dominal myomectomy patients, there was no significant dif-
ference in transfusion rates. Women with myomas and initial
mean hemoglobin concentrations of 10.2 g/dL were random-
ized preoperatively to GnRH-a plus oral iron or to placebo
plus oral iron. After 12 weeks, 74% of the women treated
with GnRH-a and iron had hemoglobin concentrations of
>12 g/dL, compared with 46% of the women treated with
iron alone (29).

Pretreatment with GnRH-a may avoid a vertical abdominal
incision for the performance of myomectomy or hysterec-
tomy (28). Pretreatment with GnRH-a before planned hyster-
ectomy also may allow conversion from planned abdominal
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hysterectomy to vaginal hysterectomy. Twenty-five women
randomized to preoperative GnRH-a treatment for 8 weeks
were compared with 25 women without treatment. Women
treated with GnRH-a had a significant decrease in uterine
size, from 15.7 weeks to 11.2 weeks, and 76% were able to
undergo vaginal hysterectomy, compared with 16% in the
placebo group (30).

Gonadotropin-releasing hormone agonists as temporary
treatment for perimenopausal women Women in late peri-
menopause who are symptomatic from uterine myomas
may consider short-term use of GnRH-a. Gonadotropin-re-
leasing hormone agonist was given monthly for 6 months
to 34 perimenopausal women with symptomatic myomas,
12 of whom required repeat treatment after 6 months (31).
Fifteen women went into natural menopause during the study,
and 31 women avoided surgery for myomas. Although not
specifically studied, add-back therapy may also be consid-
ered in this setting.

Gonadotropin-releasing hormone antagonist The GnRH
antagonist ganirelix was given (daily by SC injection) to
20 women with uterine myomas (32). The immediate sup-
pression of endogenous GnRH, without an initial flare, re-
sulted in a rapid decrease in myoma and uterine volumes.
Evaluation of uterine size by sonography found a maximum
myoma volume reduction of 43% (range, 14%–77%) after
19 days. Magnetic resonance imaging at 19 days found
a 29% reduction in myoma volume (range, 36%–62%).
Treatment was accompanied by hypoestrogenic symptoms.
The investigators suggested that when long-acting com-
pounds are available, GnRH antagonists may be the drug of
choice if medical treatment is used before surgery.

Progesterone-Mediated Medical Treatment

The reduction in uterine size after treatment with the P-block-
ing drug RU-486 is similar to that found with GnRH-a (33). A
prospective, randomized, controlled trial using either 5 or 10
mg of RU-486 for 1 year found that both doses induced a 48%
decrease in mean uterine volume after 6 months.

Because of the P-blocking action of RU-486, endometrial
hyperplasia may result from unopposed exposure of the endo-
metrium to estrogen. A systematic review found endometrial
hyperplasia in 10 (28%) of 36 women who were screened
with endometrial biopsies (34). Thirty-eight percent of
women experienced hot flushes, and 4% had elevated liver
transaminases. Another study found that in women treated
with 10 mg, 5 (13.9%) of 36 had simple endometrial hyper-
plasia at 6 months, and 1 (5%) of 21, at 12 months. No
samples showed atypical hyperplasia (35).

Asoprisnil, a selective P receptor modulator, binds to P re-
ceptors, which are increased in myoma tissue. Doses of 10
and 25 mg are effective in shrinking myomas and suppress
both abnormal and normal uterine bleeding, with no effects
on circulating estrogen levels, no clinical symptoms of estro-
gen deprivation, and no breakthrough bleeding (36). The
compound has an inhibitory effect on the endometrium as
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a result of suppressed endometrial angiogenesis and/or func-
tion of spiral arteries, and this effect is the likely explanation
for a decrease in abnormal bleeding. This medication is cur-
rently undergoing US Food and Drug Administration clinical
trials.

Progesterone-Releasing Intrauterine Device

In women with myomas, uterine size of %12 weeks, and
a normal uterine cavity, levonorgestrel-releasing intrauterine
systems have been shown to substantially reduce menstrual
bleeding (37). Sixty-seven women who met these criteria
were followed with pictorial assessment of menstrual bleed-
ing, and within 3 months, 22 (85%) of 26 women with docu-
mented menorrhagia had normal bleeding. By 12 months,
40% of all women were amenorrheic, and all but 1 woman
had hemoglobin concentrations of >12 g/dL.

Alternative Medicine Treatment

A nonrandomized, nonblinded study compared myoma
growth in 37 women treated with Chinese medicine, body
therapy, and guided imagery with that in 37 controls who
were treated with nonsteroidal anti-inflammatory medica-
tions, progestins, or oral contraceptive pills. After 6 months,
sonographic evaluation demonstrated that myomas stopped
growing or shrank in 22 (59%) of 37 treated women, com-
pared with in 3 (8%) of 37 controls. Although symptoms re-
sponded equally well in both groups, satisfaction was higher
in the treatment group. Participants in the study, however, ac-
tively sought alternative therapy, so assessment of satisfac-
tion may reflect selection bias (38).

An uncontrolled study reported treatment of 110 women
with myomas of <10 cm with the Chinese herbal medicine
Kuei-chin-fu-ling-wan for R12 weeks. Clinical and sono-
graphic evaluation found complete resolution of myomas in
19% of women, a decrease in size in 43%, no change in
34%, and an increase in 4%. Menorrhagia improved in 60
(95%) of 63 women, and dysmenorrhea improved in 48
(94%) of 51. However, 15 (14%) of the 110 women chose
to have a hysterectomy during the 4 years of the study (39).

Future Directions for Medical Therapy

Forthcoming medical treatments for myomas will likely in-
clude compounds that block the action of growth factors
that regulate cellular proliferation and/or collagen production
(40). Normal myometrium has little or no aromatase, an en-
zyme that converts circulating androgen to estrogen. Myoma
cells, however, express aromatase in situ, perhaps in amounts
sufficient to support their own growth, and large myomas
have higher aromatase expression than do small myomas.
One hopes that new aromatase inhibitors can be found that
avoid systemic hypo-estrogenic symptoms by inhibiting
myoma, but not ovarian, estrogen production (41).

Myomas have increased production of collagen. Pirfeni-
done, an anti-fibrotic compound (Marnac, Inc., Dallas, TX),
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decreases expression of collagen type I and III messenger
RNA in cultured myometrial cells. Results of these studies,
however, suggest that pirfenidone may inhibit new myoma
growth but not affect myomas already present. Clinical stud-
ies of effectiveness are lacking for myomas, but treatment of
pulmonary fibrosis shows a high incidence of side effects,
with 87% of patients experiencing nausea, fatigue, or a photo-
sensitive rash (42, 43).

SURGICAL TREATMENT OPTIONS

Surgical treatment options currently include abdominal
myomectomy; laparoscopic myomectomy; hysteroscopic
myomectomy; endometrial ablation; and abdominal, vaginal,
and laparoscopic hysterectomy.

Abdominal myomectomy long has been used as a conser-
vative treatment for uterine myomas, and much of the litera-
ture predates the use of randomized controlled trials.
Myomectomy has been stated to relieve symptoms in 80%
of women (1). But there is scant literature documenting the
efficacy of abdominal myomectomy in reducing myoma-
related symptoms. Many large series reporting abdominal
myomectomy do not report data for relief of symptoms after
surgery (44–49).

There are few studies that compare available treatment
outcomes and even fewer that compare patient satisfaction
or quality of life after treatment.

A prospective, nonrandomized study comparing myomec-
tomy with UAE reported that 75% of women in the myomec-
tomy group had a significant decrease in symptom scores
after 6 months (50). Because patient and physician prefer-
ences make recruitment difficult, it is challenging to perform
randomized surgical trials. Presently, women and their gyne-
cologists must make management decisions on the basis of
well-performed case–control studies.

Serious medical conditions, such as severe anemia or ure-
teral obstruction, often need to be addressed surgically. Sur-
gical intervention may also be indicated in women who have
myomas that are associated with menorrhagia, pelvic pain or
pressure, or urinary frequency or incontinence that compro-
mises quality of life. Women with large symptomatic
myomas who have completed childbearing are most often
recommended to have a hysterectomy. A recent study found
that uterine myomas were the indication for surgery in
198,000 (33%) of the 598,000 hysterectomies performed
in 1999. In contrast, only 30,000 myomectomies were
performed during that year (51).

Abdominal Myomectomy

‘‘The restoration and maintenance of physiologic function is,
or should be, the ultimate goal of surgical treatment,’’ said
Bonney, an early advocate of abdominal myomectomy, in
1931 (52). However, women may be informed that myomec-
tomy is not appropriate because hysterectomy is safer or is
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associated with less blood loss or because sarcoma may be
present. Recent reports do not support these concerns (53–55).

Myomectomy even may be considered for women with
large uterine myomas who desire to retain their uterus. A
study of 91 women with uterine size of >16 weeks (range,
16–36 wk) reported no conversions to hysterectomy. Compli-
cations included one bowel injury, one bladder injury, and
one reoperation for incarcerated bowel. With use of a cell
saver in 70 women, only 7 required homologous blood trans-
fusion (56). A retrospective cohort study compared the mor-
bidity of abdominal hysterectomy in 89 women who had
myomas with that of 103 women who had abdominal myo-
mectomy (57). Unfortunately, the study was not adjusted
for uterine size (in the hysterectomy group, 15.2 wk vs. in
the myomectomy group, 11.5 wk), and selection bias was
likely. Nevertheless, there were no visceral injuries in the
myomectomy group, but the hysterectomy group developed
two ureteral, one bladder, one bowel, and one nerve injury,
and in that group, there were two reoperations for bowel
obstruction.

Case–controlled studies suggest that there may be less risk
of intraoperative injury with myomectomy when compared
with hysterectomy. A retrospective review of 197 women
who had myomectomies and 197 women who had similar
uterine size and underwent hysterectomies (14.4 vs. 15.6 wk)
found that operating times were longer in the myomectomy
group (200 vs. 175 min), but estimated blood loss was greater
in the hysterectomy group (227 vs. 484 mL) (55). The risks of
hemorrhage, febrile morbidity, unintended surgical proce-
dure, life-threatening events, and rehospitalization were no
different between groups. However, 26 (13%) of the women
in the hysterectomy group developed complications, includ-
ing 1 who incurred a cystotomy, 1 who incurred ureteral in-
jury, 3 who incurred bowel injuries, 8 who developed ileus,
and 6 who developed pelvic abscesses. In contrast, complica-
tions occurred in 11 (5%) of the myomectomy patients, in-
cluding 1 who had a cystotomy, 2 who had a reoperation
for small bowel obstruction, and 6 who developed ileus.
The investigators concluded that after logistic regression
analysis, no clinically significant difference in perioperative
morbidity was detected, and myomectomy should be consid-
ered as a safe alternative to hysterectomy.

Cesarean section and concurrent myomectomy In carefully
selected women, myomectomy may be safely accomplished
at the time of cesarean section. One series reported 25 women
who had removal of 84 myomas, of 2–10 cm, at the time of
cesarean section with a mean estimated blood loss (EBL)
of 876 mL (range, 400–1,700 mL) (58). Five women required
blood transfusion, but none required a cesarean hysterec-
tomy. A retrospective study compared 111 women who had
myomectomy at the time of cesarean section with 257 with
documented myomas who had cesarean section but not myo-
mectomy (59). Only 1 (0.9%) woman in the myomectomy
group required transfusion, and none required hysterectomy
or embolization, and there were no differences between the
two groups in mean operative times, incidence of fever, or
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length of hospital stay. Preoperative pain, an obstructed lower
uterine segment, or an unusual appearance of the myoma at
the time of surgery led to myomectomy in 14% of the women,
but in 86% of the women, myomectomy was incidental, and
cases were probably carefully selected. However, the investi-
gators concluded that in experienced hands, myomectomy
may be safely performed in selected women during cesarean
section.

Treating preoperative anemia Recombinant erythropoietin.
Erythropoietin alfa and epoetin, recombinant forms of eryth-
ropoietin, commonly are used to increase preoperative hemo-
globin concentrations in cardiac, orthopedic, and neurologic
surgery. A randomized study showed that use of epoetin (250
IU/kg per wk, approximately 15,000 IU) for 3 weeks before
elective surgery was shown to increase the hemoglobin con-
centration by 1.6 g/dL and significantly reduce transfusion
rates when compared with the case of controls (60). No
side effects were experienced. A prospective, nonrandomized
study of preoperative epoetin found a significant increase in
hemoglobin concentrations before, and after, gynecologic
surgery (61).

Gonadotropin-releasing hormone agonist. Gonadotropin-
releasing hormone agonist may be used preoperatively to
stop abnormal bleeding, with a resultant increase of hemo-
globin concentration. Menorrhagia responds well to GnRH-
a, with one study finding that 37 of 38 women had resolution
by 6 months (6). Another study evaluated women with myo-
mas and initial mean hemoglobin concentrations of 10.2 g/dL
and randomized the women preoperatively to GnRH-a plus
oral iron and to placebo plus oral iron. After 12 weeks,
74% of the women treated with GnRH-a and iron had hemo-
globin concentrations of >12 g/dL, compared with 46% of
the women treated with iron alone.

Surgical technique for abdominal myomectomy: reducing
blood loss Surgical techniques available for myomectomy
allow safe removal of even large myomas (56). Use of tour-
niquets and vaso-constrictive substances may be used to limit
blood loss. Pitressin, a synthetic vasopressin (Monarch Phar-
maceuticals, Bristol, UK), decreases blood loss during myo-
mectomy and, in a prospective, randomized study, was as
effective as mechanical occlusion of the uterine and ovarian
vessels (62, 63). Vasopressin, an antidiuretic hormone, causes
constriction of smooth muscle in the walls of capillaries,
small arterioles, and venules. The use of vasopressin to de-
crease blood loss during myomectomy is an off-label use of
this drug.

Uterine incisions made transversely, parallel to the arcuate
vessels, may reduce bleeding. A midline vertical uterine inci-
sion, suggested elsewhere to avoid inadvertent extension of
the incision to the cornua or ascending uterine vessels, cuts
across multiple arcuate vessels and may be associated with
greater blood loss (64). Transverse incisions may avoid
many of these vessels (65). Extending the uterine incisions
through the myometrium and entire pseudocapsule until the
myoma is identified clearly will identify a less vascular
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surgical plane. This avascular plane often is deeper than is
commonly recognized. It has been noted, on the basis of vas-
cular corrosion casting and examination by electron micros-
copy, that myomas are completely surrounded by a dense
vascular layer that supplies the myoma and that no distinct,
so-called vascular pedicle exists at the base of the myoma
(66) (Fig. 2).

Limiting the number of uterine incisions has been sug-
gested to reduce the possibility of adhesions to the uterine se-
rosa (64). But to extract distant myomas, tunnels must be
created within the myometrium, making hemostasis within
these defects difficult. Alternatively, an incision can be
made directly over a myoma, and only easily accessed myo-
mas can be removed (56). The defect can be closed promptly
with layers of running sutures, and hemostasis can be secured
immediately. Multiple uterine incisions may be needed, but
adhesion barriers may help limit adhesion formation (67).

Cell savers have been used extensively in orthopedic, car-
diac, and neurological surgery and should be considered for
use during myomectomy (or hysterectomy). These devices
suction blood from the operative field, mix it with heparin-
ized saline, and store the blood in a canister. If the patient re-
quires blood reinfusion, the stored blood is washed with
saline, filtered, processed by centrifuge to a hematocrit of ap-
proximately 50%, and given back to the patient by IV. There-
fore, the need for preoperative autologous blood donation or
heterologous blood transfusion often can be avoided (68). In

FIGURE 2

Vascular corrosion casting of myoma blood supply
examined by electron microscopy. Reprinted from
Walocha JA, Litwin JA, Miodo�nski AJ, Vascular
system of intramural leiomyomata revealed by
corrosion casting and scanning electron microscopy,
Hum Reproduction 2003, Vol. 18, No 5, pp. 1088–93.
ª European Society of Human Reproduction and
Embryology. Reproduced by permission of Oxford
University Press/Human Reprodution.
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a study of 91 women who had myomectomy for uterine size
of>16 weeks, the cell saver was used for 70 women who had
a mean volume of reinfused, packed red blood cells of 355
mL (56). Use of the cell saver avoids the risks of infection
and transfusion reaction. The cost of using a cell saver, com-
pared with donation of autologous blood, has not been stud-
ied for abdominal myomectomy. Most hospitals charge
a minimal fee for having the cell saver available and charge
additionally if it is used. Assuming that most women who do-
nate autologous blood before myomectomy do not require
blood transfusion, availability of the cell saver would spare
many women the time and expense of donating, storing,
and processing autologous blood. The cost of the cell saver
for a cohort of women should, therefore, be significantly
lower than the cost of autologous blood.

Laparoscopic Myomectomy

Currently available instruments make laparoscopic myomec-
tomy feasible, although the wide application of this approach
is limited by the size and number of myomas reasonably
removed, and the technical difficulty of the procedure and
of laparoscopic suturing (69). However, prospective, ran-
domized studies comparing abdominal and laparoscopic
myomectomy in selected patients show that the laparoscopic
procedure is associated with less postoperative pain, shorter
hospital stay, and shorter recovery than is abdominal sur-
gery (70).

In 40 women with subserosal and intramural myomas of
<6 cm who were randomized to abdominal and laparoscopic
myomectomy, estimated blood loss and surgical times were
similar, and there were no major complications in either
group. A study of 131 women randomized to abdominal
and laparoscopic myomectomy for non-pedunculated myo-
mas of >5 cm (mean, 7 cm) found significantly higher post-
operative hemoglobin concentrations, lower incidence of
postoperative fever, and shorter hospital stays with laparo-
scopic myomectomy (71).

Case series without controls show the feasibility of laparo-
scopic surgery in women with large myomas. In a series of
144 women in whom the largest myoma was %18 cm
(mean, 7.8 cm), only 2 (1.4%) required conversion to laparot-
omy (72). Of 332 consecutive women undergoing laparo-
scopic myomectomy for symptomatic myomas of <15 cm,
only 3 (0.9%) women required conversion to laparotomy (73).

Port placement should be based on the position and size of
the myomas to be removed. Laparoscopic suturing may be
more ergonomic if there are two ports on either the patient’s
right side, for right-handed surgeons, or left side, for left-
handed surgeons: a 12-mm port, about 2 cm medial to the il-
iac crest, for suture access and another 5-mm lateral port, at
the level of the umbilicus (74). A left upper quadrant
approach may be used for initial access when uterine size is
near or above the umbilicus (75).

Pitressin is injected into the myoma. A transverse incision
is made directly over the myoma and carried deeply until
Vol. 88, No. 2, August 2007



definite myoma tissue, and the avascular plane, is noted. The
myoma is grasped with a tenaculum for traction, and the
plane between the myometrium and myoma is dissected until
the myoma is free. Bleeding vessels in the myometrial defect
are desiccated with bipolar electrosurgical paddles. Delayed
absorbable sutures are placed in one, two, or three layers, as
needed, adhering to surgical technique at laparotomy. Mor-
cellation of the myoma, which now is easier with electrome-
chanical devices, is accomplished under direct vision. The
pelvis and abdomen are irrigated, the fluid suctioned, and In-
terceed (Gynecare, Somerville, NJ) is placed as an adhesion
barrier.

Myolysis and Cryomyolysis

A number of energy sources including bipolar electrosurgery,
neodymium-doped yttrium-aluminium-garnet laser, and
cryogenic probes have been used under laparoscopic direc-
tion to reduce myoma size by means of myoma destruction
and interference with local vascular supply (76, 77). Al-
though uterine and myoma volumes decreased by approxi-
mately 50%, dense adhesions to the uterine serosa were
found in 6 (53%) of 15 women undergoing subsequent lapa-
roscopic evaluations for other reasons (78). Most investiga-
tors do not recommend myolysis for women who desire
future fertility.

Adhesions After Myomectomy

Adhesion formation has been well documented after myo-
mectomy (79). A Cochrane review found that Interceed re-
duced the incidence of adhesion formation, both de novo
and reformation, at laparoscopy and laparotomy, but there
were insufficient data to support its use to improve pregnancy
rates. Gore-Tex (Gore and Associates, Newark, DE) may be
superior to Interceed in preventing adhesion formation, but
its usefulness is limited by the need to affix it to the uterus
and by the need for later removal. The authors found limited
evidence of the effectiveness of Seprafilm (Genzyme,
Cambridge, MA) in preventing adhesion formation (80).

A well-conducted prospective study randomized 127
women undergoing abdominal myomectomy to treatment
or no treatment with Seprafilm at the end of surgery, and
the women were evaluated with second-look laparoscopy.
Women treated with Seprafilm had significantly fewer adhe-
sions and lower adhesion severity scores, with lower extent
and area than untreated women. At least one adnexa was ad-
hesion free in 48% of the treated group, vs. in 31% in the un-
treated group, a statistically significant difference (67). This
study and others found an increased incidence of adhesions
with posterior uterine incisions, compared with anterior
incisions (81).

In a randomized study, Interceed was placed at the comple-
tion of laparoscopic myomectomy in 25 women, and at sec-
ond-look laparoscopy, 60% of the women had no adhesions
found. In the group of 25 women who did not have Interceed
placed, only 12% were adhesion free (82). Sixty-three
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women having an abdominal myomectomy were randomized
to intraoperative use of Seprafilm, Dextran, factor 13 with
fibrinogen, or a control group. At second-look laparoscopy
7 days later, uterine adhesions were found in 14% of women
treated with Seprafilm, in 70% of women treated with Dex-
tran, in 75% of women treated with factor 13 with fibrinogen,
and in 69% of women in the control group. Peritoneal adhe-
sions were found in 14%, 29%, 42%, and 69%, respectively
(83).

Adhesion formation after laparoscopic and abdominal my-
omectomy was compared in a case–control study (84). The
number and extent of adhesions was lower in the laparoscopy
group, although the number of patients was small (n ¼ 28).

Hysteroscopic Myomectomy

Submucous myomas, sometimes associated with increased
menstrual bleeding or infertility, may often be removed hys-
teroscopically. Other etiologies for bleeding or infertility
should be considered before treatment is initiated (5). Classi-
fication of submucous myomas is based on the degree of the
myoma within the cavity: Type 0 myomas are entirely intra-
cavitary, type I myomas have>50% of the myoma within the
cavity, and Type II myomas have<50% of the myoma within
the cavity (Fig. 3) (85).

Indication: fertility The association of submucous myomas
with infertility is supported by the fertility literature. A
meta-analysis of infertile women with submucous myomas
distorting the endometrial cavity found significantly lower
pregnancy and delivery rates, compared with infertile con-
trols without myomas (respectively: risk ratio, 0.32; 95%
confidence interval, 0.13–0.70 and risk ratio, 0.28; 95% con-
fidence interval, 0.10–0.72). It is important to note that resec-
tion of submucous myomas led to a significant increase in the
pregnancy rate compared with the case in infertile controls
without myomas (risk ratio, 1.72; 95% confidence interval,
1.13–2.58) (86).

Although the mechanism for the association between sub-
mucous myomas and infertility is not well understood, theo-
ries include changes in local vascular supply that deprive the
implanted embryo of oxygen and nutrients; mechanical
obstruction of the tube; or induction of inflammation or local
biological factors that interfere with transport, implantation,
or embryo development.

Indication: abnormal bleeding associated with submucous
myomas No meta-analysis of the association of submucous
myomas and abnormal uterine bleeding has been performed;
however, most studies show a reduction in bleeding after
resection. One hundred ninety-six consecutive women with
menorrhagia and the presence of one or more submucous
myomas were followed for a mean of 73 months (range,
50–104 mo) after hysteroscopic myomectomy (87). Sixty-
eight percent of women reported ‘‘satisfaction and ability to
lead a normal life.’’ Twenty-six (13%) required repeat hys-
teroscopic procedures, 25 women required hysterectomy,
and 10 had recurrent bleeding without further treatment, for
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a total failure rate of 31%. Long-term follow-up of 285 con-
secutive women with menorrhagia or metrorrhagia who had
hysteroscopic resection of one or more submucous myomas
found that additional surgery was required for 9.5% at 2
years, for 10.8% at 5 years, and for 26.7% at 8 years (88).

When pictorial assessment was used to estimate men-
strual blood loss before and for 41 months after hystero-
scopic resection of submucous myomas, a significant
decrease in bleeding was reported in 42 (82%) of 51 women
with submucous pedunculated, 24 (86%) of 28 women with
sessile, and 15 (68%) of 22 women with submucous/intramu-
ral myomas (89). After 5 years, 10% of women with normal
uterine size and not more than two submucous myomas re-
quired reoperation (repeat resection or hysterectomy) (88).
In that study, 100% of type 0, 98% of type I, and 91% of
type II myomas were completely resected. Half of the women
with incomplete resection required reoperation within
2 years.

In selected women who do not desire future childbearing,
endometrial ablation with or without hysteroscopic myomec-
tomy may be efficacious. One study that used an objective

FIGURE 3

Classification of submucous myomas based on
percentage of myoma within uterine cavity.
Reprinted from Fertility and Sterility, Vol. 73, Cohen
LS, Valle RF, Role of vaginal sonography and
hysterosonography in the endoscopic treatment of
uterine myomas, pp 197–204, ª 2000, with
permission from American Society for Reproductive
Medicine.

Parker. Management of uterine myomas. Fertil Steril 2007.
262 Parker Management of uterine myomas
measure of pad counts after ablation with or without myoma
resection found that 48 (94%) of 51 women had resolution of
abnormal bleeding after a mean follow-up of 2 years (range,
1–5 y) (90). A study of 62 women followed for an average of
29 months (range, 12–60 mo) found that 74% of the women
had hypomenorrhea or amenorrhea, and only 12% required
a hysterectomy (91).

One study of 33 women followed for a mean of 8 months
after neodymium-doped yttrium-aluminium-garnet laser ab-
lation of the endometrium in the presence of known uterine
myomas with total uterine volume of <16 weeks’ size re-
ported amenorrhea in 16 women (49%) and eumenorrhea
or hypomenorrhea in the other 17 (92). Hydrothermal abla-
tion was used to treat 22 women with known submucous
myomas of %4 cm, with 91% reporting amenorrhea, hypo-
menorrhea, or eumenorrhea after a minimum of 12 months’
follow-up (93).

Hysterectomy

Women who present with symptomatic uterine myomas often
are offered hysterectomy as treatment (54, 94). In a recent re-
view of hysterectomy in the United States, myomas were the
indication for surgery in 40% of abdominal, 17% of vaginal,
and 29% of laparoscopic hysterectomies (51).

Women with intractable symptoms that affect their lives
and who have not been helped by other therapies may benefit
from hysterectomy. The Maine Women’s Health Study found
that after hysterectomy (35% were performed for myomas)
for moderate or severe non–life-threatening symptoms,
72% of women felt ‘‘much better,’’ another 16% felt a ‘‘little
better’’, and 3% of the women felt worse than they did before
surgery (8). Only 3% of the patients reported negative feel-
ings about themselves as women as a result of having had
a hysterectomy. However, at the time of the study, alternative
modes of surgical therapy such as endometrial ablation, hys-
teroscopic, laparoscopic or abdominal myomectomy, UAE,
or focused ultrasound were not used or not available. As these
and other new developments become widely available, it
is likely that the need for hysterectomy as treatment for
myomas will decrease.

Hysterectomy is not without the possibility of complica-
tions. A study of 446 women having hysterectomy for
myoma-related symptoms reported that women subjected to
hysterectomy found an increased risk of complications as
uterine weights increased (54). The risk of blood loss of
>500 mL and the need for transfusion was higher when the
uterus weighed >500 g, compared with uterine weights of
<500 g.

Women who undergo hysterectomy for very large uterine
myomas have been shown to have an increased risk of blood
loss with increasing uterine size (95). Blood loss of>500 mL
occurred in 53 (26%) of 208 women with uterine weight of
<500 g, 26 (41%) of 63 women with uterine weight of
500–999 g, and 26 (53%) of 47 women with uterine weight
of >1,000 g. However, four cystotomies, one enterotomy,
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two pelvic abscesses, and one bowel obstruction occurred in
the women with uterine weight of <500 g, and none of these
complications occurred in women with larger uteri. Pretreat-
ment with GnRH-a has been found to decrease operative
blood loss and also to decrease the need for a vertical abdom-
inal incision for the performance of hysterectomy (28).

Enlarging uterine size has, in the past, been considered
an indication for hysterectomy. However, studies in the last
decade show that this indication is unfounded. One of 1,332
women subjected to surgery for myomas was found to have
leiomyosarcoma, and only 1 of the 371 women with a ‘‘rapidly
growing uterus’’ was found to have sarcoma (53).

Laparoscopic hysterectomy Laparoscopic hysterectomy,
either total or supracervical, may be feasible for women
with uterine myomas, with the benefits of less postoperative
pain, shorter hospital stay, and faster recovery.

Laparoscopic hysterectomy compared with vaginal hysterectomy.
If a vaginal hysterectomy is technically feasible for a patient,
there is no benefit in performing a laparoscopic hysterec-
tomy. The ability to perform a vaginal hysterectomy on
an outpatient basis with good patient acceptance has been es-
tablished (96). A prospective, randomized study compared
laparoscopy-assisted vaginal hysterectomy with standard
vaginal hysterectomy in an outpatient setting (97). All pa-
tients had a mobile uterus of <16 weeks’ size and were be-
lieved to be candidates for outpatient surgery. An average
of 55 minutes’ additional operating time was required for
the patients operated on by laparoscopy-assisted vaginal hys-
terectomy. Added anesthesia time, in addition to the cost of
disposable instruments, increased the cost of laparoscopic
surgery by $3,000 when compared with standard vaginal hys-
terectomy. The outcomes of the two groups were otherwise
comparable. Other studies have confirmed these findings
(98, 99).

Laparoscopic hysterectomy compared with abdominal
hysterectomy. A prospective, randomized, multicenter study
concluded that laparoscopic-assisted hysterectomy offered
the benefits of less-invasive surgery without increased risk
(100). Eighty women with uterine size of between 280 and
700 g (considered a contraindication to vaginal hysterec-
tomy) were included in the study. Laparoscopy-assisted vag-
inal hysterectomies, with the laparoscopic portion of the
procedure concluded before ligation of the uterine arteries
(type I according to the Munro and Parker classification)
were compared with the standard abdominal approach
(101). Estimated blood loss, postoperative day 1 hemoglobin,
postoperative pain (as measured by a visual analog scale),
and postoperative hospital stay were all significantly better
for the laparoscopy-assisted hysterectomy group. The ab-
dominal hysterectomy group had seven postoperative com-
plications: one woman with a cuff hematoma who required
transfusion, one with delayed bleeding requiring reoperation
and transfusion, and five other women with fevers. The only
complications in the laparoscopic group were postoperative
fevers in two women.
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A retrospective cohort study compared laparoscopic hys-
terectomy in 34 women who had uterine weights of >500 g
(range, 500–1,230 g) with the case of 68 women who had
uterine weights of <300 g (102). The investigators found
no difference in complications rate, blood loss, hospital
stay, or postoperative recovery, but operating times were sig-
nificantly shorter in the women with smaller uteri. No patient
required conversion to laparotomy. Therefore, in experienced
hands, the benefits of laparoscopic hysterectomy may also be
extended to women who have large myomas.

Conservative surgery for uterine sarcoma Hysterectomy is
the treatment of choice when leiomyosarcoma is found. How-
ever, a small number of young women who desired to retain
fertility have been offered uterine preservation when sarcoma
was found incidentally at the time of a presumed myomec-
tomy and when no evidence of residual disease was found
on postoperative ultrasound, hysteroscopy, abdominal and
pelvic magnetic resonance imaging (MRI) or computed to-
mography scan, or chest roentgenogram. In a review of the
available data, including their own cases, Lissoni et al.
(103) reported that 27 such sarcomas were managed by
observation, with a mean follow-up of 42 months (range,
11–92 mo). Nine women had subsequent surgery, and 3 had
evidence of residual disease. Among the 18 women who
were observed, only 1 had a recurrence, and 9 women had
subsequent pregnancies that went to term.

NEW APPEARANCE OF MYOMAS

Although new myomas may grow after myomectomy, most
women will not require additional treatment. If the first sur-
gery is performed in the presence of a single myoma, only
11% of women will have subsequent surgery. If multiple my-
omas are removed during the initial surgery, only 26% will
have subsequent surgery (mean follow-up, 7.6 y) (104). Indi-
vidual myomas, once removed, do not grow back. Myomas
detected after myomectomy, often referred to as recurrence,
either are the result of persistence of myomas left at the
time of surgery or are newly developed myomas. Perhaps
this circumstance is best designated as new appearance of
myomas.

Studies reporting new appearance of myomas should be
carefully evaluated. Methodological problems, including in-
complete follow-up, insufficient length of follow-up, the use
of either transabdominal or transvaginal sonography (with
different sensitivity), or other inconsistent methods being
used to confirm new appearance confound many studies.
Data analysis also may confound results. Life table analysis
is the optimal method for calculation of new appearance
rates; that is, the group lost to follow-up is assumed to have
had similar outcomes as the group that has been followed
(105, 106).

Reports of new appearance may be measuring persistence,
likely related to the thoroughness of the surgeon in removing
myomas initially present. Sonography found that 29% of
women had persistent myomas 6 months after myomectomy
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(107). In addition, the background formation of new myomas
in the general population should be considered. As noted
elsewhere, a hysterectomy study found myomas in 77% of
specimens from women who did not have a preoperative
diagnosis of myomas (108).

Clinical Follow-Up

Clinical exam alone may not be effective in assessing the in-
cidence of new appearance of myomas, because women who
return to the gynecologist are more likely to have gyneco-
logic problems associated with new myomas than are women
who remain asymptomatic. Also, enlargement of the uterus
may result from adenomyosis or misdiagnosis of an adnexal
mass. Clinical symptoms, such as abnormal bleeding or pel-
vic discomfort, ascertained by phone or written survey, may
overstate new appearance rates, because these symptoms
may result from unrelated causes. However, self-reported di-
agnosis based on symptom questionnaires has reasonably
good correlation with sonographic or pathologic confirma-
tion of myomas and may be the most appropriate method
of gauging clinical evidence of new appearance (109). One
study of 622 patients, who were 22–44 years of age (average,
33 y) at the time of surgery and were followed over 14 years,
found the cumulative new appearance rate to be 27%, on the
basis of clinical examination followed by ultrasound confir-
mation (Fig. 4) (110). An excellent review of life table anal-
ysis studies found a cumulative risk of clinically significant
new appearance of 10%, 5 years after abdominal myomec-
tomy (106).

Sonographic Follow-Up

Routine ultrasound follow-up is sensitive but detects many
clinically insignificant myomas. One hundred forty-five
women with mean age of 38 years (range, 21–52 y) were fol-

FIGURE 4

Overall 10-year recurrence after myomectomy.
Reproduced from BJOG Vol. 98, Candiani GB,
Fedele L, Parazzini F, Villa L, Risk of recurrence after
myomectomy, pp. 385–9, 1991, with the permission
of the Royal College of Obstetricians and
Gynaecologists.
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lowed after abdominal myomectomy, with clinical evaluation
every 12 months and transvaginal sonography at 24 and 60
months (or sooner, with clinical suspicion) (107). No lower
size limit was used for the sonographic diagnosis of myomas.
The cumulative probability of new appearance was 51% at 5
years. A study of 40 women who had a normal sonogram 2
weeks after abdominal myomectomy found that the cumula-
tive risk of sonographically detected new myomas of >2 cm
was 15% over 3 years (111).

Need for Subsequent Surgery

Meaningful information for a woman with myomas consider-
ing treatment is her approximate risk of developing symp-
toms that would require yet additional treatment. A study
of 125 women followed by symptoms and clinical exam after
a first abdominal myomectomy found that a second surgery
was required during the follow-up period (average, 7.6 y;
range, 5–10 y) for 11.1% of women who had one myoma re-
moved initially and for 26.3% of women who had multiple
myomas removed (104). Crude rates of hysterectomy after
myomectomy vary from 4.3%–16.8% over 5 years
(48, 112, 113).

Prognostic Factors Related to New Appearance of Myomas

Age Studies show conflicting results, with one study show-
ing an increased risk (107) of new appearance with increasing
age and another showing decreased risk (114). Given that the
incidence of myomas increases with increasing age, 4.3 per
1,000 woman-years for 25- to 29-year-olds and 22.5 per
1,000 woman-years for 40- to 44-year-olds, new myomas
would be expected to form as age increases, even after
myomectomy.

Subsequent childbearing One study found that pregnancy
with delivery subsequent to myomectomy was the only factor
that influenced the new appearance rates: the 10-year clinical
new-appearance rate for women who subsequently gave birth
was 16%, but for those women who did not give birt, the rate
was 28% (110).

Number of myomas initially removed Risk of new appear-
ance increases with number of myomas removed, represent-
ing either persistence caused by increased difficulty of
removing all myomas initially or predisposition to the devel-
opment of new myomas (104, 107, 110). After R5 years of
follow-up, 27% of women who had a single myoma removed
initially had clinically detected new myomas, and 59% of
women with multiple myomas initially removed had new
myomas (104).

Gonadotropin-releasing hormone agonists Preoperative
treatment with GnRH-a decreases myoma volume and may
make smaller myomas harder to identify during surgery, in-
creasing the risk of persistence. A randomized study com-
pared 16 women who had immediate myomectomy with
8 women who were treated with GnRH-a for 3 months, fol-
lowed by myomectomy (107). Three months after surgery,
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all women had normal clinical exams, but 5 (63%) of the
women in the GnRH group had myomas of size <1.5 cm de-
tected sonographically, whereas only 2 (13%) untreated
women had myomas detected.

Laparoscopic myomectomy Reoperation rates may not dif-
fer for women having laparoscopic, as opposed to abdominal,
myomectomy. Eighty-one women randomized to either lapa-
roscopic or abdominal myomectomy were followed with
transvaginal sonography every 6 months for R40 months
(115). Myomas of>1 cm were detected in 27% of women af-
ter laparoscopic myomectomy, compared with in 23% in the
abdominal myomectomy group. However, no woman in
either group required reoperation or other intervention for
myomas during the study period.

Reducing New Appearance After Myomectomy

Treatment with GnRH-a after myomectomy may reduce new
myoma growth. A nonrandomized study compared 25
women who were given GnRH-a after myomectomy with
40 women who chose not to be treated after surgery. Gonad-
otropin-releasing hormone agonist was given monthly for 3
months, then 1 month per year for 3 years (111). Sonographic
evaluation was performed 2 weeks after the initial surgery
and then every 6 months during the study period. Nine
(22.5%) of the 40 untreated women had new appearance of
myomas of>2 cm, but only 1 (4%) of the 25 GnRH-a–treated
women had new myomas. No other studies have been
performed to confirm these results.

UTERINE ARTERY EMBOLIZATION

Uterine artery embolization appears to be an effective treat-
ment for selected women with uterine myomas. Presently,
the effects of UAE on premature ovarian failure, fertility,
and pregnancy are unclear. Therefore, many interventional
radiologists advise against the procedure for women consid-
ering future fertility. Appropriate candidates for UAE include
women who have symptoms severe enough to warrant hyster-
ectomy or myomectomy. Although very rare, complications
of UAE may necessitate life-saving hysterectomy. Therefore,
women who would not accept hysterectomy under any cir-
cumstance should not undergo UAE.

Contraindications to treatment of myomas with UAE in-
clude active genitourinary infection, genital tract malignancy,
reduced immune status, severe vascular disease limiting ac-
cess to the uterine arteries, contrast allergy, or impaired renal
function. Relative contraindications include submucous my-
omas, pedunculated myomas, recent GnRH-a treatment or
previous iliac or uterine artery occlusion, or postmenopausal
status (116).

Few new applications of an established procedure have
been studied and documented as deliberately as UAE. The
Society for Interventional Radiology developed and vali-
dated a myoma-specific quality-of-life questionnaire and
established a national prospective, multicenter registry
collecting baseline, procedural, and outcome data on UAE
patients (117). Despite these commendable efforts, random-
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ized trials comparing UAE with myomectomy have not
been organized. The American College of Obstetricians
and Gynecologists recommends that women considering
UAE have a thorough evaluation with a gynecologist to
help facilitate collaboration with the interventional radiolo-
gist and that protocols establish the responsibility of caring
for the patient at all times (118).

Technique for UAE

Percutaneous cannulation of the femoral artery is performed
by a properly trained and experienced interventional radiolo-
gist (119). Embolization of the uterine artery and its branches
is accomplished by injecting gelatin sponges, polyvinyl
alcohol particles, or tris-acryl gelatin microspheres via the
catheter until occlusion, or slow flow, is documented. Total
radiation exposure, approximately 15 rads, is comparable
to that in one to two computed tomography scans or barium
enemas (120).

Postprocedural pain, the result of hypoxia, anaerobic me-
tabolism, and formation of lactic acid, usually requires 1
night of pain management in the hospital. Most women are
discharged the next day and may need to take nonsteroidal
anti-inflammatory medications for 1–2 weeks. Many women
can return to normal activity within 1–3 weeks, although
about 5%–10% of women have pain for >2 weeks. About
10% of women will require readmission to the hospital for
postembolization syndrome, which may be characterized
by diffuse abdominal pain, nausea, vomiting, low-grade fe-
ver, malaise, anorexia, and leucocytosis. This process is
treated with IV fluids, continued nonsteroidal anti-inflamma-
tory medications, and pain management and usually resolves
within 48–72 hours. Persistent fever is managed with antibi-
otics, but failure to respond to antibiotics may indicate sepsis,
which needs to be aggressively managed with hysterectomy.

Outcomes of UAE

One study used a myoma-specific quality-of-life question-
naire to evaluate 305 women, 3 months after UAE. Overall
patient satisfaction was 92% (121). A study of 400 women
with longer follow-up (mean, 16.7 mo) reported 26% clinical
failures with no improvement of symptoms (122). The largest
prospective study reported to date includes 555 women, 18–
59 years of age (mean, 43 y), 80% of whom had heavy bleed-
ing, 75% of whom had pelvic pain, 73% of whom had urinary
frequency or urgency, and 40% of whom had required time
off work as a result of myoma-related symptoms (123).

Telephone interviews 3 months after UAE found that men-
orrhagia improved in 83% of women, dysmenorrhea im-
proved in 77%, and urinary frequency improved in 86%.
Mean myoma volume reduction of the dominant myoma
was 33% at 3 months, but improvement in menorrhagia
was not related to preprocedural uterine volume (even vol-
ume of>1,000 cm3) or to the degree of volume reduction ob-
tained. Of note, two women (2/555, 0.4%) had continued
uterine growth and worsening pain and were found to have
sarcomas. The complication-related hysterectomy rate was
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1.5%; 2 women had infections, 4 had persistent postemboli-
zation pain, 1 had a prolapsed myoma, and 1 had continued
vaginal bleeding. Whereas 3% of women who were <40
years of age had amenorrhea, 41% of women >50 years of
age had amenorrhea within the follow-up period.

Although many women pursuing UAE desire uterine con-
servation, some investigators suggest that UAE is more ap-
propriately compared with hysterectomy in that both
procedures are appropriate only for women who do not desire
to conceive (124). A prospective, randomized trial comparing
hysterectomy and UAE in 177 women with symptomatic my-
omas found that major complications were rare, with one pul-
monary embolus in each group. No woman had a blood
transfusion after UAE, whereas 10 (13%) had a transfusion
after hysterectomy. Hospital stay was significantly shorter
for UAE (2 vs. 5 d), but UAE was associated with more read-
missions (9 vs. 0) for pain or fever, or both, in the 6-week
postoperative period. After the procedure, in the UAE group,
1 woman had pneumonia, 1 required resection of a submu-
cous myoma, and 1 had sepsis. After hysterectomy, 1 woman
had a vesicovaginal fistula.

To date, five deaths have been reported after UAE: in two
women, from septic shock; in one woman, from a pulmonary
embolus; and in two, from uncertain causes. Estimates
suggest that >50,000 UAE procedures have been performed
worldwide. Therefore, the estimated mortality rate of
1/10,000 compares well with the mortality rate of approxi-
mately 3/10,000 for a similar group of women who were
<50 years of age and did not have malignancy or compro-
mised immunity and were having a hysterectomy (125).

The risk of premature ovarian failure after UAE needs fur-
ther study. Transient amenorrhea has been reported in %15%
of women. Ovarian arterial perfusion, as measured by Dopp-
ler sonography immediately after UAE, showed that 35% of
women had decreased ovarian perfusion and 54% had com-
plete loss of perfusion (126). Normal FSH, E2, ovarian vol-
ume, and antral follicle counts have been documented in
most women after UAE (127). However, there are no data
that demonstrate the ability of these tests to predict the onset
of menopause. Younger women, whose ovaries contain
a large number of follicles, are likely to maintain a normal
FSH despite destruction of a significant number of follicles.
However, loss of follicles may cause ovarian failure at an ear-
lier age than would otherwise occur (Vogelzang R, personal
communication). Long-term follow-up of women who have
UAE will be necessary to answer this important question.

Surgical Evaluation Before UAE

The use of UAE before myomectomy or hysterectomy is not
proven, adds significant expense, and increases risk. An early
study used surgical evaluation, including laparoscopic and
hysteroscopic biopsies of myomas before UAE, presumably
to rule out the presence of uterine sarcoma (94). However,
general anesthesia is required for laparoscopy, and one as-
sumes the cumulative risks and expense of three procedures.
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Sarcomas are very rare in premenopausal women and are het-
erogenous tumors, so directed biopsies may not be adequate
to make a diagnosis (128). Therefore, these procedures are
not included in the preoperative evaluation (129).

Fertility and Pregnancy After UAE

Potential fertility after UAE is uncertain, because an analysis
has not been performed of women who actively attempt and
achieve pregnancy after UAE. Nor have fertility rates after
UAE been compared with rates after myomectomy or with
those of untreated women who have similar myomas. And al-
though the risk appears to be low for women <40 years of
age, premature ovarian failure would be devastating in this
setting.

Nevertheless, pregnancies have been reported after UAE.
Of 34 pregnancies subsequent to UAE, 32% of women had
a spontaneous abortion (130). In a report of 164 women
desiring future fertility before UAE, during 24 months of
follow-up, 21 women achieved pregnancy, 4 (24%) had
a spontaneous abortion, 2 had elective terminations, and 18
had live births (131).

For women achieving pregnancy, one study reported that
6% had postpartum hemorrhage, 16% had premature deliv-
ery, and 11% had malpresentation (130). Another study re-
ported 8 term and 6 preterm deliveries, but 2 women had
placenta previa, and 1 woman had a membranous placenta.
It is not clear whether this apparent high incidence of abnor-
malities is related to an effect of UAE on endometrium or
a placental problem that is inherently found in women with
uterine myomas. As a result, some investigators recommend
early pregnancy sonography to look for placenta accreta
(131).

Although women achieve pregnancy and deliver healthy
infants after UAE that is performed to treat postpartum hem-
orrhage, subsequent healing and tensile strength of otherwise
normal myometrium is likely to be different than with in-
farcted myomas (132). Uterine rupture has not been reported
during pregnancy after UAE; however, uterine wall defects,
necrosis, and fistula have been reported, and integrity of the
uterine wall remains unknown (133–135). Therefore, out-
comes for UAE treatment of postpartum hemorrhage should
not be extrapolated to UAE treatment of myomas before
pregnancy.

Uterine Artery Occlusion

Alternative methods of uterine artery occlusion have been
developed that are both more and less invasive than UAE, in-
cluding laparoscopic uterine artery occlusion and noninci-
sional transvaginal uterine artery occlusion. Laparoscopic
occlusion has similar short-term results as UAE but requires
general anesthesia, is invasive, and requires a skilled laparo-
scopic surgeon. Transvaginal occlusion is performed by plac-
ing a specially designed clamp in the vaginal fornices and,
guided by Doppler ultrasound auditory signals, positioning
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it to occlude the uterine arteries. The clamp is left in place for
6 hours and then removed. Results are preliminary, but this
technique may develop into an alternative, noninvasive
method for decreasing myoma size (136, 137).

Magnetic Resonance Imaging–Guided Focused Ultrasound

Ultrasound energy can be focused to create sufficient heat at
a focal point so that protein is denatured and cell death oc-
curs. Concurrent MRI allows precise targeting of tissue and
monitoring of therapy by assessing the temperature of treated
tissue (138). The advantages of this procedure are a very low
morbidity and a very rapid recovery, with return to normal ac-
tivity in 1 day. Presently, the procedure is not recommended
for women who desire future fertility. Although initial studies
had treatment limited by the US Food and Drug Administra-
tion to approximately 10% of myoma volume, pathologic
examination of planned hysterectomy specimens docu-
mented necrosis in an area that was three times the treated
area (138). A 15% reduction in myoma size was reported 6
months after treatment, but only a 4% reduction was noted
at 24 months. An evaluation of clinical outcomes found
that 6 months after treatment, 71% of women had significant
symptom reduction, but at 12 months, about 50% still had
significant symptom reduction, and 23 (28%) of 82 evaluable
patients had undergone subsequent hysterectomy, myomec-
tomy, or UAE (139). Also, women actively sought out
MRI–guided focused ultrasound, and no control group was
included (sham MRI–guided focused ultrasound), so placebo
effect cannot be ruled out. One woman had a sciatic nerve in-
jury caused by ultrasound energy, and 5% had superficial skin
burns. It remains to be seen whether increases in treatment
areas will be associated with any increased risks. As the tech-
nology continues to develop, further studies will be needed
to evaluate the risks and efficacy of MRI–guided focused
ultrasound in the treatment of uterine myomas.

CONSIDERATIONS FOR MANAGEMENT OF UTERINE
MYOMAS

A woman’s individual circumstance, including myoma-
related symptoms and their effect on quality of life, desire
(or not) to preserve fertility, and her desires regarding care
should be considered before recommending therapy. Multi-
ple treatment options often exist, and on the basis of this
review, the following points may be considered.

For an asymptomatic woman who desires fertility, evalua-
tion of the uterine cavity with saline infusion sonography,
hysteroscopy, or MRI provides useful information regarding
the potential impact of myomas on fertility. If the cavity is not
deformed, myomas need not be treated, and conception may
be attempted. If the cavity is deformed, myomectomy (hys-
teroscopic or abdominal) can be considered. Laparoscopic
myomectomy may be offered by experienced laparoscopic
surgeons who have the ability to perform multilayered myo-
metrial closures.

For an asymptomatic woman who does not desire fertility,
observation (watchful waiting) should be considered. If there
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is concern that the uterus may be near at least one ureter at the
pelvic sidewall, renal ultrasound or intravenous pyelography
should be considered to rule out significant hydronephrosis.
Perhaps more frequently than once per year, an office visit
can be scheduled to review the patient’s symptoms and to
perform a pelvic examination to evaluate uterine size. If nec-
essary, sonographic evaluation of the ovaries can be per-
formed.

For a symptomatic woman who desires future fertility and
has abnormal bleeding as her primary symptom, a baseline
hemoglobin is useful because accommodation to anemia
can occur. If indicated, further evaluation of the endometrium
with endometrial biopsy or with dilatation and curettage can
be performed. Evaluation of the uterine cavity with saline-in-
fusion sonography, hysteroscopy, or MRI can help determine
the appropriate treatment options. If the cavity is deformed,
myomectomy (hysteroscopic or abdominal) should be con-
sidered. Laparoscopic myomectomy may be offered by expe-
rienced laparoscopic surgeons. If the symptoms of pain or
pressure (bulk symptoms) are present, and if the uterine
cavity is not deformed, myomectomy (abdominal or
laparoscopic) can be considered. If the cavity is deformed,
myomectomy by abdominal route should be considered.
Laparoscopic myomectomy may be offered by experienced
laparoscopic surgeons.

For a symptomatic woman who does not desire future fer-
tility, observation (watchful waiting) can be considered if no
treatment is desired at the time. A symptomatic perimeno-
pausal woman may desire observation until menopause,
when symptoms often diminish. If there is concern that the
uterus may be compromising the ureters, renal ultrasound
or intravenous pyelography should be performed. The pres-
ence of significant hydronephrosis indicates the need for
treatment. Symptoms suggestive of uterine sarcoma (irregu-
lar bleeding, pelvic pain, and uterine growth) can be evalu-
ated with MRI-gadolinium and lactate dehydrogenase (140).

If metrorrhagia is present, evaluation of the endometrium
with sonography, endometrial biopsy, or dilatation and curet-
tage should be considered. If the endometrium is normal,
a levonorgestrel intrauterine system or hysteroscopic myo-
mectomy and/or endometrial ablation may be appropriate
treatment. Myomectomy (abdominal or laparoscopic), hys-
terectomy (vaginal, laparoscopic or abdominal), or UAE
can be considered. For a woman with primarily myoma-re-
lated pain or pressure symptoms (bulk symptoms), myomec-
tomy, hysterectomy, UAE, or focused ultrasound (presently
limited by size and number of myomas) may be considered.
For a woman who chooses hysterectomy and who is not at
high risk of ovarian cancer, ovarian conservation should be
considered (141).
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EDITOR’S CORNER
New Hampshire House Bill 1719-FN. “An act defining
human life as beginning at the moment of fertilization
for the purposes of prenatal, pregnancy, and
maternity services and programs”
Paul D. Manganiello, M.D.

Department of Obstetrics and Gynecology, Division of Reproductive Endocrinology and Infertility, Dartmouth Hitchcock
Medical Center, Lebanon, New Hampshire

Recently, the author was asked by the New Hampshire State Medical Society to testify before the State of New
Hampshire’s House Judiciary Committee, to address a bill that would establish the definition of when human life
begins. Other states, such as South Dakota, recently passed a ban on abortion. Such legislation will severely limit
a woman’s ability to exercise her right to terminate her pregnancy. With the present composition of the US
Supreme Court, it seems possible that in the not-too-distant future there will be a successful challenge to Roe v
Wade. It is important that as health care providers we take the time to educate our public officials and general
citizenry about the complexity of such issues. The subsequent editorial will paraphrase the statement that was
delivered. Fortunately, the bill was defeated. (Fertil Steril� 2007;88:272–4. ©2007 by American Society for
Reproductive Medicine.)
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he author was asked to testify against the New Hampshire
ouse Bill 1719-FN. “An act defining human life as begin-
ing at the moment of fertilization for the purposes of
renatal, pregnancy, and maternity services and programs.”
s providers of women’s health, it is important that we

peak clearly and simply so as to better educate the citizens
nd legislators of our country and be willing to speak out
gainst such regressive legislation. Below is the paraphrased
ontent of the testimony.

Justice Harry Blackmun, who delivered the majority opin-
on of the US Supreme Court in Roe v Wade in 1973, stated,
We need not resolve the difficult question of when [human]
ife begins. When those trained in the respective disciplines
f medicine, philosophy, and theology are unable to arrive at
ny consensus, the judiciary, at this point in the development
f man’s knowledge, is not in a position to speculate as to the
nswer.”

As reproductive endocrinologists, we are medical practi-
ioners who specialize in the clinical area of medicine per-

eceived February 27, 2006; revised and accepted July 19, 2006.
he opinions and commentary expressed in Editor’s Corner articles are
solely those of the author. Publication does not imply endorsement by
the Editor or American Society for Reproductive Medicine.

eprint requests: Paul D. Manganiello, M.D., Professor, Department of
Obstetrics and Gynecology, Division Head, Reproductive Endocrinol-
ogy and Infertility, Dartmouth Hitchcock Medical Center, One Medical
Center Drive, Lebanon, NH 03756 (FAX : 603-650-0905; E-mail:
oPaul.D.Manganiello@Hitchcock.org).
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orming such assisted reproductive technologies as IVF and
T. As a faculty member of the Dartmouth Medical School

eaching medical students, I discuss various ethical topics
hat challenge reproductive endocrinologists on a daily basis:
bortion, embryo freezing, discarding excess embryos,
tem cell research, etc. There are many challenging ethical
ssues that confront not only the medical profession but
he business profession, journalism, as well as religion.

e all try to discern the “correct” way to act profession-
lly and/or individually.

We live in a pluralistic society, and fortunately our Con-
titution is not static and has allowed for the creation of
mendments to the original Constitution. There were a num-
er of amendments that were invoked in deciding Roe v
ade, but the one that seemed to carry most weight was the

4th amendment. Although “The Constitution does not ex-
licitly mention any right of privacy,” Justice Blackmun
rote, “This right of privacy, whether it be founded in the
ourteenth Amendment’s concept of personal liberty and
estrictions upon state action, as we feel it is, or as the
istrict Court determined, in the Ninth Amendment’s reser-
ation of rights to the people, is broad enough to encompass
woman’s decision whether or not to terminate her preg-

ancy.” Later, the Justice did go on to state that “The privacy
ight involved [therefore] cannot be said to be absolute
however]. In fact, it is not clear to us that the claim asserted
y some amici that one has an unlimited right to do with

ne’s body as one pleases bears a close relationship to the

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.07.1544
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ight of privacy previously articulated in the Court’s deci-
ions. The court has refused to recognize an unlimited right
f this kind in the past. . . (Vaccination [Jacobson v Massa-
husetts, 1905], and sterilization [Buck v Bell, 1927).”

What ultimately is the question here? Should a definition
f when “human” life begins be a private matter or be
ublicly mandated? The thesis of this editorial centers on the
ontroversies surrounding the beginning of “human” life and
s rooted in the questions concerning the process of ensoul-
ent (the acquisition of a nonphysical, spiritual life force):

1] do individuals acquire a soul, and, if so, [2] when does
he human soul come into existence? The answers to these
uestions cannot be gleaned from science. The answers are
ery personal and based almost entirely on individual beliefs
r religious doctrine. For those who do not believe in en-
oulment, for example, termination would be acceptable
ntil the time when the fetus could survive independently
rom the mother. For those who do believe in ensoulment,
he timing of that process dictates their personal decisions
or such questions as well. The question is not so much when
ife begins, which is easy, but the more difficult question of
hen “human” life begins. One is a physical question, the
ther a “metaphysical” question. This editorial will address
he complexities surrounding both the differences of reli-
ious doctrine and our knowledge through time of scientific
dvances.

Since Justice Blackmun acknowledged that because the
ight to privacy is not absolute, it may be an inherent weak-
ess of Roe v Wade to assume that a woman’s right to have
pregnancy terminated is protected by the interpretation of

his landmark case. A more convincing argument can be
ade by invoking the first amendment to the Constitution,

Congress shall make no law respecting an establishment
f religion. . . .” Our founding fathers had the foresight to
uild into the Constitution a formal separation of church
nd state (1).

There are many religions in our country, all of them
aving an opinion about the origins of human life. Even
ithin the major religious denominations (Roman Catholi-

ism, Protestantism, Judaism, Islam, Buddhism, [some may
nclude Atheism], etc.) there is a diversity of opinion. All
eligions draw the absolute line at birth (the spectrum of
eliefs for the origin of “human” life extends from con-
eption to the point of independent viability); no major
ecognized religion would hold that infanticide is ethi-
ally acceptable.

The official Roman Catholic statement, although not an
nfallible teaching (ex cathedra), states that “ensoulment”
ccurs at the time of conception, with the union of the sperm
nd the egg (2). This is relatively recent, appearing in Pope
ius XI’s 1930 marriage encyclical Casti Connubii where it
tated that abortion was a sin against life. In the early church,
ecause of a lack of medical knowledge, “quickening” (the
erception of fetal movement occurring at approximately

he fifth month), was thought by some to be the time when s

ertility and Sterility�
he fetus was considered “human.” St. Thomas Aquinas, an
arly Roman Catholic theologian (1300s), recognized the
hysical and spiritual dimensions of all living things—
lants, animals, and humans. He thought of the spiritual
imension as a soul. He also proposed a hierarchy whereby
uman life would demand more respect. He wrote that
uman life proceeds through developmental stages (homini-
ation) and, conversely, that it may end in various degener-
tive stages (3). Under such a scenario, the early embryo at
he time of fertilization would have a vegetative soul and
raw its nutrition from the mother. As the embryo continues
o develop, it attains a sensory, or an animate, soul. At some
ime in the developmental process, when God deems it
ppropriate, the organism is invested with a human soul. One
ould also infer that the converse may also occur, the “de-
ominization” of the person at the end of life. An extension
f this thought may apply today to those individuals who
nter into a coma without a chance of recovery. The “hu-
an” soul would depart, leaving the body with only a

egetative soul. This persistent vegetative state may last for
n indefinite time, until the heart fails and all bodily func-
ions cease.

A Hebrew perspective would be at the other end of the
pectrum of religious beliefs. For the practicing Jew, the debate
o have or not have an abortion is rooted in the context of the
ituation, as well as the temporal point of the pregnancy. If
he mother’s health is at risk (including a child with an
nomaly), not only would abortion be permitted, it may
ctually be encouraged. The embryo, and the fetus, is con-
idered a part of the mother’s body. The moral status of the
etus is based on the proximity to its own independent
iability; it does not have an equal moral status with the
other until the head of the baby is delivered (3). The beliefs

f the other religions lie between these two views.

Throughout time, world religions have needed to reconcile
heir belief systems to new scientific discoveries, two exam-
les being the centrality of the sun in our solar system (4)
nd the theory of evolution. Today is no different. The many
echnological advances of modern times have thrust on us
he imperative to reexamine the basis of our beliefs in the
ontext of new scientific discoveries.

In speaking to the legislators, it was recounted that it is
ow possible under the proper laboratory conditions to take
kin cells and have them grow outside the body when placed
n a culture medium. These cells are living. They have the
ame genetic code as the individual who was the source of
hose cells. Do they possess a human soul? On a higher level,
oes a person with an organ transplant, for example, a heart,
ave two souls? Exactly where does the soul reside, the
eart, the brain?

It was explained to the legislators that all the cells in our
ody contain a nucleus and that this compartment of the cell
ontains the genetic code for the individual. I related that
lthough no one has yet cloned a human, several animal

pecies have been cloned. Cloning begins with removal of
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he nucleus from any cell in the body of the individual
animal or human) that is to be copied. The nucleus is
emoved from a recipient egg cell; under proper laboratory
onditions, scientists are able to “coax” the recipient egg to
ake up the nucleus of the individual being cloned. When this
appens, the new cell begins to divide, creating many cells
nd the subsequent development of a new individual. Sperm
s not needed in this process. If our society were to drop its
rohibition against human cloning, our theological belief
ystems would have to reconcile the living beings thus
reated. Identical twinning (a type of natural cloning) occurs
hen a single embryo splits, usually during the first 14 days
f embryonic development. Siamese twins result when an
mbryo splits later in the process of embryonic development.
hen such splits occur, did the initial embryo have one soul

r two?

In summary, it is not the role of science to answer these
piritual questions. Although Jewish, Catholic, and the other
eligious writings and teachings may guide us in making
ecisions with a moral dimension, scientific information may

ot be able to assist in formulating a “correct” answer. All

274 Manganiello New Hampshire House Bill 1719-FN
ndividuals should have the right to take a personal stand on
ow they act. However, living in our pluralistic society
equires that we all remember the uncertainty surrounding
ome moral questions and the confusion that may be asso-
iated with scientific advances. We need always to be cog-
izant of the necessity to respect the choices of others if we
n turn want our choices to be respected. From the perspec-
ive of our Constitution’s defense of religious freedom, we
hould avoid making any official public statement of when
uman life begins.

cknowledgment: The author acknowledges Dr. Richard H. Reindollar for
is editorial comments.
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CONTROVERSY

Assisted reproductive technology practice patterns
and the impact of embryo transfer guidelines in the
United States
Judy E. Stern, Ph.D.,a Marcelle I. Cedars, M.D.,b Tarun Jain, M.D.,c Nancy A. Klein, M.D.,d

C. Martin Beaird,e David A. Grainger, M.D., M.P.H.,f William E. Gibbons, M.D.;g

A Society for Assisted Reproductive Technology Writing Group
a Dartmouth-Hitchcock Medical Center, Lebanon, New Hampshire; b Division of Reproductive Endocrinology and Infertility,

University of California, San Francisco, San Francisco, California; c Department of Obstetrics and Gynecology, University of

Illinois at Chicago, Chicago, Illinois; d Seattle Reproductive Medicine, Seattle, Washington; e Old Post Road Group LLC,

New York, New York; f Center for Reproductive Medicine, Wichita, Kansas; and g A Woman’s Center for Reproductive

Medicine, Baton Rouge, Louisiana

Objective: [1] To evaluate trends in number of embryos transferred and resultant high-order multiple (HOM) preg-
nancy rates by Society for Assisted Reproductive Technology (SART)-member clinics between 1996 and 2003 and
[2] to relate these practice patterns and outcomes to clinic compliance with SART–American Society for Repro-
ductive Medicine (ASRM) embryo transfer guidelines.
Design: Retrospective.
Setting: Society for Assisted Reproductive Technology–member fertility centers in the United States.
Patient(s): Five hundred thirty-six thousand, five hundred twenty-four fresh, nondonor IVF cycles.
Intervention(s): None.
Main Outcome Measure(s): Number of embryos transferred; pregnancy rates; implantation rates; and proportion
of singleton, twin, and HOM pregnancies.
Result(s): The number of embryos transferred declined each year. High-order multiple pregnancy rates also
declined, whereas the twin rates remained stable. The most pronounced declines in number transferred occurred
immediately after publication of SART-ASRM embryo transfer guidelines. After stratifying clinics according to
mean and modal number of embryos transferred, clinics transferring the fewest embryos in women <35 years
of age had the highest mean implantation and pregnancy rates. Furthermore, the percentage of clinics transferring
two embryos to a majority of women <35 years of age increased from 3.3% in 1996 to 49.9% in 2003.
Conclusion(s): The implementation of SART-ASRM embryo transfer guidelines is associated with significant re-
ductions in the number of embryos being transferred, along with reductions of HOM pregnancies. Initiatives to
further reduce twin pregnancies and encourage singleton gestation outcomes are outlined. (Fertil Steril�

2007;88:275–82. �2007 by American Society for Reproductive Medicine.)

Key Words: ART, IVF, multiple pregnancy, SART-ASRM guidelines, success rate
The increasing availability and use of assisted reproductive
technologies (ART) in the United States has allowed thou-
sands of infertile couples to experience the joy of family
building. Success, however, has come at the expense of an
increased incidence of multiple gestations, along with their
inherent maternal, neonatal, and pediatric complications
(1–3). Multiple gestations arise from limitations in our ability
to select the most competent embryos for transfer during IVF
treatment. This, combined with the desire to improve the
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chances for achieving a pregnancy, has led to the transfer
of multiple embryos in a single cycle.

In the early years of ART, implantation and pregnancy
rates were poor, often in the single digits. Thus, it was routine
to transfer multiple embryos, with transfer of four or more
being common. However, over the years, implantation rate—
the chance that any single embryo will implant—has contin-
ually increased as a result of improved knowledge regarding
ovarian stimulation, development of sophisticated culture
conditions, and more discriminating embryo selection. This
increase in implantation rate, without a concomitant decrease
in embryo transfer number, can result in an increased risk for
multiple births. Numerous studies have demonstrated the im-
portance of embryo transfer number on the risk for multiple
gestation, with a positive correlation between the incidence
Fertility and Sterility� Vol. 88, No. 2, August 2007 275
ociety for Reproductive Medicine, Published by Elsevier Inc.
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of multiple gestation and the number of embryos transferred
(4, 5).

The Society for Assisted Reproductive Technology (SART)
recognized this trend and, through review of SART-member
data, developed practice guidelines aimed at reducing high-
order multiple (HOM) pregnancies. The first such guidelines
were published in 1998 (6) and revised in late 1999 (7), with
further revisions in 2004 (8) that were aimed at reducing, and
ultimately eliminating, HOM pregnancies (Table 1).

The objective of this study is to evaluate the hypothesis that
there was a temporal relationship between the publication of
the 1998 and 1999 SART-ASRM embryo transfer guidelines
and ART outcomes at SART-member clinics. We also will
review the impact of near-complete compliance with these
guidelines in a subset of SART-member clinics to better
understand the benefits, problems, and implications of
restrictions on embryo transfer number.

MATERIALS AND METHODS

Before any federal mandate, SART began in 1985 to collect
and publish data from its member clinics. In 1992, the federal
government passed the Fertility Clinic Success Rate and Cer-
tification Act, requiring the Centers for Disease Control and
Prevention (CDC) to collect and publish ART success rates
annually (9). Beginning with the 1995 reporting year,
SART was asked to share its data with the CDC. During

TABLE 1
The SART-ASRM embryo transfer guidelines.

Publication
date

Patient
age (y)

Maximum
number of
cleavage-

stage embryos
to transfer

January 1998 <35 3
35–40 4
>40 5

November 1999 <35 2–3a

35–40 4
>40 5

September 2004 <35 1–2b

35–37 2–3b

38–40 3–4b

>40 4–5b

a Maximum of two embryos for patients with good-
quality embryos and sufficient quality and quantity
for cryopreservation.

b Lower maximum number of embryos to transfer for
patients with prior IVF success or for patients under-
going first IVF cycle, with good-quality embryos and
sufficient quality and quantity for cryopreservation.

Stern. Effect of guidelines on ART practice. Fertil Steril 2007.
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1997, SART developed a data collection system (SART Clin-
ical Outcome Reporting System) to collect annual ART data
for all ART clinics, whether or not those clinics were SART
members. The Society for Assisted Reproductive Technol-
ogy has continuously maintained a distinct member-only
ART data set for each year that data were collected. The
data set is fully deidentified, in accordance with Health
Insurance Portability and Accountability Act regulations. It
is these SART-only data that were analyzed in the current
study.

The study was approved by the Committee for the Protec-
tion of Human Subjects at Dartmouth College. It was written
in conjunction with the SART Research Committee and has
the approval of the SART Executive Council.

Only fresh embryo cycles using nondonor oocytes were
analyzed, according to previously described age ranges.
Trends in the number of embryos transferred were examined,
with special emphasis on changes in transfer patterns as they
related to published SART guidelines (Table 1).

For analysis of clinic quartiles, clinics were divided into
four groups according to mean number of embryos trans-
ferred in women <35 years of age. The one quarter of all
clinics with the lowest mean number transferred were defined
as quartile 1 and so forth to quartile 4, the clinics with the
highest mean number transferred. In addition, in a different
analysis, clinics were stratified over time by the modal
(most frequently occurring) number of embryos transferred
by age group.

Statistical analyses were performed with SPSS (SPSS,
Chicago, IL), with SAS (SAS Institute Inc., Cary, NC), and
with StatXact, version 7, from Cytel (Cytel Software
Corporation, Cambridge, MA). Significance was reached at
the P<.05 level.

RESULTS

Data presented are from fresh, nondonor oocyte cycles per-
formed at SART-member clinics. These clinics represent
the majority of all ART providers in the United States and
accounted for 93% of all ART cycles in 1997, increasing to
97% of all cycles in 2003.

Previous studies have detailed a reduction in the numbers
of embryos transferred in cycles from all US clinics that were
published in the CDC data set, which contains SART-
member as well as nonmember clinics (4, 5). Figure 1 depicts
the changes in numbers transferred at SART-member clinics
only. There was a marked reduction in the percentage of
cycles in which four or more embryos were transferred in
women <35 years of age between the years 1996 and 2003
(Fig. 1A). The percentage declined from 58% in 1996 to
12% in 2003 (z ¼ 110.21, P<.001). This was mirrored by
an increase in the percentage of transfers of one or two
embryos, from 13% of transfers in 1996 to 54% of transfers
in 2003 (z ¼ �89.94, P<.001). The percentage of cycles
with transfer of three embryos changed only slightly, from
Vol. 88, No. 2, August 2007



FIGURE 1

Percentage of cycles for each year in which a given number of embryos were transferred (ET): red squares,
1 or 2 embryos; yellow diamonds, 3 embryos; and green triangles, R4 embryos. (A) Women <35 years of age;
(B) women 35 to 37 years of age; (C) women 38 to 40 years of age; and (D) women >40 years of age.
The percentage of women with R4 embryos transferred declined for each of the first 3 age groups.

Stern. Effect of guidelines on ART practice. Fertil Steril 2007.
30% to 34% (z ¼ �10.77, P<.001). Similar, though less
pronounced, patterns in numbers transferred were seen in
the 35–37 and 38–40 year old age groups (Fig. 1B and C),
but not in the >40-year-old age group (Fig. 1D).

FIGURE 2

Percentage of HOM births (triplets or greater) for
each year in age groups of women <35 years, 35 to
37 years, 38 to 40 years, and >40 years. Percentage
of HOM births declined in the <35 and 35- to 37-
year-old groups.

Stern. Effect of guidelines on ART practice. Fertil Steril 2007.
Fertility and Sterility�
As the numbers of embryos transferred declined over the
years, the percentage of HOM deliveries at SART-member
clinics also declined over time in the<35-year-old age group,
z ¼ 10.61, P<.001 (Fig. 2). By contrast, the percentage of
singletons increased from 1996 to 2003, whereas twin rate
remained the same (data not shown). High-order multiple
pregnancy rates in women 35–37 years of age showed
a smaller but significant decline over this time period,
z ¼ 4.20, P<.001. There was no change in the 38- to 40-
year-old group, z ¼ 0.50, P¼.617.

To assess whether the change in numbers transferred was
related to the publication of the SART-ASRM guidelines,
we calculated the rate of change in numbers transferred be-
tween 2 consecutive years. Figure 3 presents the percentage
of transfers that fell outside a liberal application of the
SART-ASRM 1998 and 1999 guidelines for each age range
and each year. As shown in Table 1, the guidelines first
were published in January of 1998 and then were updated
and republished in November of 1999. Because these original
guidelines suggested that women <35 years of age have no
more than three embryos transferred, the graph (Fig. 3A) rep-
resents the percentage who had four or more transferred. Per
the guidelines for older age groups, the percentages for 35- to
37-year-olds, 38- to 40-year-olds, and 41- to 42-year-olds are
for cycles transferring five or more embryos. The data in the
table below the graph (Fig. 3B) are rates of change. This rate
277



was calculated as the percentage change from one year to the
next in the number of transfers outside the guidelines (from
above criteria). The numbers show that the most dramatic
rates of change were between 1997 and 1998, the year imme-
diately after the January 1998 publication of the guidelines,
and between 1998 and 1999, the 1st full year after publication.
The percentage of transfers outside of guidelines has contin-
ued to drop in all years for all ages subsequent to that time.

To analyze individual clinic compliance with published
guidelines, we assigned clinics into groupings on the basis
of numbers of embryos transferred in women <35 years of
age. The analysis in Table 2 shows the implantation, delivery,
and multiple rates for these clinic quartiles. The mean num-
ber of embryos transferred per cycle declined between
1996 and 2003 in all quartiles. Because the division of clinics
into quartiles was done on the basis of the mean number
transferred, all other information in the table are descriptive
of the groups defined by this parameter.

In 1996, there were 297 SART-member clinics, with ap-
proximately 74 assigned to each quartile. By 2003, there
were 371 SART-member clinics, with approximately 93 in

FIGURE 3

Effect of the 1998 guidelines on embryos transferred.
(A) Percentage of transfers meeting the following
criteria: for age <35 years, the percentage of cycles
in each year with R4 embryos transferred is shown;
for age groups 35–37 years, 38–40 years, and 41–42
years, the percentage of cycles in each year with R5
embryos transferred is shown. The vertical dotted
line represents the year that the guidelines were first
published (1998, in January). (B) Data are rates of
change for each of those 4 age groups, calculated as
the percentage difference between 2 consecutive
years.

Stern. Effect of guidelines on ART practice. Fertil Steril 2007.
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each quartile. Of 87 clinics in quartile 4 in 1999, only 24
remained in that quartile for the following 4 years (data
not shown). The numbers of cycles were higher in quartile 1
than in quartile 4 in all years. Thus, the average number of
cycles per clinic was higher in quartile 1 than in quartile 4.
This disparity has increased over time.

The lowest implantation rates were consistently in the
quartile in which the greatest numbers of embryos were trans-
ferred. Implantation rates were thus higher in quartile 1 in all
years. The greatest change in implantation rate between 1996
and 2003 occurred in quartile 1, which also was the quartile
that transferred the fewest embryos. Delivery rates and
singleton rates increased in each quartile over these years.
Delivery rates tended to be higher in quartile 1 in most years.

High-order multiple pregnancy rate declined in all groups
but most dramatically in quartiles 1 and 2. In quartile 1, for
example, triplet rate changed from 7.9% in 1996 to 2.2% in
2003. Quartiles 3 and 4 had the highest rates of HOM preg-
nancies and continued to have the highest rates through
2003. In quartile 4, the triplet rate was 7.6% in 1996 and
was still 6.6% in 2003. The rate of quadruplets or higher
for this quartile was 1.4% in 1996 and 0.3% in 2003. Twin
rate did not change over time in any quartile.

Clinic practice was further analyzed by calculating the
modal number of embryos transferred (Fig. 4). The mode
provided an indicator of a given clinic’s typical practice for
numbers of embryos transferred in each age group. Shown
on the y axis is the percentage of member clinics transferring
two, three, four, and five or more embryos in the majority of
embryo transfers. Subsequent to 1998, there was a dramatic
increase in the percentage of clinics with a mode of two em-
bryos transferred, whereas the percentage of clinics transfer-
ring four or more fell (Jonckheere-Terpstra test for doubly
ordered data, t* ¼ �27.19, P<.001). Similar, though less
pronounced, trends were observed for the 35- to 37- and
the 38- to 40-year-old age groups (t* ¼ �18.05, P<.001;
and t* ¼ �10.23, P<.001, respectively).

DISCUSSION

The 1998 and 1999 SART-ASRM embryo transfer guide-
lines, which primarily were focused on reducing the HOM
rate, appear to have been successful in this regard. Between
1996 and 2003, there was a marked decline in the percentage
of cycles in which four or more embryos were transferred.
Coincident with this reduction was an increase in the percent-
age of transfers of one or two embryos. These trends were ac-
companied by a reduction over time in the rate of HOM
pregnancies in the <35- and the 35- to 37-year-old age
groups. Although rates of HOM have fallen, studies have
shown that the absolute numbers of HOM initially increased.
This is to be expected because the numbers of ART cycles
have more than doubled since 1996, increasing the total abso-
lute number of ART pregnancies. In recent years, however,
the number of HOM, as well as the previously documented
rates, appear to have plateaued (2, 4).
Vol. 88, No. 2, August 2007



TABLE 2
Division of clinics by quartile according to number of embryos transferred: women <35 y of age.

Variable
Clinic

quartile 1996 1997 1998 1999 2000 2001 2002 2003

Mean embryos transferred 1 3.12 2.98 2.75 2.47 2.43 2.32 2.24 2.18
2 3.59 3.48 3.14 2.84 2.81 2.75 2.63 2.50
3 4.07 3.94 3.60 3.22 3.12 3.08 2.95 2.82
4 4.87 4.70 4.36 4.01 3.79 3.64 3.49 3.37

Implantation rate (%)a 1 20.7 24.5 25.9 25.9 28.5 31.3 33.3 34.1
2 17.7 19.5 23.1 26.4 24.8 26.4 28.2 29.3
3 15.2 17.0 19.5 21.3 19.9 23.8 26.3 25.5
4 14.1 15.0 15.3 16.9 17.6 20.2 20.8 22.7

No. cycles 1 6,745 8,038 8,232 10326 12314 12335 13,569 14,375
2 4,955 6,040 8,664 7,915 8,816 10,742 10,631 11,572
3 4,977 5,372 5,310 6,377 6,227 6,209 5,804 7,281
4 3,684 3,374 4,024 3,864 4,674 5,549 6,058 5,450

Delivery rate (%)b 1 30.0 34.1 34.5 31.5 36.1 37.3 39.5 40.0
2 28.4 29.6 32.5 36.4 33.8 36.2 36.8 37.7
3 26.8 28.3 32.2 31.8 28.8 34.2 36.8 35.4
4 28.5 29.6 27.5 29.2 29.7 32.9 34.2 35.5

Singleton rate (%) 1 58.0 57.2 59.8 61.7 63.3 62.4 63.1 63.6
2 58.8 55.1 56.3 57.5 60.3 61.0 59.8 62.1
3 55.2 56.8 58.5 58.5 61.7 59.2 60.6 59.8
4 54.9 55.0 53.5 55.7 56.5 54.4 58.5 56.9

Twin rate (%) 1 33.7 35.9 33.4 33.8 33.2 34.9 34.4 34.2
2 31.5 35.7 35.9 36.0 33.9 34.6 35.6 34.7
3 36.5 33.8 31.5 34.4 32.6 34.6 33.4 35.4
4 36.1 36.2 36.8 37.1 34.9 38.9 35.1 36.3

Triplet rate (%) 1 7.9 6.8 6.6 4.3 3.5 2.7 2.4 2.2
2 9.1 8.7 7.3 6.3 5.7 4.4 4.5 3.1
3 7.2 8.6 9.1 6.7 5.4 6.0 5.8 4.7
4 7.6 7.4 9.0 6.5 7.9 6.4 5.9 6.6

>Triplet rate (%) 1 0.4 0.2 0.2 0.2 0.0 0.0 0.1 0.0
2 0.6 0.5 0.4 0.2 0.1 0.1 0.1 0.1
3 1.0 0.9 0.9 0.4 0.3 0.5 0.1 0.1
4 1.4 1.4 0.6 0.8 0.7 0.3 0.4 0.3

a Fetal hearts per embryo transferred.
b Deliveries per cycle.

Stern. Effect of guidelines on ART practice. Fertil Steril 2007.
Reduction in number transferred and in HOM rate over
time was demonstrated elsewhere by Jain et al. in 2001 (4).
The current article has both confirmed and extended this pre-
vious result. In the Jain et al. article (4), the investigators ex-
tracted data for analysis from the CDC Web site because they
did not have access to the raw data in the original data set.
This prevented them from being able to look at the same
age categories in 1996 as they did from 1997 onward. Further,
the percentage of singletons needed to be calculated from the
Fertility and Sterility�
published data because these were not present in the CDC re-
ports. By using the SART-maintained data set, we were able
to confirm the Jain et al. (4) analysis and extend the findings
for several more years through 2003. In addition, we were
able to further analyze the data to gain more information
about clinic practice, information that was not available to
the previous investigators. This enabled us to look at clinic
quartiles (Table 2) and the percentage of clinics that trans-
ferred mostly two, three, or four embryos in each age group
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(Fig. 4). Both of these factors allowed us to better discern the
impact of clinic-specific practices on numbers transferred
over time.

We correlated the reduction in numbers transferred to the
publication of the 1998 and 1999 SART-ASRM embryo trans-
fer guidelines. Figure 3 showed that the most dramatic reduc-
tions in number transferred were between 1997 and 1999, the
years after the first publication of the voluntary guidelines.

FIGURE 4

Modal numbers transferred: percentage of clinics.
The y axis is the percentage of clinics in each
category, where categories are the modal number of
embryos transferred. A mode of 2 means that in each
clinic for that age category, the most frequently
transferred number was 2 embryos. Shown are the
percentage of clinics with a mode of 2 (red
diamonds), a mode of 3 (blue squares), a mode of 4
(green triangles), and a mode of R5 (yellow circles).
(A) Women <35 years of age, (B) women 35 to 37
years of age, and (C) women 38 to 40 years of age.

Stern. Effect of guidelines on ART practice. Fertil Steril 2007.
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Pronounced decreases in the percentage of transfers outside
of guidelines begin to be seen between the year 1997, which
is the year before the guidelines, and 1998, which is the year
of the first expected impact of these guidelines. The guide-
lines were published in January of 1998 (6), so the impact
would be expected in that calendar year. There was then
a greater impact, as shown by a more dramatic decrease in
transfers outside this range for the 1998–1999 years, when
the guidelines were made more strict (7). These decreases ap-
pear in all age ranges. Although decreases continued to occur
in numbers transferred in subsequent years, they were never
again as high as in those initial years, suggesting that the
guidelines have indeed had an effect.

The effect of the guidelines is further supported by a steady
increase, from 1998 onward, in the percentage of clinics
whose most frequent number of embryos transferred in
women<35 years of age was two (Fig. 4). There was a simul-
taneous drop in the percentage of clinics in this age group that
most frequently transferred four or five embryos. For the
35- to 37-year-old age group, the increase is apparent in the
mode of three embryos, rather than two. This is consistent
with the fact that the guidelines permitted a greater number
of embryos to be transferred in this age group (6, 7).

Although our findings in this study suggest a correlation
between the guidelines and the change in number transferred,
they do not ensure causation. Success of ART improved over
the decade of the 1990s, resulting from improvements in all
aspects of ART but particularly in culture conditions in the
laboratory, such as air quality improvements, new media,
and standardization of procedures (10, 11). It was the recog-
nition of the effect of these improvements on implantation
rates and the accompanying increases in HOM rates that
brought about the process resulting in the guidelines. Practi-
tioners of ART, through SART, acted proactively to respond
in a unified manner and encourage US ART clinics to lower
multiple-pregnancy rates. Although some clinics might have
acted alone to reduce the HOM rates, it is not likely that this
would have occurred as quickly or as universally without in-
troduction of the guidelines. The marked change in practice
patterns after release of the guidelines (Fig. 3) suggests that
at the very least, the guidelines provided substantial encour-
agement to the process of reducing the number of embryos
transferred. As other changes in practice, such as blastocyst
transfer, have emerged, the goals have remained those pro-
moted by the guidelines, which are to keep HOM rates as
low as possible. This process has continued to evolve with
the recent release of the 2006 guidelines emphasizing trans-
ferring only a single embryo in the youngest group of women
with favorable prognosis (12).

Our quartile analysis of clinic-specific practice according
to numbers of embryos transferred suggests that some clinics
more completely follow the SART-ASRM guidelines than do
others. There may be many reasons for this difference. One
potential reason could be program quality, as reflected in
implantation rates. The numbers in Table 2 clearly show
that higher implantation rates directly correlate with lower
Vol. 88, No. 2, August 2007



numbers transferred. It is possible that clinics in the 3rd and
4th quartiles maintain ‘‘respectable’’ pregnancy rates by in-
creasing the number of embryos transferred. Unfortunately,
these quartiles also demonstrated the highest rate of, and least
improvement in, HOM.

Another, associated reason for the correlation between
lower pregnancy rates and more embryos transferred could
be patient selection. It is well known that high FSH and
other clinical parameters reduce ART pregnancy rates
(13). Some clinics may limit the number of so-called poor-
responder patients to result in higher implantation and preg-
nancy rates, whereas other clinics do not. Although this may
make for a difference in the number transferred in a subset
of cycles, it does not explain the tendency of a small group
of clinics to routinely transfer four or five embryos, even in
women <35 years of age (Fig. 4). It could however, be
a partial explanation, differentiating between those clinics
that transfer three embryos in the majority of cases and
those transferring two.

Overt and subtle pressures impinge on physicians who de-
sire to achieve higher fresh-embryo pregnancy rates. Some
pressures relate to how one’s clinic success rates, vs. those
of one’s colleagues, appear in the published CDC Success
Rate Report (14). The goal of publication of this database
has been touted as patient education and awareness. Never-
theless, the CDC report may serve a negative function by im-
pacting physician behavior as driven by fears of patient
interpretation, and misinterpretation, of the published data
(15). This in turn could lead to both increased selection of
high-responder patients and increased pressure to transfer
more embryos.

Additional pressures that make it difficult to further reduce
the numbers of embryos transferred are patient desires and
cost. These are both linked and separable. Some patients ex-
press a specific preference for twins, to ‘‘create a whole fam-
ily from one cycle.’’ For other patients, those who begin their
journey to parenthood at a later age, time to conception also
becomes a primary motivation for transferring greater num-
bers of embryos. Poor insurance coverage results in families
having to prioritize utilization of resources, if they can afford
ART at all. Patients, particularly those paying out of pocket,
resist transferring fewer embryos because they are aware that
doing so can lower the pregnancy rate. Many patients, despite
education to make them aware of the risks, still opt for more
than the optimal number of embryos. Mandated insurance
coverage may help, because couples in states with mandates
have been more willing to accept lower transfer numbers, but
even this has not solved the problem (16).

Although our data show that HOM rate has decreased over
time, they also show that twin delivery rate has not changed.
The concerns about twin deliveries are that they have a higher
perinatal mortality rate, have lower Apgar scores, and more
often have congenital anomalies (17). Although ART single-
tons may have more problems than non-ART singletons,
ART twins vs. spontaneous twins are not at increased risk
Fertility and Sterility�
of perinatal complications (18). As we characterize the issues
relating to ART twin multiple gestations, we can now look to
refocus embryo transfer strategies to reduce twin gestations.
The task of reducing twin gestations, while preserving fresh-
embryo transfer rates, may be far more difficult than that of
reducing HOM.

For some, the solution to the problem of multiple gestation
in ART is simple: transfer only one embryo. If the solution is
to limit transfer to one embryo, our ability to make the selec-
tion of the best embryo for transfer will need to be improved.
This requires knowledge of normality and health of the em-
bryo at an early stage. Embryo morphology, which is the
most commonly used, subjective, passive mechanism for se-
lecting embryos, only loosely correlates with higher implan-
tation potential (19).

Over the last decade, our understanding of assisted repro-
duction has been advanced through information gleaned from
preimplantation genetic diagnosis via aneuploidy evaluation
of biopsied blastomeres. A high rate of aneuploidy that in-
creases with oocyte age has been demonstrated by fluorescent
in situ hybridization analysis (20). However, the predictive
value of fluorescent in situ hybridization to select the best em-
bryo for transfer has been limited by the common phenome-
non of mosaicism (the variation among cells of an embryo)
and the observation that some self-correction of aneuploidy
is possible (20, 21). Although fluorescent in situ hybridiza-
tion evaluation has advanced our understanding, it has not
yet fulfilled the promise to be the bottom line for embryo se-
lection (22, 23).

Several further strategies have been used to identify the so-
called best embryo. An increasingly popular technique has
been to increase time in culture so that embryo self-selection
occurs. Gardner et al. (24) and Criniti et al. (25) have
described paradigms for elective single-embryo transfer.
The presumption is that genetically abnormal embryos would
arrest, whereas normal embryos would continue to the blasto-
cyst stage. However, some studies demonstrate that blasto-
cysts have aneuploidy rates similar to those of arrested
embryos (26, 27). Racowsky et al. (28) also have shown that
the process of self-selection may not be the best strategy for
every embryo, because embryos demonstrating less than
optimal cleavage rates may not continue developing to the
blastocyst stage, but if transferred on day 3, they may be
able to produce ongoing pregnancies. What remains clear
is that with our present state of knowledge, moving from
a global embryo-transfer policy of two to a policy of transfer
of one is likely to result in significant reduction in pregnancy
rates (29).

In summary, the numbers of embryos transferred over the
8-year period from 1996 to 2003 have declined significantly.
This has been accompanied by a steady reduction in the per-
centage of HOM, with the greatest change in embryo transfer
number occurring simultaneously with the publication of
SART-ASRM guidelines. These changes suggest that there
are voluntary steps that can have a significant impact on
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outcome. However, as we view the immediate future, we re-
alize that even the latest guidelines (published in 2006) will
not eliminate multiple births and allow us to reach our goal
of the delivery of a single healthy child for all patients.
This is largely because our ability to reduce twin gestations
without affecting pregnancy rates is limited when using cur-
rent embryo selection techniques. Although it is important to
seek continued progress on embryo selection, a comprehen-
sive remedy to the problem of multiple gestation will require
that we also address the socioeconomic issues that pressure
patients and physicians to transfer more embryos.
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Contemporary risks of maternal morbidity and
adverse outcomes with increasing maternal
age and plurality
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Objective: To evaluate the risks of pregnancy complications and adverse outcomes associated with increasing
maternal age and higher plurality.
Design: Population-based, historic cohort study.
Setting: US birth certificates and infant death certificates.
Patient(s): Live births of �20 weeks gestation between 1995–2000: 22,991,306 singleton, 316,696 twin, and
12,193 triplet pregnancies.
Intervention(s): None.
Main Outcome Measure(s): Pregnancy-associated hypertension, incompetent cervix, tocolysis, premature rupture
of membranes, excessive bleeding at delivery, delivery �29 weeks, and infant death.
Result(s): Compared to singletons, the risks for all adverse outcomes among multiple pregnancies were
significantly elevated, and were highest for tocolysis, delivery �29 weeks, and infant mortality. Within
pluralities, increasing maternal age was associated with significantly higher risks of pregnancy-associated
hypertension, excessive bleeding, and incompetent cervix, but for twin and triplet pregnancies, significantly lower
risks for tocolysis (ages �40, singleton adjusted odds ratio [AOR] 0.97, twin AOR 0.67, triplet AOR 0.72),
delivery �29 weeks (ages �40, singleton AOR 1.55, twin AOR 0.72, triplet AOR 0.52), and infant mortality
(ages �40, singleton AOR 1.34, twin AOR 0.71, triplet AOR 0.42).
Conclusion(s): Older maternal age and higher plurality are each associated with increasing risks for many
pregnancy complications, but with significantly lower risks of tocolysis, early preterm birth, and infant mortality.
(Fertil Steril� 2007;88:283–93. ©2007 by American Society for Reproductive Medicine.)

Key Words: Maternal age, multiple pregnancy, pregnancy complications, early preterm birth, infant mortality
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n 2004, there were 139,494 infants born from multiple preg-
ancies in the United States, the highest number ever recorded
1). The incidence of multiple births has risen dramatically
ince 1980, with an 93% increase in twins and a 544% increase
n triplet and higher order births (quadruplets and quintuplets).
uring this same time period the percent of births among
omen �40 has increased �3-fold for singletons, 6-fold for

wins, and nearly 12-fold for triplet and higher order multiples
1). Factors for this rapid rise include the widespread use and
vailability of infertility treatments, in combination with the
rend of childbearing at older ages. Compared to singletons,
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nfants of multiple pregnancies are much more likely to be born
arly preterm and very low birthweight, important well-docu-
ented factors that contribute to their excess morbidity and
ortality (2–4). In contrast, far less is known about how mul-

iple pregnancy affects the health of the mother. The contem-
orary population conceiving multiples includes a dispropor-
ionate number of older nulliparous women who, by virtue of
heir age and parity, are at higher risk for developing hyperten-
ion, preeclampsia, and gestational diabetes. These risks are
agnified with a multiple pregnancy. Women pregnant with
ultiples are nearly six times more likely to be hospitalized

uring pregnancy, and more than twice as likely to be admitted
o intensive care compared to women pregnant with singletons
5–8). These hospital-based studies, though, are limited by their
mall sample size, lack of socioeconomic and racial diversity,
nd frequent failure to control for such potentially confounding
actors as age and parity. The purpose of this study was to
evelop nationally representative, population-based estimates

f the increased risk of maternal morbidity associated with
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ultiple pregnancy. We hypothesized that, compared to
omen pregnant with singletons, women pregnant with mul-

iples experience excess morbidity that further increases with
ach additional fetus, and is greatest at the extremes of
aternal age.

ATERIALS AND METHODS
he data sets for this study include the Birth Cohort Linked
irth/Infant Death Data Set (1995–2000) and the Matched
ultiple Birth Data Set (1995–2000) from the National
enter for Health Statistics. For the Linked Birth/Infant
eath Data Set, the birth certificates are linked to the infant
eath certificates, if the death occurred before 1 year of age.
he Matched Multiple Birth Data Set reconstructs sibling
ets in multiple pregnancies, also linking birth certificates to
eath certificates for infant deaths. For both of these datasets
he most recent data available are from 1995–2000. Because
he Birth Cohort Linked Birth/Infant Death Data Set includes

record for each live birth, the data were limited to only
ingleton births. In the Matched Multiple Birth Data Set
nfant death of one or more infants was identified, then the
ata was limited to the first birth within the dataset to avoid
uplication of maternal characteristics. Both data sets were
hen combined, resulting in maternal and pregnancy-specific
ata on all singleton, twin, and triplet live births 20 weeks
estation or greater from 1995–2000. Analyses were con-
ucted with and without women with diabetes or chronic
ypertension. The characteristics of this dataset are given in
able 1. Institutional Review Board approval was not sought

or this study because we used a public-use, de-identified
ataset, which is exempt research.

efinitions of Maternal Risks
he maternal risks evaluated in this study, as reported on the
irth certificate (1), included: Medical risk factors: diabe-
es: metabolic disorder characterized by excessive discharge
f urine and persistent thirst, includes juvenile onset, adult
nset, and gestational diabetes during pregnancy; chronic
ypertension: blood pressure persistently �140/90 diag-
osed before onset of pregnancy or before the 20th week of
estation; pregnancy-associated hypertension: an increase in
lood pressure of at least 30 mm Hg systolic or 15 mm
iastolic on two measurements taken 6 hours apart after the
0th week of gestation; incompetent cervix: characterized by
ainless dilation of the cervix in the second trimester or early
n the third trimester of pregnancy, with premature expulsion
f membranes through the cervix and ballooning of the
embranes into the vagina, followed by rupture of the
embranes and subsequent expulsion of the fetus. Compli-

ations of labor and delivery: tocolysis: use of medications
o inhibit preterm uterine contractions to extend the length of
regnancy and, therefore, avoid a preterm birth. Premature
upture of membranes (�12 hours): rupture of the mem-
ranes at any time during pregnancy and �12 hours before

he onset of labor. All excessive bleeding in labor and m

284 Luke and Brown Maternal age and plurality morbidity
elivery: this risk was calculated as including the risk factors
f abruptio placenta, placenta previa, and other excessive
leeding during labor and delivery.

The nine risks (diabetes, chronic hypertension, pregnancy-
ssociated hypertension, incompetent cervix, tocolysis, pre-
ature rupture of membranes, excessive bleeding in labor

nd delivery, delivery �29 weeks, and infant death of one or
ore babies) were calculated as percents of plurality-specific

irths. Mantel-Haenszel (9) odds ratios and 95% confidence
ntervals were computed for each of these factors, adjusting
or maternal age (in years, �20, 20–24, 25–29, 30–34,
5–39, and �40), race (White, Black, and others), parity (0,
–3, �4), and smoking status (smokers, nonsmokers, and
nknown). Controlling for maternal education, trimester of
renatal care, and marital status did not significantly change
he results (data not shown), and therefore, the reported
esults are based on adjusting for the original four factors.
he risks did not differ significantly with or without the
omen with diabetes or chronic hypertension, although both

ets of analyses are shown for comparison. The reference
roup was singletons. These data are presented in Table 2.

aternal Age-Specific Risks
aternal morbidity, including the risks for complications of

regnancy and labor and delivery, delivery �29 weeks ges-
ation, and infant death of one or more babies, was then
valuated by maternal age categories within each plurality,
ith age 25–29 years as the reference group. The results are
iven in Tables 3 and 4. The adjusted odds ratios (AORs)
ere computed as described above except that age was not

ncluded in the adjustment.

ESULTS
he study population included 22,991,306 singleton,
16,696 twin, and 12,193 triplet pregnancies. As shown in
able 1, all maternal characteristics differed significantly
cross pluralities, with mothers of multiples more likely to
e older, White, of lower parity, higher education, nonsmok-
rs, and married. Compared to singletons, mean gestation
as 3.5 weeks shorter for twins and 7.0 weeks shorter for

riplets. Delivery �29 weeks occurred in 0.7% of singletons
irths compared to 5.6% of twin births and 17.1% of triplet
irths.

The comparison of risk factors by plurality is given in
able 2. The highest increased risks for multiples compared

o singletons (AORs �3.0 for both twins and triplets) were
or incompetent cervix, tocolysis, delivery �29 weeks of
estation, and infant mortality. Risk factors by maternal age
ithin each plurality are given in Tables 3 and 4. Factors that
enerally increased with maternal age within each plurality
ncluded pregnancy-associated hypertension, and excessive
leeding in labor and delivery, while tocolysis decreased with
aternal age within each plurality. The major differences by

aternal age within pluralities were for premature rupture of
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TABLE 1
Live births by maternal characteristics and plurality, 1995–2000.a

Study population
Characteristic (N)

All women Women without diabetes or chronic hypertension

Singletons Twins Triplets
P value

Singletons Twins Triplets
P value(22,991,306) (316,696) (12,193) (21,982,911) (298,172) (11,075)

Maternal age (years) 27.0 (6.2) 28.9 (6.1) 31.8 (5.1) �.0001 26.9 (6.1) 28.8 (6.1) 31.7 (5.2) �.0001
Maternal age groups (%) �.0001 �.0001

�20 12.7 6.8 1.5 13.0 7.1 1.5
20–24 24.8 19.0 6.4 25.1 19.3 6.7
25–29 27.3 26.8 23.1 27.3 27.0 23.3
30–34 22.7 28.4 40.5 22.4 28.2 40.5
35–39 10.4 15.6 23.1 10.1 15.2 22.6
�40 2.1 3.4 5.5 1.9 3.2 5.4

Maternal race (%) �.0001 �.0001
White 83.7 81.8 90.6 79.1 79.0 89.4
Black 15.0 16.7 7.7 15.5 17.2 7.9
Other 1.3 1.5 1.7 5.4 3.8 2.7

Maternal parity (%) �.0001 �.0001
0 41.0 35.9 53.3 41.2 35.9 53.3
1–3 54.9 58.5 43.5 54.8 58.5 43.6
�4 4.1 5.6 3.2 4.0 5.6 3.1

Maternal education (years, %) �.0001 �.0001
�12 54.4 46.1 26.0 54.5 46.3 26.2
�12 55.8 47.5 27.7 44.1 52.3 72.2
Unknown/not stated 1.4 1.4 1.7 1.3 1.4 1.6

Marital status (%) �.0001 �.0001
Married 67.2 72.3 90.7 66.9 72.0 90.5
Unmarried 32.8 27.5 8.7 33.1 27.8 9.0
Unknown/not stated 0.0 0.2 0.6 0.0 0.2 0.6

Trimester care began (%) �.0001 �.0001
First or second 93.9 94.3 94.2 94.0 94.4 94.2
Third or no care 3.8 2.6 1.1 3.8 2.5 1.2
Unknown/not stated 2.3 3.1 4.7 2.2 3.0 4.6

Smoking during pregnancy (%) �.0001 �.0001
Smoker 9.7 8.6 2.8 9.8 8.7 3.0
Nonsmoker 69.9 73.7 81.7 70.0 73.9 82.1
Unknown/not stated 20.4 17.7 15.5 20.2 17.4 14.9

Length of gestation (weeks, SD) 38.9 (2.5) 35.5 (3.6) 32.0 (4.0) �.0001 39.0 (2.5) 35.5 (3.6) 32.0 (4.0) �.0001
a Data presented as means (SD) or precentages.
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TABLE 2
Comparison of pregnancy complications and adverse outcomes for twins and triplets versus singletons.a

All women

Singletons Twins Triplet

Percent AORa Percent AORa 95% CI P value Percent AORa 95% CI P value

Diabetes 2.70 1.00 3.57 1.23 1.20–1.25 �.0001 6.29 2.05 1.89–2.22 �.0001
Chronic hypertension (�20 weeks) 0.75 1.00 1.07 1.28 1.23–1.33 �.0001 1.34 1.46 1.23–1.73 �.0001
Pregnancy-associated hypertension 3.75 1.00 8.13 2.33 2.30–2.36 �.0001 11.17 2.79 2.62–2.96 �.0001
Incompetent cervix 0.24 1.00 0.91 3.47 3.33–3.62 �.0001 4.69 18.57 16.93–20.38 �.0001
Tocolysis 2.06 1.00 8.55 4.54 4.47–4.60 �.0001 21.10 13.27 12.65–13.92 �.0001
Premature rupture of membranes

(�12 hours)
2.68 1.00 6.17 2.39 2.35–2.43 �.0001 9.61 3.36 3.15–3.59 �.0001

All excessive bleeding in L&Db 1.38 1.00 2.68 1.91 1.86–1.95 �.0001 3.95 2.82 2.55–3.11 �.0001
Delivery �29 weeks gestation 0.76 1.00 5.59 8.00 7.86–8.15 �.0001 16.90 32.59 30.91–34.35 �.0001
Infant death of one or more babies 0.61 1.00 2.42 4.17 4.07–4.28 �.0001 6.17 13.26 12.22–14.38 �.0001

Women without diabetes or
chronic hypertension

Singletons Twins Triplet

Percent AORa Percent AORa 95% CI P value Percent AORa 95% CI P value

Pregnancy-associated hypertension 3.40 1.00 7.79 2.45 2.42–2.48 �.0001 11.17 3.04 2.86–3.22 �.0001
Incompetent cervix 0.22 1.00 0.85 3.45 3.32–3.60 �.0001 4.66 19.81 18.12–21.66 �.0001
Tocolysis 1.97 1.00 8.27 4.56 4.49–4.62 �.0001 20.59 13.30 12.70–13.93 �.0001
Premature rupture of membranes

(�12 hours)
2.58 1.00 6.11 2.44 2.40–2.48 �.0001 10.00 3.61 3.39–3.84 �.0001

All excessive bleeding in L&Db 1.32 1.00 2.61 1.93 1.89–1.98 �.0001 3.85 2.83 2.57–3.12 �.0001
Delivery �29 weeks gestation 0.73 1.00 5.57 8.10 7.97–8.24 �.0001 17.11 33.89 32.21–35.66 �.0001
Infant death of one or more babies 0.59 1.00 2.42 4.21 4.11–4.31 �.0001 6.24 13.58 12.56–14.69 �.0001
Note: AOR � adjusted odds ratio, CI � confidence interval, L&D � labor and delivery.
a Models adjusted for maternal age, race, parity, and smoking status.
b Includes abruptio placenta, placenta previa, and other excessive bleeding during labor and delivery.
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TABLE 3
Complications of pregnancy, delivery, and infant mortality by maternal age and plurality, all women.

Factor Age

Singletons Twins Triplets

Percent AORa 95% CI P value Percent AORa 95% CI P value Percent AORa 95% CI P value

Diabetes �20 0.87 0.30 0.30–0.30 �.0001 1.02 0.31 0.26–0.36 �.0001 3.36 0.60 0.25–1.43 .26
20–24 1.70 0.61 0.61–0.62 �.0001 2.02 0.62 0.58–0.67 �.0001 3.81 0.69 0.45–1.06 .09
25–29 2.68 1.00 — 3.23 1.00 — 5.56 1.00 —
30–34 3.57 1.37 1.36–1.38 �.0001 4.34 1.37 1.29–1.44 �.0001 6.22 1.13 0.91–1.40 .27
35–39 4.87 1.89 1.87–1.91 �.0001 5.19 1.64 1.54–1.75 �.0001 7.81 1.42 1.13–1.80 .003
�40 6.69 2.64 2.60–2.68 �.0001 7.03 2.24 2.03–2.46 �.0001 7.28 1.32 0.91–1.92 .14

Chronic hypertension
(�20 weeks)

�20 0.26 0.33 0.32–0.34 �.0001 0.48 0.46 0.36–0.59 �.0001 2.65 2.16 0.69–6.82 .21
20–24 0.45 0.63 0.62–0.64 �.0001 0.72 0.76 0.67–0.87 �.0001 0.30 0.24 0.06–0.97 .045
25–29 0.67 1.00 — 0.89 1.00 — 1.22 1.00 —
30–34 0.94 1.46 1.44–1.48 �.0001 1.16 1.39 1.25–1.54 �.0001 1.17 0.96 0.61–1.51 .85
35–39 1.54 2.43 2.39–2.47 �.0001 1.62 1.94 1.73–2.17 �.0001 1.65 1.36 0.84–2.20 .21
�40 2.71 4.27 4.17–4.37 �.0001 2.67 3.24 2.77–3.80 �.0001 3.36 2.73 1.24–6.00 .01

Pregnancy-associated
hypertension

�20 4.35 0.89 0.89–0.90 �.0001 9.37 1.00 0.94–1.07 .916 6.04 0.68 0.35–1.32 .26
20–24 3.82 0.98 0.97–0.98 �.0001 7.72 0.98 0.94–1.03 .408 7.46 0.78 0.57–1.09 .15
25–29 3.69 1.00 — 7.97 1.00 — 10.24 1.00 —
30–34 3.37 0.98 0.98–0.99 �.0001 7.86 0.99 0.95–1.03 .707 11.79 1.16 0.99–1.37 .07
35–39 3.69 1.15 1.14–1.16 �.0001 8.19 1.07 1.02–1.12 .006 11.58 1.18 0.98–1.43 .07
�40 4.55 1.44 1.42–1.47 �.0001 11.35 1.45 1.34–1.56 �.0001 14.74 1.52 1.16–2.01 .003

Incompetent cervix �20 0.11 0.44 0.42–0.46 �.0001 0.59 0.54 0.44–0.67 �.0001 1.34 0.24 0.06–0.97 .04
20–24 0.18 0.72 0.70–0.74 �.0001 0.60 0.65 0.57–0.75 �.0001 2.74 0.56 0.34–0.91 .02
25–29 0.24 1.00 — 0.89 1.00 — 5.44 1.00 —
30–34 0.31 1.29 1.26–1.32 �.0001 1.07 1.25 1.12–1.39 �.0001 5.42 1.00 0.80–1.24 .98
35–39 0.39 1.64 1.59–1.68 �.0001 1.11 1.32 1.16–1.50 �.0001 3.73 0.69 0.52–0.91 .007
�40 0.42 1.74 1.65–1.84 �.0001 1.15 1.33 1.06–1.66 .012 3.17 0.55 0.33–0.93 .02

Tocolysis �20 2.38 1.18 1.16–1.19 �.0001 10.35 1.16 1.10–1.23 �.0001 23.33 1.19 0.80–1.77 .39
20–24 2.19 1.08 1.07–1.09 �.0001 9.13 1.03 0.99–1.07 .167 21.31 1.01 0.82–1.25 .91
25–29 2.01 1.00 — 9.09 1.00 — 22.27 1.00 —
30–34 1.88 0.94 0.93–0.95 �.0001 8.12 0.88 0.84–0.91 �.0001 22.19 0.98 0.87–1.10 .72
35–39 1.87 0.93 0.92–0.94 �.0001 7.27 0.78 0.75–0.82 �.0001 18.91 0.81 0.70–0.93 .003
�40 1.99 0.99 0.97–1.02 .628 6.37 0.67 0.61–0.73 �.0001 16.11 0.66 0.51–0.84 .001
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TABLE 3
Continued.

Factor Age

Singletons Twins Triplets

Percent AORa 95% CI P value Percent AORa 95% CI P value Percent AORa 95% CI P value

PROM (�12 hours) �20 2.78 0.79 0.78–0.80 �.0001 6.85 0.94 0.88–1.01 .100 12.00 1.17 0.68–2.00 .58
20–24 2.58 0.91 0.90–0.92 �.0001 6.06 0.94 0.90–0.99 .017 12.04 1.31 1.00–1.73 .054
25–29 2.58 1.00 — 6.13 1.00 — 9.68 1.00 —
30–34 2.68 1.16 1.15–1.17 �.0001 6.15 1.04 1.00–1.09 .076 9.53 0.99 0.84–1.18 .95
35–39 2.84 1.31 1.30–1.33 �.0001 6.07 1.05 1.00–1.11 .059 8.78 0.92 0.76–1.13 .43

�40 3.21 1.50 1.47–1.53 �.0001 6.36 1.07 0.98–1.18 .149 9.83 1.03 0.75–1.41 .85

All excessive
bleeding in L&Db

�20 1.13 0.87 0.86–0.89 �.0001 2.28 0.95 0.84–1.06 .340 3.97 1.08 0.46–2.52 .87
20–24 1.21 0.91 0.90–0.92 �.0001 2.27 0.93 0.86–1.00 .066 2.73 0.77 0.46–1.27 .31
25–29 1.30 1.00 — 2.45 1.00 — 3.97 1.00 —
30–34 1.50 1.17 1.16–1.18 �.0001 2.83 1.17 1.09–1.24 �.0001 3.74 0.92 0.71–1.19 .53
35–39 1.86 1.45 1.43–1.47 �.0001 3.19 1.33 1.23–1.43 �.0001 4.43 1.10 0.83–1.46 .50

�40 2.39 1.87 1.82–1.91 �.0001 4.35 1.82 1.62–2.05 �.0001 4.78 1.17 0.75–1.81 .49

Delivery �29 weeks �20 1.20 1.48 1.46–1.51 �.0001 10.50 1.57 1.47–1.66 �.0001 31.79 1.50 1.04–2.16 .03
20–24 0.79 1.09 1.08–1.11 �.0001 6.93 1.16 1.11–1.22 �.0001 26.10 1.31 1.07–1.61 .009
25–29 0.63 1.00 — 5.54 1.00 — 20.63 1.00 —
30–34 0.62 1.07 1.05–1.08 �.0001 4.49 0.85 0.81–0.89 �.0001 15.92 0.75 0.66–0.86 �.0001
35–39 0.78 1.33 1.31–1.36 �.0001 4.14 0.80 0.76–0.85 �.0001 12.53 0.57 0.49–0.67 �.0001

�40 0.97 1.62 1.56–1.68 �.0001 3.82 0.72 0.64–0.81 �.0001 11.58 0.52 0.40–0.69 �.0001

Infant death of one
or more babies

�20 0.91 1.67 1.64–1.70 �.0001 4.91 1.89 1.73–2.07 �.0001 13.38 1.36 0.80–2.31 .25
20–24 0.69 1.26 1.24–1.28 �.0001 3.22 1.33 1.24–1.43 �.0001 13.18 1.58 1.20–2.09 .001
25–29 0.51 1.00 — 2.30 1.00 — 8.11 1.00 —
30–34 0.74 0.96 0.94–0.97 �.0001 1.87 0.86 0.80–0.92 �.0001 5.49 0.69 0.57–0.85 .0003
35–39 0.55 1.10 1.08–1.13 �.0001 1.68 0.77 0.71–0.85 �.0001 3.87 0.48 0.37–0.62 �.0001

�40 0.74 1.44 1.38–1.50 �.0001 1.51 0.69 0.57–0.83 �.0001 2.41 0.29 0.17–0.52 �.0001
Note: AOR � adjusted odds ratio, CI � confidence interval, L&D � labor and delivery.
Values in italics are based on small numbers (�20 in numerator or denominator), and should be interpreted with caution.
a Models adjusted for maternal race, parity, and smoking status.
b Includes abruptio placenta, placenta previa, and other excessive bleeding during labor and delivery.
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TABLE 4
Complications of pregnancy, delivery, and infant mortality by maternal age and plurality, women without diabetes or chronic
hypertension.

Factor Age

Singletons Twins Triplets

Percent AORa 95% CI P value Percent AORa 95% CI P value Percent AORa 95% CI P value

Pregnancy-induced
hypertension

�20 4.07 0.88 0.88–0.89 �.0001 9.18 1.01 0.95–1.07 .76 4.82 0.49 0.24–1.00 .050
20–24 3.48 0.96 0.96–0.97 �.0001 7.51 0.99 0.95–1.03 .67 7.72 0.79 0.58–1.07 .124
25–29 3.31 1.00 — — 7.57 1.00 — — 10.51 1.00 — —
30–34 3.01 0.99 0.99–1.00 �.0001 7.51 1.01 0.97–1.04 .73 11.96 1.15 0.99–1.35 .072
35–39 3.28 1.17 1.16–1.18 �.0001 7.75 1.08 1.03–1.12 .001 11.05 1.11 0.93–1.33 .241
�40 4.00 1.50 1.47–1.52 �.0001 10.88 1.49 1.39–1.60 �.0001 14.55 1.52 1.16–1.98 .002

Incompetent cervix �20 0.11 0.43 0.42–0.45 �.0001 0.57 0.54 0.44–0.65 �.0001 1.20 0.36 0.10–1.28 .123
20–24 0.17 0.71 0.69–0.73 �.0001 0.58 0.66 0.58–0.76 �.0001 2.44 0.28 0.13–0.62 .001
25–29 0.22 1.00 — — 0.83 1.00 — — 5.29 1.00 — —
30–34 0.28 1.28 1.25–1.32 �.0001 0.99 1.26 1.13–1.39 �.0001 5.58 0.93 0.69–1.26 .648
35–39 0.35 1.63 1.59–1.68 �.0001 1.04 1.35 1.20–1.53 �.0001 3.66 0.70 0.49-1.01 .055
�40 0.37 1.76 1.67–1.85 �.0001 0.99 1.28 1.03–1.59 .028 3.01 0.68 0.37–1.25 .219

Tocolysis �20 2.27 1.19 1.17–1.20 �.0001 9.93 1.14 1.08–1.21 �.0001 23.49 1.11 0.71–1.75 .644
20–24 2.11 1.09 1.08–1.10 �.0001 8.84 1.03 0.99–1.07 .142 20.38 0.97 0.75–1.26 .842
25–29 1.93 1.00 — — 8.75 1.00 — — 21.90 1.00 — —
30–34 1.80 0.94 0.93–0.95 �.0001 7.89 0.89 0.86–0.92 �.0001 21.51 0.93 0.79–1.10 .392
35–39 1.77 0.93 0.92–0.94 �.0001 7.07 0.80 0.76–0.83 �.0001 18.50 0.88 0.73–1.05 .165
�40 1.83 0.97 0.94–0.99 �.0001 6.11 0.67 0.62–0.74 �.0001 16.28 0.72 0.53–0.97 .029

PROM (�12 hours) �20 2.68 0.78 0.77–0.78 �.0001 6.76 0.92 0.87–0.99 .017 13.86 1.38 0.77–2.46 .285
20–24 2.48 0.89 0.88–0.89 �.0001 6.00 0.94 0.90–0.98 .007 11.82 1.16 0.83–1.61 .394
25–29 2.53 1.00 — — 6.08 1.00 — — 10.20 1.00 — —
30–34 2.59 1.13 1.13–1.14 �.0001 6.06 1.04 0.99–1.08 .093 9.93 0.94 0.75–1.17 .551
35–39 2.74 1.27 1.26–1.28 �.0001 6.02 1.06 1.00–1.11 .032 9.33 0.89 0.70–1.15 .379
�40 3.03 1.42 1.40–1.45 �.0001 6.28 1.07 0.98–1.17 .155 9.08 0.75 0.50–1.15 .187

All excessive
bleeding in L&Db

�20 1.09 0.91 0.89–0.92 �.0001 2.26 0.97 0.87–1.08 .527 4.82 2.13 0.96–4.74 .064
20–24 1.15 0.93 0.92–0.94 �.0001 2.25 0.95 0.88–1.02 .168 2.85 0.67 0.35–1.28 .232
25–29 1.25 1.00 — — 2.38 1.00 — — 3.62 1.00 — —
30–34 1.44 1.16 1.15–1.17 �.0001 2.74 1.15 1.08–1.23 �.0001 3.74 0.96 0.68–1.36 .825
35–39 1.77 1.42 1.40–1.42 �.0001 3.11 1.32 1.23–1.41 �.0001 4.38 1.13 0.78–1.65 .519
�40 2.23 1.76 1.72–1.80 �.0001 4.10 1.75 1.57–1.96 �.0001 4.35 1.06 0.59–1.88 .853
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TABLE 4
Continued.

Factor Age

Singletons Twins Triplets

Percent AORa 95% CI P value Percent AORa 95% CI P value Percent AORa 95% CI P value

Delivery �29
weeks

�20 1.14 1.42 1.39–1.44 �.0001 10.27 1.52 1.43–1.61 �.0001 33.13 1.47 0.97–2.23 .070
20–24 0.75 1.06 1.05–1.08 �.0001 6.84 1.16 1.11–1.21 �.0001 25.88 1.12 0.87–1.43 .383
25–29 0.60 1.00 — — 5.47 1.00 — — 21.05 1.00 — —
30–34 0.59 1.08 1.06–1.09 �.0001 4.55 0.88 0.84–0.92 �.0001 15.91 0.69 0.58–0.82 �.0001
35–39 0.73 1.32 1.29–1.34 �.0001 4.23 0.83 0.78–0.88 �.0001 12.82 0.58 0.47–0.71 �.0001

�40 0.90 1.55 1.50–1.60 �.0001 3.80 0.72 0.65–0.81 �.0001 11.71 0.52 0.37–0.75 �.0001

Infant death of one
or more babies

�20 0.88 1.63 1.60–1.66 �.0001 4.89 1.89 1.74–2.05 �.0001 16.98 2.06 1.23–3.46 .006
20–24 0.67 1.24 1.22–1.26 �.0001 3.15 1.32 1.24–1.41 �.0001 11.84 1.19 0.83–1.70 .342
25–29 0.50 1.00 — — 2.27 1.00 — — 8.24 1.00 — —
30–34 0.46 0.95 0.93–0.97 �.0001 1.91 0.88 0.82–0.94 �.0001 5.63 0.70 0.54–0.92 .010
35–39 0.53 1.07 1.05–1.09 �.0001 1.74 0.81 0.74–0.88 �.0001 3.78 0.41 0.29–0.59 �.0001

�40 0.70 1.34 1.29–1.39 �.0001 1.54 0.71 0.59–0.84 �.0001 2.70 0.42 0.22–0.79 .007
Note: AOR � adjusted odds ratio, CI � confidence interval, L&D � labor and delivery.
Values in italics are based on small numbers (�20 in numerator or denominator) and should be interpreted with caution.
a Models adjusted for maternal race, parity, and smoking status.
b Includes abruptio placenta, placenta previa, and other excessive bleeding during labor and delivery.
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embranes (PROM) (increasing with maternal age for sin-
leton pregnancies, but not significantly different across
aternal age categories for twins and triplets), delivery �29
eeks, and infant mortality (U-shaped relationship for sin-
letons, but decreasing significantly with maternal age for
wins and triplets).

ISCUSSION
his is the first population-based report to our knowledge of

he contemporary risks for maternal morbidity with increas-
ng maternal age and plurality in the United States. Our
esults quantify the magnification of risk with twins and
riplets, including the 8-fold and 34-fold increased risk for
elivery �29 weeks, and the 4-fold and 13-fold increased
isk for infant mortality, respectively. Within pluralities,
hese risks are highest among the youngest mothers of all
luralities and, surprisingly, lowest among the oldest moth-
rs of twins and triplets.

Infertility affects an estimated 15% of women of repro-
uctive age (10). The use of fertility-enhancing therapies,
ncluding assisted reproductive technologies (ART), has
isen steadily in the United States because of several factors,
ncluding older maternal ages and increasing insurance cov-
rage (11, 12). The use of ART carries a 30% to 50% risk of
esulting in a multifetal pregnancy, depending on the medi-
ations and techniques used. Older maternal age requires
ore aggressive therapies to achieve a pregnancy, including

ransferring more embryos. The twin and triplet and higher
rder multiple rates for pregnancies conceived by assisted
eproductive technology is estimated to be 14-fold and 54-
old higher, respectively, than for the United States as a
hole (13). A growing body of literature suggests an excess
f adverse outcomes in pregnancies after infertility treat-
ent, particularly among singleton pregnancies (14 –16).
n important underlying mechanism may be a genetic
redisposition to factors associated with infertility, in-
luding allelic variants in cytokine genes known to stim-
late inflammation or those known to down-regulate the
nti-inflammatory response. Recent investigations have eval-
ated the association between human lymphocyte antigen
Q alleles and interleukin-10 polymorphism associated with
hlamydia trachomatis-related tubal factor infertility (17,
8), interleukin-6 in women with infertility from endometri-
sis (19), cytokine gene polymorphism, implantation (20),
atrix metalloproteinase-9, and preterm premature rupture

f membranes (21). In a recent review, Ness (22) suggests
hat although women with a robust inflammatory response
ay be more likely to survive to reproduce, their reproduc-

ive experiences may be less successful than women who are
ess responsive. In women with assisted conceptions, the
enetic factors that may have lead to their infertility may also
ontribute to inflammation during pregnancy and result in
etal growth restriction and preterm birth. Older maternal
ge, although a well-established risk factor in singleton
regnancies, may have a different implication for multiple

regnancies resulting from ART (23, 24). In spontaneous w

ertility and Sterility�
onceptions, there is a concern that older maternal age may
e associated with an increase in obstetric complications
econdary to a higher incidence of underlying medical dis-
ase, decreased cardiovascular reserve, and diminished abil-
ty to adapt to physical stress that may accompany aging.
he increased incidences of diabetes, chronic hypertension,
nd pregnancy-induced hypertension in our study confirms
rior reports (25, 26), and most likely reflects these age-
elated changes. In ART pregnancies, the proportion of
omen who use donor eggs increases exponentially after age
0 (�5% of cycles among women �35 years of age to 77%
f cycles among women �45 years of age) (27). The use of
onor eggs may decrease the fetal genetic contribution to
oth inflammation and prematurity, and helps explain the
urprising findings in this study that there is no significant
ncrease in PROM and significantly less tocolysis and early
reterm delivery among older mothers of twins and triplets
28, 29).

The only other population-based maternal morbidity risk
stimates for multiple pregnancy are from the Latin America
enter for Perinatology and Human Development in Mon-

evideo, Uruguay (8). These analyses are based on �885,000
ive births and stillbirths of at least 20 weeks gestation,
ncluding �15,000 multiple pregnancies delivered between
985 and 1997. All multiple births were grouped together,
nd included 15,407 sets of twins, 71 sets of triplets, 5 sets
f quadruplets, and 1 set of quintuplets. Adjusting for po-
entially confounding factors (including maternal age and
arity), women pregnant with multiples versus singletons
ad significantly higher risks for preeclampsia (AOR 2.2,
5% CI, 1.9–2.5), preterm labor (AOR 3.8, 95% CI, 3.6–
.0), anemia (AOR 1.8, 95% CI 1.6–2.1), postpartum hem-
rrhage (AOR 2.0, 95% CI, 1.9–2.0), and puerperal endo-
etritis (AOR 1.8, 95% CI 1.7–1.9). Although these risks

re generally in agreement with our results, they are not
ompletely comparable. By grouping all multiple pregnan-
ies together, these researchers have masked the higher risks
ith increasing plurality. In addition, these results are hospital-
ased and from 18 developing countries, where both patient
haracteristics and health care (including the availability and
se of ART) differ substantially from that of the United States.

Extremes of maternal age are well-established risk factors
or adverse pregnancy outcomes, but with different etiolo-
ies. For the woman �20 years of age, there may be com-
etition with the growing fetus or fetuses for nutrients, as the
oman may still be growing herself. The adolescent mother

s also more likely to have unfavorable social and economic
ircumstances. In their analysis of over 850,000 Latin Amer-
can women �25 years of age who gave birth to singletons
etween 1985 and 2003, Conde-Agudelo et al. (30) also
eported lower rates of bleeding and higher risks for early
reterm birth, which were comparable to our findings. Al-
hough growth restriction and prematurity account for a
ubstantial proportion of infant mortality, particularly for
ultiples, even normal infants have a higher mortality rate

hen born to adolescent mothers (31). In their study of
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ingleton first births, Phipps et al. (31) reported that healthy
ull-term infants born to the youngest mothers (�15 years of
ge) had a threefold higher risk of postneonatal death com-
ared to those born to mothers ages 23 to 29 years. Although
he risk decreased with advancing age and was highest
mong the youngest mothers, it was still significantly higher
or women ages 20 to 22 years (AOR 1.5, 95% CI, 1.4–1.7).
ollowing a similar pattern, the risk of postneonatal mortal-

ty because of possible neglect or abuse was highest among
he youngest age group (AOR 5.1, 95% CI 4.0–6.5), but was
till significantly elevated for infants born to women ages 20
o 22 years (AOR 2.1, 95% CI 1.8–2.5) compared to those
orn to women ages 23 to 29 years.

The steep increase in triplet and higher order births that
ccurred in the late 1990s has abated, with rates stable since
eaking in 1999 (1). This reflects efforts on the part of the
merican College of Obstetricians and Gynecologists and

he American Society of Reproductive Medicine to prevent
igher order multiple pregnancies through their national
ecommendations (32, 33), as well as refinements in ART
rocedures and other factors during recent years (34, 35). As
ndicated by the findings in this study, multiple pregnancies
re at greatly increased risk for adverse outcomes, for both
he mother and her infants, risks that are often not appreci-
ted by women seeking infertility treatment. A substantial
roportion of these women want a multiple pregnancy, par-
icularly if they have no prior children (36). Recent studies
ndicate that multiple births are associated with fivefold
ncreased risk of severe parenting stress (37), as well as
wice the risk of lower quality of life, social stigma, and
aternal depression (38). Although the study by Phipps et al.

31) on young maternal age and the risk of postneonatal
eath was based on singleton births, it is very likely that the
isks are magnified even further with twins and triplets. One
f the limitations of this analysis is the inability to differen-
iate pregnancies that were the result of infertility treatment.

ith the 2003 revision of the birth certificate, this will be
ossible, including information on types of treatments (med-
cations and ART). The revision will also include additional
easures of maternal morbidity (maternal transfusion, rup-

ured uterus, unplanned hysterectomy, and admission to in-
ensive care). Known limitations of birth certificate data
nclude the unreliability of selected items (such as maternal
eight gain), the high rate of missing values for other items

such as age of father) (1). In addition, it is known that
ecause of variation in the birth certificate from state to state,
percent of records in the national data file will have items

hat are not stated: 0.5% for obstetric procedures, 0.6% for
omplications of labor and/or delivery, 0.5% for method of
elivery, 1.0% for abnormal conditions of the newborn, and
.9% for congenital anomalies of the newborn (1). A recent
opulation-based validation study from Washington State
39) compared data on the birth certificate to hospital dis-
harge data. These researchers found that medical conditions

nd complications were underreported on birth certificates

292 Luke and Brown Maternal age and plurality morbidity
y about 50%. This suggests that the magnitude of the risks
ay be even higher than reported in our study.

In summary, our study found that within each plurality (sin-
letons, twins, and triplets), increasing maternal age was asso-
iated with significantly higher risks of pregnancy-associated
ypertension, excessive bleeding, and incompetent cervix,
ut surprisingly for multiples, lower risks for tocolysis, de-
ivery �29 weeks, and infant mortality. Compared to preg-
ancy outcomes for women ages 25 to 29 years, the risk for
elivery �29 weeks increased for women �20 years of age
y 42%, 52%, and 47%, respectively, with singletons, twins,
nd triplets. Likewise, compared to women ages 25 to 29
ears, the risk of infant mortality of one or more babies for
omen �20 years of age increased by 63%, 89%, and
200%, respectively, with singletons, twins, and triplets.
hese findings highlight the need for specialized prenatal
are to reduce complications and adverse outcomes in twin
nd triplet pregnancies (40), and the need for ongoing social
nd medical care beyond the prenatal and perinatal periods,
articularly for younger mothers and mothers of multiples.
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Programmatic implementation of blastocyst transfer
in a university-based in vitro fertilization clinic:
maximizing pregnancy rates and minimizing
triplet rates
James A. Grifo, M.D., Ph.D.,a Eric Flisser, M.D.,a Alexis Adler, B.S.,a

Caroline McCaffrey, Ph.D.,b Lewis C. Krey, Ph.D.,a Frederick Licciardi, M.D.,a

Nicole Noyes, M.D.,a Lisa M. Kump, M.D.,a and Alan S. Berkeley, M.D.a

a New York University Fertility Center, New York University School of Medicine, New York, New York; and b Cork Fertility
Centre, Cork, Ireland

To assess whether the use of extended embryo culture can reduce the incidence of high-order multiple gestations,
a retrospective analysis of 7,418 fresh ETs performed in a university-based IVF clinic from 1997–2003 was
conducted, comparing program results before and after institution of a protocol to select patients for extended
culture of in vitro fertilized embryos. The incidence of triplet pregnancies was significantly reduced in patients
at highest risk for high-order multiple gestations, i.e., those at �35 years of age (16.8% versus 6.8%), those at
35–37 years of age (13.0% versus 5.6%), and recipients of donated oocytes (11.2% versus 4.5%). (Fertil Steril�
2007;88:294–300. ©2007 by American Society for Reproductive Medicine.)
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erhaps the greatest criticism of assisted reproductive tech-
ology (ART) is the resulting incidence of high-order mul-
iple gestations. Although ovulation induction accounts for
he vast majority of quadruplet and higher implantations,
VF-ET is responsible for a sizable portion of triplet preg-
ancies (1). In 2002, higher-order gestations accounted for
.8% of the 29,423 pregnancies resulting from fresh, non-
onor ART cycles (2). Fetuses and mothers are at consider-
ble risk for an adverse event during a triplet pregnancy.
pproximately 90% of these mothers deliver preterm, with
1% delivering prior to 32 weeks (3). Pregnancy complica-
ions such as intrauterine growth retardation, low birth
eight, and premature delivery are significantly elevated in

riplet gestations; perinatal mortality rates are sixfold higher
4). The risk of a handicap for at least one infant of a triplet
et is �20% (5).

Even when offspring are developmentally normal, moth-
rs of triplets frequently suffer from depression, social iso-
ation, overwork, and anxiety (6, 7). In addition to concerns
or the physical and emotional health of the mother and
hildren, there is the socioeconomic burden of these high-
isk pregnancies (8–10).

The Committee on Ethics of the American College of
bstetrics and Gynecology recommends primary prevention
f multiple gestations by encouraging voluntary limits to the
umber of embryos transferred (11), and the American So-

eceived July 2, 2006; revised September 18, 2006; accepted October
11, 2006.

eprint requests: Jamie A. Grifo, M.D., Ph.D., New York University Fer-
tility Center, New York University School of Medicine, 660 First Ave.,
5th Floor, New York, New York 10016 (FAX: 212-263-8827; E-mail:
cjamie.grifo@med.nyu.edu).
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Copyright ©2007 American Society for Reproductive Medicine,
iety for Reproductive Medicine (ASRM) also provides
uidelines for limiting the number of embryos transferred
12). These guidelines are often suborned to patient demand
nd physician desire to report high pregnancy rates (PRs).
atients often erroneously believe that transfer of additional
mbryos will increase the chance of pregnancy, despite
vidence to the contrary, and are influenced by previous
ycle failures (13, 14).

For IVF clinics transferring embryos after oocyte retrieval
ay 2 or 3, one option is to transfer only two embryos. Embryos
ith similar quality ratings based on morphology, blastomere
umber, and cellular fragmentation cannot be readily stratified
ccording to reproductive potential, making selection somewhat
rbitrary. As-yet unidentifiable differences in these embryos
ay determine cycle success. Full expression of the embryonic

enome occurs after the eight-cell stage (15); transfer at cleav-
ge stage may permit unexpressed genetic defects to go unno-
iced. Although some centers are successful at selecting a lim-
ted number of embryos for transfer during cleavage stage (16),
n alternative option is to culture embryos to the blastocyst
tage (postretrieval day 5) and select from the advanced cohort.
evelopments in culture media now permit embryo culture to

he blastocyst stage, and several different commercial formula-
ions are available. High implantation rates were reported for
lastocyst transfer by several investigators (17–19). Embryos
elected for transfer on postretrieval day 3 by morphologic
riteria do not correlate well with those selected for transfer
fter extended culture (20, 21). Thus, extended culture im-
roves the selection of embryos with a higher implantation
otential.

Since some abnormal embryos will arrest during extended

ulture, a low number of biologically viable and genetically

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.10.005



n
(
p
n
t
n

e
g
a
5
d
i
o
h

M
S
t
e
m
S
c
r
P
e
D
a
p
r
e
m
3
a
b
p

m
a
1
O
a
l

7
I
C
i
t
f
(
d
b
o

c
w
h
s
t
a
b
n
B

d
L
(
h
a
t
w
d
p
e
c
c
q
t

L
M
fl
c
h
t
p
c
w

o
�
o
r
c
w

c
i
w
e

b
d
w
u
c
w

F

ormal embryos can be identified on a morphological basis
22, 23). However, some genetically aberrant embryos can
rogress to the blastocyst stage in vitro, so this technique is
ot without pitfalls (24). In addition to improved selection,
he high degree of success may result from optimal synchro-
ization between blastocysts and endometrial cells.

Extended culture was shown to permit transfer of fewer
mbryos (19) and to decrease the occurrence of multiple
estations (25). This article reports on the reorganization of
large, university-based IVF program from day 3 ET to day
blastocyst transfer. The accumulation and analysis of our

ata over this multiyear transition resulted in protocol mod-
fications that have achieved a significant reduction in the
ccurrence of triplet gestations, while maintaining and en-
ancing clinical PRs.

ATERIALS AND METHODS
tep one in the conversion of our program to blastocyst

ransfer was successful culture of abnormal three-pronuclei
mbryos to the blastocyst stage in a commercially available
edium (Gardner’s media; Scandinavia IVF, Gothenburg,
weden). In September 1999, a pilot program of extended
ulture for 16 patients aged �37 years with �8 oocytes at
etrieval resulted in a 41% (16/39) implantation rate and a
R of 60% (9/15), which confirmed our ability to grow
mbryos and achieve pregnancy through extended culture.
ata from this project were used to design a protocol to be

pplied more generally. Initially, patients eligible for this
rotocol were �37 years of age, �40 years of age, or
ecipients of donated oocytes, and had �7 good-quality
mbryos, consisting of 5–8 blastomeres with �15% frag-
entation on postretrieval day 3. Initially, patients aged

8–39 years were excluded because of uncertainty about the
ppropriate number of embryos to transfer. After 1 year,
ased on data from completed cycles, a protocol for these
atients was instituted.

Stimulation was performed using GnRH down-regulation,
icrodose leuprolide acetate, or GnRH-antagonist protocols

nd gonadotropins. When at least two follicles reached
7-mm mean diameter, 10,000 IU hCG was injected IM.
ocyte retrieval via transvaginal ultrasound-guided needle

spiration of ovarian follicular fluid was performed 36 hours
ater.

Oocytes were isolated from follicular fluid and placed in
5-�L droplets of human tubal fluid (Irvine Scientific,
rvine, CA) under mineral oil (Sage Biopharma, Trumbull,
T). Oocytes were inseminated, or intracytoplasmic sperm

njection was performed 4–6 hours after retrieval. Fertiliza-
ion was assessed 18 hours after insemination. Normally
ertilized zygotes were moved to fresh 30-�L culture drops
initially Gardner’s cleavage media, now Sage cleavage me-
ia) under oil. Embryo cell division was monitored daily for
lastomere number, symmetry, degree of fragmentation, and

verall quality (26). Patients who had �3 good-quality 6–8- p

ertility and Sterility�
ell embryos on day 3 underwent extended culture, and those
ho had �7 good-quality embryos on either day 2 or day 3
ad these supernumerary good-quality embryos cryopre-
erved using a propanediol and sucrose slow-freezing pro-
ocol (27). Patients lacking these criteria received a day 3 ET
fter assisted hatching. Following day 3 assessment, em-
ryos were grouped in pairs of similar morphology in Gard-
er’s G2 media, and later, Sage blastocyst media (Sage
iopharma).

On postretrieval day 5, the stage and degree of blastocyst
evelopment were assessed using the criteria of Gardner and
ane (28). Blastocysts were assigned a numerical score

1–6) according to stage of development, from early to
atched blastocyst. Letter designations (a, b, c, or d) were
ssigned separately for both the inner cell mass (ICM) and
rophectoderm. If many blastocysts of comparable quality
ere available, the degree of development on the preceding
ay was considered when selecting embryos for transfer. By
rotocol, patients �37 years of age and patients receiving
mbryos created from donor oocytes received two blasto-
ysts, whereas patients aged �40 years received three, ex-
ept in cases of prior poor IVF outcome, poor embryo
uality, or patient request when additional embryos were
ransferred.

Transcervical ET was performed using Wallace (Portex
td., Hythe, United Kingdom) or Tom Cat (Kendall Co.,
ansfield, MA) catheters. Following ET, catheters were

ushed and the media were inspected microscopically to
onfirm absence of embryos. Supernumerary expanded or
atched blastocysts (stages 4, 5, or 6) with good ICM and
rophectoderm scores were cryopreserved according to
rotocol (29). Blastocysts with lower grades remained in
ulture until day 6, and any reaching minimum criteria
ere cryopreserved.

Postretrieval patients continued daily 50-mg IM injections
f P in oil. Fourteen days after retrieval, patients had serum
-hCG testing, and when positive, continued daily P. Peri-
dic monitoring by blood test and transvaginal ultrasonog-
aphy was conducted until an intrauterine gestation with fetal
ardiac activity was observed, or until a nonviable pregnancy
as diagnosed.

In 2001, based on analysis of data from prior transfers, the
riteria for progressing to extended culture was broadened to
nclude patients having �6 oocytes at retrieval and patients
ho had �5 grade 3 embryos on day 3, with �3 6–8-cell

mbryos.

Data were analyzed by day of transfer (day 3 or day 5) and
y maternal age according to Society for Assisted Repro-
uction Technology Registry groupings. Clinical pregnancy
as defined by the presence of fetal cardiac motion on
ltrasound. The clinical PR was calculated as number of
linical pregnancies per ET. Twin and triplet pregnancies
ere diagnosed by the visualization of two and three fetal

oles, respectively, each with cardiac activity.
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The New York University School of Medicine Institu-
ional Review Board approved this retrospective study. Sta-
istical analysis was performed by E.F. and L.C.K., using
igmaStat (SYSTAT Software, Inc., Richmond, CA) to ap-
ly the �2 test, Fisher’s exact test, and Mann-Whitney rank
um test where appropriate. P�.05 was considered statisti-
ally significant.

ESULTS
here was no difference in clinical PR (at least one fetal pole
ith cardiac activity observed) for all patients receiving transfer
f fresh embryos in the 3 years prior to blastocyst transfer
1997–1999, n � 2,746), compared to the following period
2000–2003, n � 4,672) for patients aged �35 years (55.4%
ersus 57.4%, respectively, P�.44), 35–37 years (55.1% ver-
us 51.7%, respectively, P�.24), 38–40 years (41.9% ver-
us 41.1%, respectively, P�.79), 41– 42 years (28.8%
ersus 28.8%, respectively, P�.95), or �43 years (16.9%
ersus 19.4%, respectively, P�.49). A significant difference
as observed for recipients of donated oocytes (49.2% versus
6.6%, respectively, P�.02). The frequency of patients receiv-
ng day 5 transfers from 2000–2003 was 62.3% of patients �35
ears of age, 55.3% of patients 35–37 years of age, 38.5% of
atients 38–40 years of age, 22.7% of patients 41–42 years of
ge, 10.7% of patients �43 years of age, and 74.2% of recip-
ents of donated oocytes.

Clinical PRs, twin rates, and high order multiple preg-
ancy (HOMP) rates between the period preceding the use of
xtended culture and the period following its initiation are
hown in Table 1. Embryo implantation rates for the period
efore and after the institution of extended culture, and a
omparison of day 3 and day 5 transfer subgroups after the
mplementation of the extended culture protocol, are shown
n Table 2. Implantation rates were significantly higher after
xtended culture in all Society of Assisted Reproductive
echnology (SART) categories. The implantation rate for

TABLE 1
Clinical PR, twin PR, and HOMP rate.

Clinic

Age group
(y)

1997–1999,
% (n)

200
%

�35 55.4 (382/689) 57.4 (
35–37 55.1 (274/497) 51.7 (
38–40 41.9 (221/527) 41.1 (
41–42 28.8 (98/340) 28.8 (
�43 16.9 (37/219) 19.3 (
OD 49.2 (233/474) 56.6 (
Note: CI � confidence interval; OD � oocyte donation.

Grifo. Blastocyst transfer to reduce HOMP. Fertil Steril 2007.
atients receiving day 3 transfers was comparable to that in r

296 Grifo et al. Blastocyst transfer to reduce HOMP
he period preceding the use of extended culture, except for
atients �37 years of age, who had significantly lower
mplantation rates. The incidence of monozygotic twinning
as 1.4% after day 3 transfer, and 3.1% following day 5

ransfer (P�.03).

As shown in Table 3, there were significantly fewer em-
ryos (mean � SD) transferred to patients receiving day 5
ransfers compared to day 3 transfers in the �35-year (2.3

0.5 versus 2.7 � 0.8, P�.001), 35–37-year (2.4 � 0.6
ersus 2.9 � 0.8, P�.001), and 38–40-year (3.1 � 0.7
ersus 3.2 � 1.0, P�.01) age groups and in recipients of
onated oocytes (2.2 � 0.4 versus 2.6 � 0.6, P�.001),
hereas patients receiving day 5 embryos in the �43-year

ge group received more embryos compared to day 3 pa-
ients (4.8 � 1.1 versus 4.0 � 1.6, P�.002), and no differ-
nce was seen in the 41–42-year age group (3.8 � 1.0 versus
.6 � 1.2, P�.64).

A statistically significant reduction in HOMP was seen
fter the blastocyst transfer protocol was implemented, com-
ared to the preceding 3 years. This reduction was observ-
ble for patients aged �35 years (16.8% versus 6.8%,
�.001), for patients aged 35–37 years (13.0% versus 5.6%,
�.001), and for recipients of donated oocytes (11.2% ver-
us 4.5%, P�.003). By contrast, there was a significant
ncrease in the percentage of twin pregnancies from the
eriod before the blastocyst transfer protocol (1997–1999)
ompared to the following years (2000–2003) for recipients
f donated oocytes (34.3% versus 44.5%, P�.02). There was
o difference for patients �35 years of age (39.3% versus
3.5%, P�.22), 35–37 years of age (37.2% versus 37.1%,
�1.0), 38–40 years of age (25.3% versus 28.4%, P�.48),
1–42 years of age (24.5% versus 16.9%, P�.17), or �43
ears of age (5.4% versus 16.7%, P�.16).

When extended culture was performed, there was a sig-
ificantly higher clinical PR in patients aged �35 years

regnancies per transfer

003,
)

Odds ratio
(95% CI) P-value

1,078) 1.08 (0.89–1.31) .44
861) 0.87 (0.70–1.09) .24
945) 0.96 (0.78–1.09) .79
618) 1.00 (0.75–1.34) .95
95) 1.18 (0.78–1.80) .49
675) 1.35 (1.07–1.71) .02
al p

0–2
(n

619/
445/
388/
178/
96/4
382/
eceiving two embryos compared to those receiving three
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66.2% versus 48.0%, P�.001), but no significant difference
n other patients at high risk for multiple gestations, i.e.,
hose aged 35–37 years (60.1% versus 55.7%, P�.40) and
ecipients of donated oocytes (60.2% versus 54.2%, P�.34).

two-embryo transfer was significantly less likely to pro-
uce a triplet pregnancy than a three-embryo transfer for
atients �35 years of age (3.5% versus 11.0%, P�.01),
atients 35–37 years of age (2.4% versus 11.2%, P�.007),
nd recipients of donated oocytes (2.5% versus 15.4%,
�.001.) The proportion of twin pregnancies compared to
ingleton pregnancies in patients undergoing day 3 versus
ay 5 transfer was statistically increased in patients aged
37 years (Table 4). Statistical differences were not differ-

nt when HOMPs were excluded or included in this analysis.

Patients receiving day 5 transfers were statistically more
ikely to have supernumerary embryos cryopreserved than
ere recipients of day 3 transfers when the patient was �35
ears of age (46.6% versus 12.8%, P�.001), 35–37 years of
ge (40.3% versus 10.1%, P�.001), 38–40 years of age

TABLE 1
Continued.

Twin PR

1997–1999,
% (n)

2000–2003,
% (n)

Odds ratio
(95% CI)

P-
value

39.3 (150) 43.5 (269) 1.19 (0.92–1.54) .22
37.2 (102) 37.1 (165) 0.99 (0.73–1.36) 1.0
25.3 (56) 28.4 (110) 1.17 (0.80–1.70) .48
24.5 (24) 16.9 (30) 0.63 (0.34–1.14) .17
5.4 (2) 16.7 (16) 3.50 (0.76–16.1) .16

34.3 (80) 44.5 (170) 1.53 (1.09–2.15) .02

Grifo. Blastocyst transfer to reduce HOMP. Fertil Steril 2007.

TABLE 2
Embryo implantation rates.

Implantation rates, 1997–1999
versus 2000–2003

Age (y)
1997–1999,

% (n)
2000–2003,

% (n) v

�35 34.5 (726/2,103) 39.0 (1,026/2,632)
35–37 29.1 (497/1,707) 32.4 (731/2,255)
38–40 19.3 (381/1,973) 22.5 (697/3,013)
41–42 12.0 (160/1,336) 12.4 (279/2,256)
�43 6.8 (59/866) 7.5 (153/2,042)
OD 29.7 (409/1,376) 41.1 (637/1,550) �

Note: OD � oocyte donation.
Grifo. Blastocyst transfer to reduce HOMP. Fertil Steril 2007.

ertility and Sterility�
23.5% versus 6.0%, P�.001), and 41–42 years of age
10.1% versus 5.0%, P�.05), or a recipient of donated
ocytes (47.1% versus 16.1%, P�.001).

ISCUSSION
fter the initiation of our extended culture program, clinical
Rs were not statistically different for all SART age groups,
xcept in recipients of donated oocytes, compared to the pre-
eding period. The implementation was gradual, and the 38–
0-year age group suffers from some bias, since extended
ulture was not implemented for patients aged 38–39 years
ntil 2001, whereas other patients were previously eligible for
xtended culture. Comparing patients by SART category before
nd after the year 2000 is therefore imperfect in this group, but
ur data accurately reflect the clinical scenario: blastocyst cul-
ure had no detrimental impact on PR.

Since the number of triplet live births may inaccurately
eflect the number of established triplet pregnancies, we

HOMP rate

97–1999,
% (n)

2000–2003,
% (n)

Odds ratio
(95% CI)

P-
value

16.8 (64) 6.8 (42) 0.36 (0.24–0.55) �.001
13.0 (36) 5.6 (25) 0.40 (0.23–0.68) �.001
8.6 (19) 8.5 (33) 0.99 (0.55–1.78) .92
3.1 (3) 3.9 (7) 1.30 (0.33–5.13) .97
7.1 (2) 1.0 (1) 0.14 (0.01–1.57) .25

11.2 (26) 4.5 (17) 0.37 (0.20–0.70) .003

Implantation rates, 2000–2003

e
Day 3

transfers, % (n)
Day 5

transfers, % (n)
P-

value

2 30.9 (347/1,124) 45.0 (679/1,508) �.001
24.8 (277/1,116) 39.9 (454/1,139) �.001

2 20.2 (378/1,873) 26.4 (301/1,140) �.001
11.4 (199/1,738) 15.4 (80/518) .02
7.0 (125/1,789) 11.1 (28/253) .03

1 31.4 (144/458) 45.1 (493/1,092) �.001
19
P-
alu

.00

.03

.00

.77

.57

.00
297



a
t
t
o
w
g

o
r
d
w
r
H
c
o
b
p

p
r
w
n
t
a

m
p
n
r
m
a
e
p

e
o
p
o
c
f

t
c
S
e
t
v
f
i

nalyzed the number of fetal heart signals viewed on
ransvaginal ultrasound during the first trimester rather
han live births. Because of spontaneous loss and patients
pting for fetal reduction, counting only triplet live births
ould have led to underreporting the incidence of triplet
estations, minimizing their magnitude.

A randomized, prospective study of extended culture dem-
nstrated that advanced blastocysts have higher implantation
ates than less developed day 5 embryos and good-quality
ay 3 embryos (30). Theoretically, transfer of fewer embryos
ith higher implantation rates should preserve pregnancy

ates and result in a concomitant decrease in the risk of
OMP, as shown in our retrospective study. Our experience

onfirms a previous study showing a decrease in the number
f embryos transferred and number of multiple births when
lastocyst culture was performed in patients with a good
rognosis (25).

Although changes in laboratory technology over the study
eriod may have improved implantation rates in patients
eceiving a transfer of day 3 embryos, with day 5 ETs, we
ere able to achieve higher implantation rates and a lower
umber of embryos transferred, and reduce high-order mul-
iple pregnancy rates. The retrospective analysis limits our
bility to speculate on what kind of reduction in HOMP

TABLE 3
Average number of embryos transferred, 2000–2

Age (y) Day 3, mean � SD (n)

�35 2.7 � 0.8 (406)
35–37 2.9 � 0.8 (385)
38–40 3.2 � 1.0 (581)
41–42 3.6 � 1.2 (478)
�43 4.0 � 1.6 (442)
OD 2.6 � 0.6 (174)
Note: OD � oocyte donation.

Grifo. Blastocyst transfer to reduce HOMP. Fertil Steril 2007.

TABLE 4
Proportion of non-HOMP pregnancies resulting i

Age (y) Day 3, % (n)

�35 36.0 (67/186)
35–37 32.3 (51/158)
38–40 28.9 (58/201)
41–42 17.1 (21/123)
�43 15.8 (12/76)
OD 42.0 (34/81)
Note: OD � oocyte donation.
Grifo. Blastocyst transfer to reduce HOMP. Fertil Steril 2007.

298 Grifo et al. Blastocyst transfer to reduce HOMP
ight have occurred if implantation rates had improved for
atients receiving day 3 transfers, and if these patients had
ot been selected for extended culture. By design, patients
eceiving a day 3 transfer after 2000 had fewer embryos and
ight have had worse embryo quality, but implantation rates

t least as good for patients aged �37 years and for recipi-
nts of donated oocytes were observed, compared to the
revious period.

Although not all studies demonstrated the impact that
xtended culture can have on multifetal pregnancies (19),
ur study demonstrates that this technique is a method of
rimary prevention. A significant reduction in the occurrence
f triplet gestations after implementation of the extended
ulture protocol was evident for patients aged �37 years and
or recipients of donated oocytes.

The use of extended culture protocols can provide impor-
ant biological information about a patient’s embryos, and
an lead to highly successful pregnancy outcomes (19).
equential media, designed to mimic the changing in vivo
nvironment through subtle microenvironmental interac-
ions, may be lacking. We recognize the limitations of in
itro culture, and choose to transfer embryos on day 3 if
urther biologic selection from the cohort is not required to
dentify embryos of greatest reproductive potential. Perform-

.

Day 5, mean � SD (n) P-value

2.3 � 0.5 (672) �.001
2.4 � 0.6 (476) �.001
3.1 � 0.7 (364) .01
3.8 � 1.0 (140) .64
4.8 � 1.1 (53) .002
2.2 � 0.4 (501) �.001

in gestations, day 3 versus day 5 transfers.

Day 5, % (n) P-value

52.8 (206/390) �.001
42.7 (112/262) .04
34.6 (54/156) .29
18.8 (9/48) .97
21.1 (4/19) .73
49.3 (136/276) .30
003
n tw
Vol. 88, No. 2, August 2007
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ng extended culture incurs some risk of failue to have viable
mbryos at time of transfer (17). With the use of our proto-
ol, this only happened three times.

Although the reported outcomes of pregnancies reduced
rom triplets to twins are encouraging (31, 32), fetal reduc-
ion techniques are not without risk (33). In older patients
ho have less success at IVF or in patients who have had
ultiple cycle failures, the desire to achieve pregnancy may

verrule reasoned decisions to limit the number of embryos
ransferred, leading to unanticipated high-order multiple
regnancies. Extended culture and blastocyst transfer reduce
he risk of HOMP, while maintaining high PRs.

National statistics suggest that in patients with a good
rognosis (aged �35 years, with cryopreservation of super-
umerary embryos), the addition of a third embryo increases
he occurrence of HOMP, while PRs remain unchanged (2).
dditional embryos transferred may not confer significant

mprovements in PRs; understandably, however, a concom-
tant rise in the multiple gestations rate is observed with an
ncreasing number of embryos (13, 14, 18). Although the
ccurrence of high-order deliveries in fresh, nondonor cycles
ecreased from 7.0% in 1996 to 3.8% in 2002 (2), this still
epresents a �230-fold increase over the estimated natural
ccurrence of triplets (34).

Creating an algorithm that optimizes the probability of
stablishing pregnancy with an acceptable and minimal risk
f multiple gestation against the likelihood of a failed cycle
s not a simple task. We have shown that increasing the
umber of transferred embryos does not result in a mean-
ngful increase in the PR, but substantially increases the
robability of HOMP. In a randomized study of patients with
good response to stimulation, the number of embryos

ransferred per patient was decreased and, as a result,
OMPs were eliminated (17). By performing extended cul-

ure, characteristics permitting the identification of embryos
ith a higher implantation potential become more apparent.

Due to monozygotic twinning, the rate of triplet pregnan-
ies in two-embryo transfers is not zero. In our study, 2.4%
f multiple gestations resulted from monozygotic twinning;
fter extended culture, we observed a 3.1% monozygotic
winning rate. Although we also observed a significant in-
rease in monozygotic twinning in patients receiving blas-
ocysts compared to cleavage-stage ETs, the rate was less
han the reported 3.9%–13.2% incidence (35–38). The mech-
nism promoting monozygotic twinning in extended culture
emains unexplained.

A statistical increase in the proportion of twin pregnancies
as observed in patients aged �37 years after extended

ulture, consistent with trends observed on a national level
39). Given the clinical PRs per transfer for patients aged
35 years after blastocyst transfer (57.4%), for patients aged

5–37 years (51.7%), and for recipients of donated oocytes
56.6%), the high percentage of twinning (43.5%, 37.1%,

nd 44.5%, respectively) suggests that single ET for these

ertility and Sterility�
atients could be highly successful, and this alternative tech-
ique should be given serious consideration. Our assessment
s in agreement with that of others (40). Single ET is almost
ompletely protective against a triplet pregnancy (41), but
ill result in lower PRs. We eagerly look forward to the
evelopment of techniques to identify embryos that will
onsistently lead to live births. Retrospective studies, such as
his one, have clear limitations, but given the large number
f patients treated, and considering the protocol-based
hanges adapted during the study period that resulted from
ngoing quality analysis, we believe that our results are a
ignificant contribution to clinical practice.
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Continuous quality improvement and assisted
reproductive technology multiple gestations: some
progress, some answers, more questions
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The past decade has seen a fall in the number of embryos transferred accompanied by a reduction in the rate of
higher order multiple pregnancies occurring from U.S. assisted reproductive technology (ART) cycles, which is
temporally related to voluntary adherence to embryo transfer guidelines. The twin rate has remained relatively con-
stant. The ability to continue the reduction in multiple pregnancies while maintaining advocacy positions for both
patient couples and offspring will best occur with attention to scientific, sociologic, economic, and provider issues.
(Fertil Steril� 2007;88:301–4. �2007 by American Society for Reproductive Medicine.)
In this issue of Fertility and Sterility, the Society for Assisted
Reproductive Technology (SART) Writing Group demon-
strates that the institution of SART/American Society for
Reproductive Medicine (ASRM) guidelines have had a signif-
icant impact in reducing both the number of embryos trans-
ferred and the incidence of high order multiple (HOM)
pregnancies (1). Much progress is still required, however,
before our goal of a healthy singleton birth for all couples
is achieved. We also have pointed to some of the issues that
have resulted in multiple pregnancies and to current technical
limitations compromising the ability to further reduce multi-
ple pregnancies and, in particular, twin gestations.

The endeavor to markedly reduce the twinning rate with
current embryo selection strategies, except in highly selected
populations, appears to result in lower fresh pregnancy rates
(2). So to decide to actively lower the twin rate, the majority
of the U.S. ART community may have to change its priorities
from ‘‘the best chances of pregnancy with minimal risk of
HOM’’ to ‘‘the best chance of a singleton pregnancy with
no likelihood of multiple pregnancy.’’ Should this be the
only goal? To effect this change, there will need to be a com-
prehensive dialogue between reproductive endocrinologists,
neonatologists, perinataologists, and patients that outlines
the effects on mother and baby of a twin pregnancy (see
adjoining editorials). The dialogue will need to include the
balance between advocacy for patients and for in vitro fertil-
ization (IVF) offspring. Patient acceptance of the advantages
of exchanging lower birth rates for lower twin rates is vital,
which to date has not occurred.

What options are there to deal with the biological and
sociological barriers to further reduction in the rate of all
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multiple pregnancies, including twins? By what mechanisms
can we drive the current systems toward an acceptable solu-
tion of the issue of twining while maintaining the faith of our
current patients and the health of their future children? We
discuss some of the technical and sociopolitical issues that
confront the field of ART, and we discuss directions that
solutions might take.

INCREASING SCIENTIFIC KNOWLEDGE TO ALLOW
IMPROVED EMBRYO SELECTION

Multiple embryos are transferred due to the inability to select
a single embryo that will lead to a live birth. Governmental
funding for research in IVF has been restricted. Allocation
of valuable scientific resources would allow researchers to
enhance their ability to select the embryos with the greatest
likelihood for implantation. Our article addresses some of the
current limitations to embryo selection. Not only must the
techniques be possible, they must also be practical from
the standpoint of cost, availability, and timeliness. It is heart-
ening to see such National Institutes of Health (NIH) pro-
grams as the National Cooperative Program on Female
Health and Egg Quality, which attempts to address endoge-
nous and exogenous factors affecting oocyte quality. Scientific
investigation of the observed increase in health risks relating
to imprinting, preterm birth, and malformations warrants im-
mediate attention. The causation of these adverse outcomes,
whether related to ovulation induction, laboratory culture
technique, or the infertile couples themselves, must be clari-
fied. Improved research funding is essential for such studies.

ALTERING THE STRUCTURE OF INSURANCE COVERAGE
FOR ART

The linkage of savings from neonatal intensive care unit costs
for premature deliveries from multiple gestations with the
IVF coverage for IVF cycles that impose strict limits on em-
bryo transfer number has been shown to work in Europe. In
some European countries, couples are allowed six IVF cycles
Fertility and Sterility� Vol. 88, No. 2, August 2007 301
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if they agree to standards limiting the embryo transfer num-
ber. Evaluation of health costs has indicated that a reduction
in caring for HOM pregnancies would make this a cost-effective
position and make patients more accepting of limiting
embryo transfer numbers. This strategy would also have the
marked benefit of allowing couples to reach ARTat a younger
age, when better egg quality would result in higher pregnancy
rates, further enhancing cost effectiveness. This policy, how-
ever, has resulted in reported pregnancy rates that are lower
than those reported in the United States (3, 4). Reducing
the economic burden to patients while strictly adhering to
embryo transfer guidelines is an important component of
any further reduction in HOM pregnancies in the near term
until the science of embryo selection improves.

Because of the lack of linkage of ART costs with neonatal
savings, implementation of such coverage has been compli-
cated. Insurers have routinely argued against the inclusion
of infertility treatment coverage as a basic policy benefit,
claiming that the added costs of ART, especially IVF, will
contribute greatly to increased medical care costs. They state
that this could force employers to ultimately scale back or
withdraw their benefit plans entirely and add to the number
of uninsured (thus, scaring state legislatures). In a May
2006 study commissioned by RESOLVE: The National Infer-
tility Association, William Mercer Company surveyed the
experiences and attitudes of companies nationwide, both
large (over 1000 employees) and small (under 200 em-
ployees). Among more than 600 employers that provided in-
fertility coverage to their employees, 91% acknowledged that
the impact of providing such coverage on their medical care
costs was insignificant. In fact, 75% of these employers indi-
cated that providing such coverage and their image as a ‘‘fam-
ily friendly’’ employer has been a measurable advantage in
recruiting and retaining valued employees. The study also
suggested that employers not providing infertility coverage
would reconsider their decision if they could be shown evi-
dence of other employers’ positive experiences.

Overcoming the reticence of insurers and employers has
not been the sole problem; ART providers are ambivalent
about insurance coverage because of the generally inadequate
compensation and inconsistent, variable coverage across
insurance plans.

REAPPRAISING THE NATIONAL REPORTING SYSTEM

Annually, by law, ART clinics report their live birth rates,
stratified by age, diagnosis, and other variables. Although
each report is accompanied by a warning against attempting
to compare clinic success rates, the lay press annually pub-
lishes lists of the ‘‘best’’ clinics. This information is further
disseminated through Internet sites and clinic advertising.
There is the perception, expressed in medical journal articles
and the national press, that the ART report may subtly (or not
so subtly) affect ART clinic practice, not always for the better
(5). In our report, clinics with lower implantation rates were
sustaining acceptable live birth rates by transferring more
embryos, which produced higher triplet rates as well. Even
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with the statements cautioning against comparing clinics,
what are patients expected to do with the data? Can we say
that there is any difference between two clinics of average
size whose success rates are 38% and 43%?

If the national reporting system is part of the problem, how
do we address it? Can we protect the public, maintain trust,
and alter data presentation to downplay small differences in
pregnancy rates between clinics while emphasizing success-
ful results in the form of singleton pregnancies? Schieve et al.
have suggested emphasizing singleton pregnancy as the pri-
mary outcome in the national reporting system (6, 7), but
such a change requires that patients see singletons as more
desirable than twins. Others have suggested reporting im-
plantation rates to more accurately reflect embryo quality
(and likely program quality) (8). The former approach does
not reflect embryo or laboratory quality in that a compromised
program may transfer high numbers of embryos to sustain
their pregnancy rate. The latter approach is currently imple-
mented for SART clinics on the SART Web site. Although
implantation rate may reflect embryo quality and may poten-
tially be a better reflection of laboratory competence, it could
also merely reflect greater patient selection by a clinic.

Another consideration is to downplay small differences in
pregnancy results by reporting clinic rates as� 1 standard de-
viation from the national mean. This would simplify report-
ing and remove some of the competitive pressure on clinics
generated by the fact that many patients assign significance
to small percentage differences in pregnancy rates. However,
it is not clear that this would adequately serve consumer in-
terest (or satisfy the competitive nature of ART businesses).
Currently, SART is working with RESOLVE and the Ameri-
can Fertility Association to obtain their feedback as to what
information they would like to have about ART programs,
as they also recognize the problems with the ART reporting
system and have voiced support for seeing it evolve.

Do we consider more significant changes in reporting to
emphasize something other than fresh embryo-transfer preg-
nancies that would also change embryo-transfer strategy?
One possible change is to adjust reporting to include the total
reproductive potential (TRP) of a single IVF retrieval. The
TRP is the pregnancy rate accumulating from the fresh plus all
frozen transfers resulting from a single egg harvest. Published
reports show similar (though slightly lower) pregnancy out-
comes from transfer of one fresh embryo followed by transfer
of one embryo in a frozen cycle, rather than transferring two
embryos in the fresh cycle. There is a marked reduction in
multiple pregnancy with this treatment paradigm (9, 10).
This change would also mean changing the reporting to span
more than 1 year to allow for the frozen embryo transfers to be
included in the calculations. The past inability to link ART re-
sults to patients in a vertical fashion and across clinics is
a weakness of the current reporting system. It limits our under-
standing of ‘‘family-based’’ results (i.e., whether a couple had
ever conceived). One of the benefits of SART having a data set
independent from the Centers for Disease Control and Preven-
tion (CDC) data is the greater flexibility in making alterations
Vol. 88, No. 2, August 2007



in how outcome data can be shown. To markedly alter the
reporting system, all participants—the government, clinics,
and in particular, patients—must come together and agree.

IMPROVING PATIENT EDUCATION

Efforts to educate patients concerning the risks to the health
of infants, particularly twins, are valuable and must continue.
This should occur through the interaction of health profes-
sionals with their patients and should be supplemented with
an ongoing informed consent process. There has never been
a more important time for comprehensive informed consent,
and both ASRM and SARTare pursuing initiatives in this area.
In recent years, experience has accumulated concerning the
higher congenital anomaly rate and preterm birth rate of
ART pregnancies (11, 12). Up-front clinic policies concern-
ing embryo transfer number should be provided within the in-
formed consent process to reduce the confrontation between
clinicians and patients (and clinicians and embryologists)
over embryo transfer number. Ideally, this would be tied to
financial incentives, making couples more accepting of reduc-
ing embryo transfer number, and to better science, enabling
clinics to have greater faith in the selection of embryos.

SHOULD THERE BE REGULATION?

We hope not. Government regulation of a field as complex
and rapidly changing as ART runs a substantial risk of being
encumbered by inadequate flexibility. Changes in the law are
notoriously slow and struggle keep pace with a rapidly evolv-
ing technology. Variations between the state’s current regula-
tions have already resulted in reproductive tourism. But can
voluntary guidelines work? Voluntary guidelines on the num-
ber of embryos to transfer have already resulted in a marked
reduction in the percentage of HOM pregnancies. Calls to
further reduce embryo transfer number via legislation should
only be considered within the context of a comprehensive so-
lution to link the reduction in the costs of caring for prema-
ture HOM pregnancies to an increase in IVF ‘‘insurance’’
coverage. Furthermore, this should not be done without con-
sideration of the limitations of current embryo selection
techniques and a commitment to research.

Because the payers are often the infertile couples, simplis-
tic solutions to mandate overly restrictive embryo transfer
policies without balancing the financial costs doubly penal-
izes these couples. If European solutions are sought, both as-
pects (limitation of transfer number and reduced financial
burden on the infertile couple) must be implemented. Manda-
tory, nonelective single embryo transfer without the context
of an overall plan, compromises pregnancy outcome and im-
poses undue financial hardship on infertile couples. Vocal
proponents on both sides of this issue can be found (13, 14).

EMPHASIZING AND IMPROVING THE OVERSIGHT AND
EDUCATIONAL ASPECTS OF SART

Comprehensive educational efforts are being promoted by
SART, along with ASRM, through the dissemination of clin-
ical and basic research at our annual meeting, with postgrad-
Fertility and Sterility�
uate courses, plenary sessions, and oral/poster presentations.
These educational programs at our national meeting have em-
phasized reduction of the number of embryos transferred and
the multiple pregnancy issue.

The SART system for identifying consistently lower per-
forming programs and instituting mentorship can improve
outcomes. This activity is an integrated effort between the
Practice, Quality Assurance, Validation, and Advertising
Committees, which produce the standards for ART, provide
standard operating procedures to membership, and encourage
patient protection by validating individual clinic results.
Peers and patients are protected by evaluation of advertising
claims. This is a continuous quality improvement process. It
has been shown to be successful and its importance has
been underestimated. The above quality assurance processes
have now begun identifying those clinics that have excess
triplet rates as well as low overall success rates. In addition
to negative outliers, we also look at clinics that have been suc-
cessful at limiting multiple pregnancies; our purpose is to ac-
knowledge their leadership and evaluate what has worked for
them. The goal is to raise the performance of all clinics and to
improve the success of ART no matter how it is defined.

CONCLUSIONS

Further reduction in U.S. ART multiple pregnancies can be
approached from scientific, economic, and educational direc-
tions. Options will expand as old technologies evolve and
new ones develop. There are current models available in Eu-
rope, but it is not clear that economically balanced solutions
for U.S. patients, providers, and ART teams are forthcoming
in the present environment. While we wait for the scientific
knowledge that will end multiples gestation as an issue,
greater emphasis should be placed on advocacy for offspring
as well as infertile couples. The balance of patients’ needs,
societal needs, and those of ART offspring require compre-
hensive appraisal.

In our report and this editorial, we have focused on the prog-
ress that has been made toward the reduction of HOM preg-
nancies and the limitations we face in reducing the twinning
rate. We can be proud of the results of our voluntary efforts.
From here, there will be a spectrum of solutions of varying
merit from which to choose. As practitioners of ART and pa-
tient advocates, we can begin to make some of these difficult
choices ourselves, or we can wait until external regulation
forces arbitrary and perhaps overly simplistic solutions. Worse
still, we can wait until the tort system intervenes. The wrong
choice is to do nothing. While we wait for the science, there
are choices to be made. Let us be the ones who make them.

REFERENCES
1. Stern JE, Cedars MI, Jain T, Klein NA, Beaird CM, Grainger DA, et al.

Assisted reproductive technology practice patterns and the impact of

embryo transfer guidelines in the United States. Fertil Steril 2007;

88:275–82.

2. Van Montfoort AP, Fiddelers AA, Janssen M, Derhaag JG, Dirken CD,

Dunselman GA, et al. In unselected patients, elective single embryo
303



transfer prevents all multiples, but results in a significantly lower preg-

nancy rates compared with double embryo transfer: a randomized con-

trolled trial. Hum Reprod 2006;21:338–43.

3. FIVNAT-CH. Schweizerische Gesellschaft f€ur Reproduktionsmedizin

Soci�et�e Suisse de M�edecine de la Reproduction. Annual Report

2002.

4. Andersen N, Gianaroli L, Felberbaum R, deMouzon J, Nygren KG. The

European IVF-monitoring programme (EIM), for the European Society

of Human Reproduction and Embryology (ESHRE). Assisted reproduc-

tive technology in Europe, 2001. Results generated from European reg-

isters by ESHRE. Human Reprod 2005;20:1158–76.

5. Jones HW, Schnorr JA. Multiple pregnancies: a call for action. Fertil

Steril 2001;75:11–23.

6. Schieve LA, Reynolds MA. What is the most relevant standard of success

in assisted reproduction? Challenges in measuring and reporting success

rates for assisted reproductive technology treatments: what is optimal?

Hum Reprod 2004;19:778–82.

7. Kissin DM, Schieve LA, Reynolds MA. Multiple-birth risk associated

with IVF and extended embryo culture. Hum Reprod 2005;20:2215–23.
304 Gibbons et al. Fewer IVF triplets, now what?
8. Pinborg A, Loft A, Ziebe S, Nyboe Andersen A. What is the most rele-

vant standard of success in assisted reproduction? Is there a single

‘parameter of excellence’? Hum Reprod 2004;19:1052–4.

9. Vilska S, Martikainen H. Single embryo transfer reduces pregnancy risk.

Duedecim 2002;118:522–6.

10. Thurin A, Hausken J, Hillensjo T, Jablonowska B, Pinborg A,

Strandell A, et al. Elective single-embryo transfer versus double-embryo

transfer in in vitro fertilization. N Engl J Med 2004;351:2392–402.

11. Hansen M, Kurinczuk JJ, Bower MB, Webb S. The risk of major birth

defects after intracytoplasmic sperm injection and in vitro fertilization.

N Engl J Med 2002;346:725–30.

12. Schieve LA, Meikle SF, Ferre C, Peterson HB, Jeng G, Wilcox LS. Low

and very low birth weight in infants conceived with use of assisted repro-

ductive technology. N Engl J Med 2002;346:731–7.

13. De Neubourg D, Gerris J. What about the remaining twins since single-

embryo transfer? How far can (should) we go? Hum Reprod 2006;21:

843–6.

14. Gleicher N, Barad D. The relative myth of elective single embryo trans-

fer. Hum Reprod 2006;21:1337–44.
Vol. 88, No. 2, August 2007



ASRM ETHICS COMMITTEE REPORT

Financial compensation of oocyte donors
The Ethics Committee of the American Society for Reproductive Medicine

American Society for Reproductive Medicine, Birmingham, Alabama
1. Financial compensation of women donating oocytes for in-
fertility therapy or for research is justified on ethical
grounds.

2. Compensation should be structured to acknowledge the
time, inconvenience, and discomfort associated with
screening, ovarian stimulation, and oocyte retrieval. Com-
pensation should not vary according to the planned use of
the oocytes, the number or quality of oocytes retrieved,
the number or outcome of prior donation cycles, or the do-
nor’s ethnic or other personal characteristics.

3. Total payments to donors in excess of $5,000 require
justification and sums above $10,000 are not appropriate.

4. To discourage inappropriate decisions to donate oocytes,
programs should adopt effective information disclosure
and counseling processes. Donors independently recruited
by prospective oocyte recipients or agencies should
undergo the same disclosure and counseling process as do-
nors recruited by the program.

5. Oocyte-sharing programs should formulate and disclose
clear policies on the eligibility criteria for participants
and on how oocytes will be allocated, especially if a low
number of oocytes or oocytes of varying quality are
produced.

6. Treating physicians owe the same duties to oocyte donors
as to any other patients. Programs should ensure equitable
and fair provision of services to donors.

7. Programs should adopt and disclose policies regarding cov-
erage of an oocyte donor’s medical costs should she expe-
rience complications from the procedure.

During the last 2 decades, oocyte donation increasingly has
been accepted as a method of assisting women without
healthy oocytes to have children. In addition to coordinating
the voluntary and usually unpaid donation of oocytes from
friends and relatives, a number of programs offer financial
compensation to oocyte donors. These remunerations take
the form of monetary payment to donors or reduced fees to
IVF patients who agree to provide oocytes to others. Pro-
grams also provide services to couples who have obtained oo-
cyte donors through their own offers of payment or through
agencies that recruit oocyte donors. Finally, recent scientific
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developments suggest that oocyte donation may become an
important process in the field of stem cell research.

The use of financial compensation raises two ethical ques-
tions: [1] do recruitment practices incorporating remunera-
tion sufficiently protect the interests of oocyte donors, and
[2] does financial compensation devalue human life by treat-
ing oocytes as property or commodities?

When oocyte donation first became clinically available,
three sources of donor oocytes were envisioned: [1] women
undergoing IVF who produced more oocytes than could be
reasonably employed for their own use, [2] women undergo-
ing an unrelated surgical procedure who undertook controlled
ovarian stimulation (COS) so oocytes could be retrieved
during surgery, and [3] women who agreed to undergo
COS and oocyte retrieval specifically to provide oocytes to
others.

However, the clinical success of embryo cryopreservation
led most women in the first group to choose to have all their
oocytes fertilized and embryos stored for their own future
use. Most women in the second group were unwilling to
accept the burdens associated with COS or were excluded
from donating for medical reasons. In the face of a growing
medical need for donor oocytes, financial compensation of
oocyte donors in the first and third groups has become
routine.

TYPES OF REMUNERATION

In recognition of the significant time, inconvenience, and dis-
comfort associated with oocyte donation, two types of remu-
neration are common. One is monetary compensation to
women who undergo COS and oocyte retrieval for the sole
purpose of providing donor oocytes. Another form of finan-
cial compensation involves an arrangement known as oocyte
sharing. In this arrangement, a woman may undergo IVF at
a reduced cost in exchange for providing some of her oocytes
to another patient.

A survey published in 1993 found that approximately 60%
of responding programs offered payment to women undergo-
ing oocyte retrieval solely to provide oocytes to others (1). In
2004, 94% of the 411 assisted reproduction programs report-
ing to the Centers for Disease Control (CDC) stated that they
offered oocyte donation services (2).
Fertility and Sterility� Vol. 88, No. 2, August 2007 305
Society for Reproductive Medicine, Published by Elsevier Inc.



Although there is some variation in compensation arrange-
ments, they have certain features in common. Programs, in-
fertile couples, and independent agencies recruit women for
oocyte donation through advertising, often through notices
in college or other local newspapers. By early 2005, some
IVF programs offered as much as $8,000 for one retrieval, al-
though smaller sums appeared to be more common. Regional
influences seem to account for these differences. Although
such payments have generally not been verified, much higher
sums—$50,000 or more—have been offered in print and
Internet advertisements placed by couples or entrepreneurs
seeking oocytes from women with specific physical, cultural,
or other characteristics and intellectual or other abilities.

Few detailed descriptions of US oocyte-sharing programs
have been published. It seems that IVF patients in these shar-
ing arrangements generally donate up to half the oocytes re-
trieved in a single cycle to another patient, in return for
a 50%–60% reduction in the total costs of the IVF cycle
(3). Oocyte-sharing programs reportedly exist in a number
of other countries, including the United Kingdom, Israel,
Denmark, Australia, Spain, and Greece (4).

ETHICAL CONCERNS RAISED BY REMUNERATION

Both monetary compensation and oocyte sharing create the
possibility of undue inducement and exploitation in the oo-
cyte donation process. Women may agree to provide oocytes
in response to financial need. High payments could lead some
prospective donors to conceal medical information relevant
to their own health or that of their biologic offspring. Patients
undergoing IVF who cannot afford the procedure may, be-
cause of the intensity of their desire to have children, consent
to share oocytes without careful consideration of risks and
burdens. With both types of compensation, there is a possibil-
ity that women will discount the physical and emotional risks
of oocyte donation out of eagerness to address their financial
situations or their infertility problems. Financial compensa-
tion also could be challenged on grounds that it conflicts
with the prevailing belief that gametes should not become
products bought and sold in the marketplace.

Concerns Raised by Payment

Women undergoing retrieval purely to provide oocytes to
others are exposed to physical and psychologic burdens
they would not otherwise face. There is some risk of uninten-
tional pregnancy, because hormonal contraceptives must be
discontinued for donation to occur. Donors also are exposed
to risks of morbidity and a remote risk of mortality from COS
and oocyte retrieval. Although the data are unclear at this
time, it is possible that fertility drugs and procedures involved
in oocyte donation could increase a woman’s future health
risks, including the risk of impaired fertility (5). Young
women may be prone to dismiss the potential psychologic
consequences of donation, particularly those that could arise
if they later experience infertility problems themselves. In ad-
dition, they may underestimate the psychologic and legal
306 Ethics Committee Financial compensation of oocyte d
consequences of their agreement to forgo parental rights
and future contact with children born to oocyte recipients.

Another ethical concern is that payment for oocytes im-
plies that they are property or commodities, and thus devalues
human life. Many people believe that payment to individuals
for reproductive and other tissues is inconsistent with main-
taining important values related to respect for human life
and dignity. This view is reflected in state and federal laws
prohibiting direct payment to individuals providing organs
and tissues for transplantation. Yet such laws generally per-
mit organ and tissue donors to receive reimbursement for
expenses and other costs associated with the donation
procedure. In the analogous circumstance of biomedical re-
search, human subjects exposed to physical and psychologic
risks are often reimbursed for expenses. Moreover, they may
receive additional payments to compensate for the time and
inconvenience associated with study participation. These
facts support the compensation of oocyte donors regardless
of the ultimate use of the oocytes (e.g., fertility therapy or
research).

Compensation based on a reasonable assessment of the
time, inconvenience, and discomfort associated with oocyte
retrieval can and should be distinguished from payment for
the oocytes themselves. Payment based on such an assess-
ment is also consistent with employment and other situations
in which individuals are compensated for activities demand-
ing time, stress, physical effort, and risk.

As payments to women providing oocytes increase in
amount, the ethical concerns increase as well. The higher
the payment, the greater the possibility that women will dis-
count risks. High payments, particularly for women with spe-
cific characteristics, also convey the idea that oocytes are
commercial property. Moreover, high payments are disturb-
ing because they could be used to promote the birth of per-
sons with traits deemed socially desirable, which is a form
of positive eugenics. Such efforts to enhance offspring are
morally troubling because they objectify children rather
than assign them intrinsic dignity and worth. Finally, high
payments could make donor oocytes available only to the
very wealthy.

Concerns Raised by Oocyte Sharing

Women participating in oocyte-sharing programs undergo
COS and oocyte retrieval for their own benefit and to assist
the oocyte recipient. Yet oocyte sharing presents the possibil-
ity of added burdens to such women. In some cases, few
oocytes may be produced. Donors with few oocytes available
for the initial IVF cycle may have their chances of pregnancy
reduced. All donors will have fewer oocytes to create em-
bryos for their own possible later use; thus, some may need
to undergo additional COS and retrieval procedures.

Donors in oocyte-sharing programs also may be required
to undergo the additional medical and psychologic screening
required of oocyte donors. They also may experience extra
onors Vol. 88, No. 2, August 2007



psychologic burdens. A donor who remains childless may
feel added distress based on her knowledge that another cou-
ple may become the parents of a child genetically related to
her. In a 1997 British survey, 8% of 79 donors who failed
to become pregnant reported experiencing such distress (4).

Oocyte sharing also raises concerns related to commodifi-
cation of human life. Women undergoing IVF with the hope
of having their own children receive a financial benefit in ex-
change for providing oocytes to others. Critics of oocyte
sharing argue that it involves ‘‘an indirect form of egg—
and ultimately child—buying’’ (6).

Women undergoing IVF who agree to share oocytes accept
the added time, inconvenience, and discomfort associated
with the enhanced medical and psychologic screening ac-
companying oocyte donation. It could be argued that the re-
duction in their IVF costs is payment for these and other
added burdens entailed in sharing oocytes, rather than for
the oocytes themselves. This characterization is somewhat
strained, however. The preferable approach is to acknowl-
edge the potential for commercialization inherent in such ar-
rangements and to consider whether the benefit of expanded
access to IVF is sufficient to override this moral concern.

JUSTIFICATIONS FOR PERMITTING REMUNERATION

Although potential harm must be acknowledged and ad-
dressed, financial compensation may be defended on ethical
grounds. First, providing financial incentives increases the
number of oocyte donors, which in turn, allows more infertile
persons to have children. Second, the provision of financial or
in-kind benefits does not necessarily discourage altruistic
motivations; indeed, in surveys of women receiving such
benefits, most reported that helping childless persons re-
mained a significant factor in their decisions to donate
(4, 7–9). In a recent survey of donors who had been compen-
sated up to $5,000, 88% of subjects reported that the best
thing about the donation experience was ‘‘being able to
help someone’’ (8).

Third, financial compensation may be defended on
grounds that it advances the ethical goal of fairness to donors.
There is no doubt that egg donors bear burdens on behalf of
recipients and society, and compensation for bearing those
burdens are justified morally. Because the burdens of dona-
tion are similar regardless of the ultimate use of the oocytes,
compensating egg donors for fertility therapy differently
from donors for research cannot be justified. Thus, we dis-
agree with the recommendation of the National Academy
of Sciences with respect to compensation for oocyte donation
for stem cell research (10).

The failure to provide financial or in-kind benefits to oo-
cyte donors would arguably demean their significant contri-
bution. Such an approach also would treat female gamete
donors differently from sperm donors, who typically receive
a financial benefit (albeit a modest one) for a much less risky
and intrusive procedure. Fourth, the pressures created by
Fertility and Sterility�
financial incentives do not necessarily exceed and may be
less than those experienced by women asked to make altruis-
tic donations to relatives or friends.

Although the physical and psychologic risks entailed in
oocyte donation are real, they are not so severe as to justify
intervention to limit the decision-making authority of adult
women. Programs offering financial incentives should take
steps to minimize the possibility of undue influence and ex-
ploitation by incorporating certain safeguards into the disclo-
sure and counseling processes. Programs can also structure
the provision of incentives in ways that reduce the likelihood
that women will be improperly influenced to donate. Such
steps would reflect good ethical practice and reduce the like-
lihood of later legal action by dissatisfied donors.

DISCLOSURE AND COUNSELING

To discourage improper decisions to donate oocytes, pro-
grams should adopt effective information disclosure and
counseling processes. Regardless of how prospective donors
are recruited, programs should ensure that they receive accu-
rate and meaningful information on the potential physical,
psychologic, and legal effects of oocyte retrieval and dona-
tion. The potential negative health and psychologic conse-
quences should be openly acknowledged. In the case of
oocyte sharing, it is important that the unique implications
for prognosis and participant burden be addressed in the
counseling and informed consent processes. Prospective do-
nors should understand the measures they must take to avoid
unwanted pregnancy during a stimulation cycle. They also
should understand that they could later develop desires to es-
tablish contact with genetically related children, desires that
may be difficult or impossible to satisfy because of legal or
other barriers.

Donor candidates should be encouraged to explore their
possible emotional responses, particularly those that could
develop if they have infertility problems themselves. To re-
duce the incidence of subsequent psychologic problems, it
would be prudent to limit donors to those who are 21 or older
and have the emotional maturity to make such decisions (11).

To enhance the likelihood that information relevant to do-
nation will be fully explored, programs are encouraged to
designate an individual with psychologic training and exper-
tise to counsel prospective donors (12). This individual’s pri-
mary responsibilities are to ensure that the prospective oocyte
donor understands and appreciates the relevant information
and feels free to decide against donation if doubts arise at
any point before completion of the procedure. The pros-
pective donor’s motivation should be explored during the
session, with the goal of ascertaining whether she fails to ap-
preciate the full consequences of her donation or is improp-
erly discounting the risks because of her economic status or
infertility problems.

Some empiric data show that egg donors may want to know
whether children are born as a result of their donations.
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Others may have preferences about how their donated eggs
are used (13). For example, they may not want eggs to be pro-
vided to unmarried persons or unused embryos produced with
their eggs to be destroyed. Program staff should discuss with
prospective donors the amount of information they will be
given about whether a birth occurs and any control they
will have over oocyte disposition.

THE INCENTIVE STRUCTURE

Payment

Payments to women providing oocytes should be fair and not
so substantial that they become undue inducements that will
lead donors to discount risks. Monetary compensation should
reflect the time, inconvenience, and physical and emotional
demands associated with the oocyte donation process.

A 1993 analysis estimated that oocyte donors spend
56 hours in the medical setting, undergoing interviews, coun-
seling, and medical procedures related to the process. Ac-
cording to this analysis, if men receive $25 for sperm
donation, which this analysis estimated as taking 1 hour,
oocyte donors should receive at least $1,400 for the hours
they spend in the donation process (14). In 2000, the average
payment to sperm donors was $60–$75, which this analysis
suggests would justify a payment of $3,360–$4,200 to oocyte
donors.

The above analysis fails to consider the time spent by
sperm donors undergoing interviewing and screening. Even
if this additional time is taken into account, however, the
lengthier time commitment of women providing oocytes sup-
ports substantially higher payments to them than to sperm
donors. Moreover, because oocyte donation entails more
discomfort, risk, and physical intrusion than sperm donation,
sperm donor reimbursement rates are reasonably considered
to underestimate the amount that is appropriate for women
providing oocytes.

It has been suggested that compensation for oocyte donors
should be given for the hours spent on medication and on
clinic visits, with the hourly rate based on the mean hourly
wage of persons with demographic characteristics similar
to those of the donor (15). This method of establishing pay-
ment rates presents practical difficulties and arguably would
be unfair to women from lower income groups.

Although there is no consensus on the precise payment that
oocyte donors should receive, at this time sums of $5,000 or
more require justification and sums above $10,000 are not ap-
propriate. Programs recruiting oocyte donors and those as-
sisting couples who have recruited their own donors should
establish a level of compensation that minimizes the possibil-
ity of undue inducement of donors and the suggestion that
payment is for the oocytes themselves. A recent survey indi-
cates that these sums are in line with the practice of most
SART member clinics (16).

Payment also should reflect the amount of time expended
and the burdens of the procedures performed. Thus, a woman
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who withdraws for medical or other reasons should be paid
a portion of the fee appropriate to the time and effort she con-
tributed. To protect the donor’s right to withdraw, oocyte re-
cipients must accept the risk that a donor will change her
mind. In no circumstances should payment be conditioned
on successful retrieval of oocytes or number of oocytes
retrieved. Likewise, donors should never be required to cover
the costs of the interrupted cycle. To avoid putting a price on
human gametes or selectively valuing particular human traits,
compensation should not vary according to the planned use
of the oocytes (e.g., research or clinical care), the number
or quality of oocytes retrieved (11), the outcome of
prior donation cycles, or the donor’s ethnic or other personal
characteristics.

Oocyte Sharing

Designing a fair oocyte-sharing program requires attention to
a number of issues. As noted above, the general approach is to
reduce the donor’s total IVF costs by about half, in exchange
for a donation of half the oocytes retrieved. This appears to be
a reasonable allocation of benefits and costs. Because donors
are still responsible for the remaining IVF costs, the differ-
ence in fees seems not so extreme as to induce women to ac-
cept risks they would ordinarily reject. In contrast, a program
that charged no IVF fee to oocyte donors would raise serious
concerns about undue inducement.

The discussion above illustrates that oocyte sharing in-
volves unique issues of counseling and informed consent.
Programs have an obligation to use their best medical judg-
ment to identify good prognosis candidates eligible for oo-
cyte sharing so that any negative impact on the donor’s
prognosis is minimized and cases resulting in a low number
of oocytes of acceptable quality are avoided. At a minimum,
oocyte-sharing programs should formulate and disclose clear
policies on the eligibility criteria for oocyte-sharing partici-
pants and on how oocytes will be allocated, with particular
attention to the case in which a low number of oocytes or oo-
cytes of varying quality are produced. Because of the dispro-
portion in knowledge and expertise between egg-sharing
programs and potential donors, and because of the medical
risks that donors bear, the program should commit to provid-
ing some minimal number of oocytes that is clearly compat-
ible with a good prognosis for conception to the donor before
additional oocytes are shared. If a donor is accepted into an
oocyte-sharing program, the reduction in fees should not be
conditioned on retrieval of a particular number of oocytes
or quality of oocytes retrieved (11).

ADDITIONAL ETHICAL CONSIDERATIONS

Once the donation process begins, oocyte donors become
patients owed the same duties present in the ordinary
physician–patient relationship. Programs should ensure that
every donor has a physician whose primary responsibility is
caring for the donor. Oocyte donor program staff should rec-
ognize that physicians providing services to both donors and
onors Vol. 88, No. 2, August 2007



recipients could encounter conflicts in promoting the best in-
terests of both parties and should create mechanisms ensuring
equitable and fair provision of services.

Programs offering either type of financial incentive should
adopt and disclose policies regarding coverage of an oocyte
donor’s medical costs should she experience health complica-
tions from the procedure (11). Ideally, programs should ensure
that donors will be covered for any health care costs resulting
from the procedure. Programs also should consider whether to
make psychologic services available to oocyte donors who ex-
perience subsequent distress related to the procedure.

Programs offering financial incentives should ensure that
advertisements for donors are accurate and responsible. If fi-
nancial or other benefits are noted in advertisements, the ex-
istence of risks and burdens also should be acknowledged.
Donors independently recruited by prospective oocyte recip-
ients or agencies should undergo the same disclosure and
counseling processes as donors recruited by the program. If
donors have been independently recruited, programs should
ascertain whether excessive or improper incentives were of-
fered. Programs should refuse to participate if prospective
oocyte recipients or recruiting agencies have offered exces-
sive payment that could compromise the donor’s free choice
or have engaged in other ethically inappropriate conduct.
Programs should adopt procedures and standards for deter-
mining when independent recruitment arrangements involve
unacceptable payment. Programs should not assume that
known donors such as family or friends are not being com-
pensated. In a recent study of recipients using known and
anonymous donors, all but one of the known donors had
been compensated, and there were no differences in amounts
provided to known or anonymous donors (17).

To limit the health risks of donation and to avoid inadver-
tent consanguinity among offspring, programs should limit
the number of times a woman may undergo retrieval proce-
dures purely to provide oocytes to others (11, 18). A good-
faith effort should be made to avoid accepting women who
have already made a high number of donations elsewhere.
Finally, all IVF programs offering oocyte donation should en-
courage further study of the medical and psychologic effects
on donors. Findings from such research could improve eval-
uation of risks and benefits and allow programs to provide
more accurate information to prospective donors.
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CONTRACEPTION

A prospective study of oral contraceptive use and risk
of myocardial infarction among Swedish women
Karen L. Margolis, M.D.,a Hans-Olov Adami, M.D.,b Juhua Luo, M.S.,b Weimin Ye, M.D.,b

and Elisabete Weiderpass, M.D.b,c

a HealthPartners Research Foundation, Minneapolis, Minnesota; b Department of Medical Epidemiology and Biostatistics,

Karolinska Institutet, Stockholm, Sweden; and c The Cancer Registry of Norway, Oslo, Norway

Objective: To determine the risk for incident myocardial infarction (MI) in women exposed to modern formula-
tions of oral contraceptives (OCs).
Design: Population-based, prospective cohort study begun in 1991 with follow-up through 2002 for an average of
11 years.
Patient(s): A total of 48,321 Swedish women aged 30–49 randomly selected from the population residing in the
Uppsala Health Care Region of Sweden in 1990–91.
Main Outcome Measure(s): Fatal and nonfatal MI ascertained through linkages with nationwide health registries
for death, hospitalization, and emigration.
Result(s): There were 214 incident cases of MI. Compared with never users, neither former (relative risk, 1.0; 95%
confidence interval, 0.7–1.4) nor current (relative risk, 0.7; 95% confidence interval, 0.4–1.4) OC users at study
enrollment had an elevated risk of future MI in models adjusted for coronary heart disease risk factors. Risk of
MI was not elevated by prolonged use or in subgroups defined by characteristics of the women or types of OC.
Conclusion(s): Use of OC was not associated with an increased risk of MI in this prospective study, in which most
current users of OC were taking low-dose estrogen and second- or third-generation progestins. (Fertil Steril�

2007;88:310–6. �2007 by American Society for Reproductive Medicine.)

Key Words: Oral contraceptives, coronary heart disease, myocardial infarction
As one of the most popular methods of birth control, oral con-
traceptives (OCs) are used by more than 100 million women
worldwide, including large numbers of women in the devel-
oping world (1). In the United States, 80% of all women born
since 1945 have used OCs, and the proportion is similar or
higher among European women (1, 2).

Ever since the first OC became available in the 1960s, ad-
verse cardiovascular effects and multiplicative effects in
smokers have been reported (3–5). Although modern formu-
lations of OCs incorporate substantially lower estrogen doses
and newer progestins with fewer adverse effects on lipids,
persistent concerns about an increase in coronary heart dis-
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ease (CHD) events (including nonfatal myocardial infarction
[MI] and CHD-related death) remain unresolved. Although
the absolute incidence of MI is low in young women, even
a small increase in risk could have public health importance
because of the high prevalence of OC use. Furthermore,
women in their late 30s and 40s are increasingly frequent
users of OCs: in 2002, 14% of women aged 40–44 reported
current use of OCs, which is an increase from the 4% reported
in 1995 (6, 7).

Few prospective studies have compared the risk of CHD
events in current or past users of OCs with that of nonusers,
and all pertain to OC use in the 1970s and 1980s, when pills
commonly contained high-dose estrogen (8–12). These have
been fairly consistent in showing an elevation of MI risk
among current OC users who were smokers (8–11), and
some studies showed an increased MI risk among past OC
users who were smokers (8, 10). Case-control studies report-
ing data collected since lower dose estrogen pills came into
common use have been contradictory, with some showing
modest elevation in risk among nonsmokers and others show-
ing no excess risk even among smokers (13–21). The Swedish
Women’s Lifestyle and Health Cohort Study, a population-
based, prospective study started in 1991, is specifically de-
signed to examine the long-term health effects of hormonal
contraceptives. We analyzed data from this large study to
0015-0282/07/$32.00
, Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.206
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examine the risk for incident MI in women exposed mainly to
low-dose formulations of OCs during their reproductive
years.

METHODS

Study Participants and Data Collection

The Women’s Lifestyle and Health Study, a prospective co-
hort study of 106,841 Norwegian and Swedish women aged
30–49 in Norway and Sweden, has been described in detail
elsewhere (22, 23). This analysis is restricted to the Swedish
women, who were monitored with regard to vital status, em-
igration, and incidence of fatal and nonfatal MI since 1991–
92. The source population in Sweden consisted of all women
who were 30–49 years old and resided in the Uppsala Health
Care Region in 1990–91. Women were randomly selected
from the populations within four 5-year birth cohorts (ages
30–34, 35–39, 40–44, and 45–49 years). A total of 96,000
women were invited to participate, and 49,259 (51.3 %) re-
turned the questionnaire. Although the characteristics of the
nonrespondents are not known, the response rate represents
a much higher proportion of the invited population than is
typically enrolled in population-based prospective cohort
studies. All of the women provided informed consent before
participating in the study. The responsible data inspection
boards and ethics committees approved the study design.

Exposure and covariate data in the cohort are based on self-
reported information collected in a questionnaire adminis-
tered at cohort enrollment. The questionnaire included
questions about demographic characteristics, medical his-
tory, reproductive history, active and passive smoking expo-
sure, alcohol intake, physical activity, height, weight, and
a detailed assessment of contraceptive use. To facilitate re-
call, a color brochure with pictures of almost all contraceptive
pill packages ever sold in Sweden was sent to all women.
Questions about exposure to hormonal contraceptives in-
cluded summary measures, such as ever having used an
OC, current OC use, total duration of use, and age at first
use. Detailed information was also collected about each
specific period of use, defined as any continuous use of one
specific hormonal contraceptive brand. Up to 10 different
periods of use were reported, with questions about age at
starting, duration of use, and brand name.

Based on a combination of the summary measures and the
detailed information about each period of use, we calculated
the total duration of use, time since last use, time since first
use, and current use (defined as use within the previous
year). We further classified OC types according to combined
OC versus progestin-only pill, estrogen dose (low-dose [de-
fined as <50 mg ethinyl estradiol or <75 mg mestranol] vs.
high dose), monophasic versus sequential, and generation
of progestin. Following the classification of Keeling (5), nor-
gestrel and levonorgestrel were designated as second-gener-
ation progestins and desogestrel was designated as third
generation. The following progestins were designated as first
generation: norethisterone (norethindrone), norethynodrel,
lynestrenol, ethynodiol acetate, and chormadinone acetate.
Fertility and Sterility�
Megestrol, quingestanol, and cyproterone acetate were clas-
sified as other progestins.

Follow-up

Follow-up of the cohort was achieved through linkages with
existing nationwide health registers. Because each resident in
Sweden is assigned a unique national registration number,
one can link the data from the cohort with these registers
for virtually complete follow-up with respect to death, emi-
gration, and MI. Information on death and emigration was
collected through linkage to Statistics Sweden. Information
on fatal and nonfatal MI was collected through linkage to
the National Causes of Death Register and the National
Hospital Discharge Register (ICD-9 code 410 or ICD-10
code I21 or I22 for acute MI).

This method of ascertainment has been shown to be both
sensitive and specific for hospitalized and fatal MI (24). Dur-
ing 1987–95, 360,000 cases of acute MI were identified, of
which 39% were in women. A random sample of 2065 med-
ical records of patients aged 30–79 with a discharge ICD-9
code for acute MI [410] or ischemic heart disease [411–
414] was selected. Of these, 1848 records could be obtained
and adjudicated based on a standard definition combining
autopsy results, electrocardiogram findings, markers of
myocardial injury, and symptoms. In 1995, 95.4% of cases
coded as ICD9 410 were classified as definite or probable
acute MI. The corresponding proportion in 1987 was
94.4%. Among cases reported as ICD-9 codes 411–414,
2.9% met the criteria for acute MI.

The start of follow-up was defined as the date of return of
the questionnaire during 1991–92. Person-years were calcu-
lated from the start of follow-up to the primary diagnosis of
fatal or nonfatal MI, date of emigration or non-CHD death,
or the end of follow-up (December 31, 2002), whichever
came first. The mean follow-up was 11.0 years. The respon-
sible data-monitoring boards and ethics committees approved
the study design, and all women gave informed consent
before participating in the study.

Statistical Analysis

From the initial cohort, we excluded 204 women with a self-
reported history of MI or stroke at enrollment. We further ex-
cluded 28 women for whom linkage data with the National
Hospital Discharge Register showed hospitalization for MI
before enrollment, 663 women who were missing informa-
tion on use of OC or smoking, and 43 women who reported
only use of injectable or implanted progestin-only contracep-
tives. Thus, the final analysis was based on data from 48,321
women. The relation between OC use and MI was assessed
using time-to-event analyses.

Proportional hazard models (Proc PHREG, SAS Version
9.1; SAS Institute, Inc., Cary, NC) were used to estimate the
hazard ratio as a measure of relative risk (RR) and with 95%
confidence interval (CI), controlling for potential con-
founders. In each comparison, OC never users were used as
the reference. The following covariates assessed at enrollment
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were considered as potential confounders of the association
between OC use and MI and included in multivariable analy-
ses: age, years of education, body mass index (BMI), smoking
status (never, former, current, and pack-years for former and
current smokers), history of passive smoking, alcohol intake
(grams/day), physical activity (very low, low, moderate,
high, very high), history of hypertension, history of diabetes,
ever having been told by a physician not to take OCs, and
menopausal status at enrollment.

To assess possible effect modification, we first estimated
hazard ratios comparing never, past, and current OC use
and stratified models by smoking status, hypertension, diabe-
tes, estrogen dose, and type of progestin. We then assessed ef-
fect modification on a multiplicative scale by modeling
interaction terms and calculating log-likelihood ratio tests
to assess whether interaction terms were significantly differ-
ent than 0.

We were unable to examine OC use as a time-dependent
predictor as we did not have information on postenrollment
OC use. Many current users discontinued OC use during 11
years of follow-up but were probably less likely to do so
early in the follow-up period. Therefore, to assess the risk
of early versus late MI among never users, former users,
and current OC users, we examined time-to-event curves
among all cases of MI and compared them using the Wil-
coxon test.
312 Margolis et al. Oral contraceptives and myocardial in
RESULTS

Approximately 17% of the study participants had never
used OCs, 68% were former users, and 14% were current
users at enrollment (Table 1). More than half of current
users were aged 35 and older. Compared with never users,
current OC users were younger, leaner, more educated,
drank more alcohol, were more likely to smoke and have
been exposed to second-hand smoke, were more likely to
report high levels of physical activity, were less likely to
be menopausal, and were less likely to have hypertension
or diabetes. For most variables, former users had character-
istics intermediate between current and never users, except
that they were the most likely to smoke and had the high-
est alcohol intake.

Most OC users began using them while in their teens and
early 20s (Table 2). Most former users had used OCs for
less than 10 years, while most current users had used them
for more than 10 years. Few women (15% of former users
and 7% of current users) had ever been told to stop taking
OCs by a physician. Among these women, 33% were former
smokers, 33% were current smokers, 26% had hypertension,
and 3% had diabetes. The majority of women had exclusively
used combined OCs, but a substantial proportion of women
had used both combined OCs and progestin-only pills. Few
women had used progestin-only pills exclusively, but 28%
of current OC users took a progestin-only preparation. About
TABLE 1
Baseline characteristics of women enrolled in the Women’s Lifestyle and Health Study, by oral
contraceptive use.

Never used Former user Current user

Subjects, n (%) 8013 (16.6) 33,507 (69.3) 6801 (14.1)
Age at enrollment:

Mean, years 41.5 39.9 36.7
30–34, % 17.8 25.0 44.9
35–39, % 20.9 24.6 29.2
40–44, % 25.8 26.9 17.9
45–49, % 35.5 23.6 8.0

Mean BMI (kg/m2) 23.9 23.5 23.0
Mean years of education 11.9 12.3 12.3
Mean alcohol use, g/day 2.6 3.7 3.5
Ever smoking, % 44.0 63.4 57.5
Current smoking, % 21.4 30.4 26.3
Passive smoking, % 18.0 21.9 20.6
Physical activity, %:

Very low or low 14.2 15.3 14.4
Normal 62.4 59.3 58.5
High or very high 23.4 25.4 27.1

Menopausal, % 3.7 2.6 1.1
Hypertension, % 9.4 9.4 8.4
Diabetes, % 1.9 1.2 0.9

Margolis. Oral contraceptives and myocardial infarction. Fertil Steril 2007.
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TABLE 2
Description of patterns of oral contraceptive use for past and current users.

Former user, % Current user, %

Age at first use, years:
<20 61.8 54 .9
20–24 23.8 31.7
25–29 7.9 9.1
30þ 6.9 3.3

Duration of use, years:
<5 48.6 14.5
5–9 28.3 22.7
10–14 15.3 30.4
15þ 6.2 31.8

Doctor ever recommended to stop use 15.5 7.3
Used for a reason other than to prevent pregnancy 20.4 24.5
Type of OCs in ever users:

Progestin only 2.3 3.3
Combined OCs only 65.2 52.2
Mixed 32.5 44.5

Generation of progestin in ever combined OC users:
Second or third only 30.2 30.0
All others 69.8 70.0

Estrogen dose in ever combined OC users:
Only low dose 13.3 21.9
All others 86.7 78.1

Type of contraceptive in current users:
Progestin-only (including injected or implanted) 27.9
Combined OCs 72.1

Generation of progestin in current combined OC users:
Second or third 81.9
First 18.1

Estrogen dose in current combined OC users:
Low dose 81.7
High dose 18.3

Margolis. Oral contraceptives and myocardial infarction. Fertil Steril 2007.
one-third of all users had only used combined OCs with sec-
ond- or third-generation progestins, but more than 80% of
current users were taking a combined OC containing a sec-
ond- or third-generation progestin. A minority of women
had used only low-dose estrogen in combined OCs, but
more than 80% of current users were taking a combined
OC containing low-dose estrogen.

There were 190 cases of non-fatal MI and 24 deaths due to
MI (214 total events) among women included in this analysis
during 11.0 years of follow-up. Among the CHD risk factors,
significant predictors of MI included age (RR, 1.16 per year;
95% CI, 1.12–1.20), education (RR, 0.4; 95% CI, 0.3– 0.8 for
>16 years vs. <10 years), BMI (RR, 2.2; 95% CI, 1.2–3.7
for BMI >30 vs. <22), smoking (RR, 4.3; 96% CI, 2.2–8.4
for >20 pack-years vs. <5 pack-years), hypertension (RR,
2.5; 95% CI, 1.9–3.5), and diabetes (RR, 6.7; 95% CI, 4.4–
10.2). As shown in Table 3, compared with never users,
Fertility and Sterility�
women who had ever used OC did not have an elevated
risk of MI (RR, 1.0; 95% CI, 0.7–1.4). This was true for
both former and current users at enrollment, and the risk
was similar in models adjusted only for age and for multiple
CHD risk factors. The risk of MI was also not elevated in
current users compared with former users (RR, 0.8; 95%
CI, 0.4–1.4). Comparison of the time-to-event curves showed
no difference for never users, former users, and current OC
users for developing fatal or nonfatal MI over 11 years of
follow-up (Fig. 1).

There was no effect modification by hypertension, diabe-
tes, or smoking status. Of the 214 MIs, 11 occurred in women
who were current OC users at enrollment, of whom five also
reported current smoking. In stratified analyses, the adjusted
risk of MI among current OC users who also currently
smoked was not significantly elevated, although the CI was
wide (RR, 0.7; 95% CI, 0.3–1.9). Risk of MI was not elevated
313



TABLE 3
Relative risk of fatal or nonfatal myocardial infarction among oral contraceptive users, according to
different patterns of use.

Variable Person-years MI cases
Age-adjusted RR

(95% CI)
Multivariate RR

(95% CI)*

Never used OCs 87,859 47 Reference Reference
Ever user OCs: 443,543 167 1.0 (0.7–1.4) 1.0 (0.7–1.4)

Former user 368,531 156 1.0 (0.7–1.4) 1.0 (0.7–1.4)
Current user 75,012 11 0.6 (0.3–1.2) 0.7 (0.4–1.4)

Age at first use, years:
<20 249,148 53 0.9 (0.6–1.4) 0.8 (0.6–1.4)
20–24 133,841 66 0.9 (0.6–1.3) 0.9 (0.6–1.3)
25–29 39,370 30 1.2 (0.7–1.8) 1.2 (0.7–1.9)
30þ 17,389 10 0.9 (0.5–1.9) 1.0 (0.5–1.9)
P for trend .9 .7

Duration of use, years:
<5 189,527 76 0.9 (0.7–1.3) 0.9 (0.6–1.4)
5–9 121,466 38 0.9 (0.6–1.4) 1.0 (0.6–1.5)
10–14 79,229 29 1.2 (0.7–1.9) 1.1 (0.7–1.9)
15þ 46,733 14 0.7 (0.4–1.2) 0.7 (0.4–1.4)
P for trend .6 .7

Ever recommended to stop use?:
No 373,663 111 0.8 (0.6–1.1) 0.8 (0.6–1.2)
Yes 62,290 54 1.9 (1.3–2.8) 1.4 (1.0–2.1)

Used for a reason other than to prevent pregnancy?:
No 347,436 127 0.9 (0.7–1.3) 1.0 (0.7–1.4)
Yes 93,471 38 1.1 (0.7–1.7) 1.0 (0.7–1.6)

* Included in multivariable model: age, years of education, body mass index, smoking status (never, former, current, and
pack-years for former, and current smokers), history of passive smoking, alcohol intake, physical activity, history or
hypertension, history of diabetes, and menopausal status at enrollment.

Margolis. Oral contraceptives and myocardial infarction. Fertil Steril 2007.
FIGURE 1

Time to event for developing MI among all cases by
OC status.

Margolis. Oral contraceptives and myocardial infarction. Fertil Steril 2007.
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in subgroups defined by age at first use, duration of use, and
use for reasons other than to prevent pregnancy (Table 3).
However, women who had been advised to stop OC use by
a physician did have an elevated risk of MI (RR, 1.4; 95%
CI, 1.0–2.1), even after adjusting for a history of smoking,
hypertension, or diabetes. Compared with never users, there
was no elevation in MI risk by type of OC, generation of pro-
gestin, or estrogen dose among all users. Although power was
low and CIs were wide, there was also no evidence of ele-
vated MI risk by type of OC, progestin, or estrogen dose
among current users.

DISCUSSION

These data from a large population-based, prospective cohort
study conducted in the era of contemporary, mostly low-dose
OCs suggest no increase in the risk of MI among current or
past users or any trend by duration of use up to 15 or more
years. Although power was lower for subgroup comparisons,
no pattern of use or type of OC was associated with increased
farction Vol. 88, No. 2, August 2007



risk. The moderate excess risk among women who were rec-
ommended to stop OC use is likely due to physicians having
more detailed information than our questionnaires to assess
cardiovascular risk rather than to a causal role of OCs. For
example, elevated blood pressure while on OCs and family
history of CHD were not captured by our questionnaire.

The largest cohort study published to date on hormonal
contraceptives and risk of cardiovascular diseases uses data
on 119,061 women enrolled in the Nurses’ Health Study in
1976 and followed up prospectively for 8 years (9). This
study showed no association between past OC use and MI
or stroke, but current OC users had a 2.5-fold elevated MI
risk (95% CI, 1.3–4.9). As in the Women’s Lifestyle and
Health Study, there were few events among women who
were classified as current OC users (n ¼10 MIs). Most of
these (n ¼ 7) were noted to have occurred in smokers, but
no formal statistical analysis was performed on the interac-
tion between smoking and OC use because of the small num-
ber of events. Another study from this cohort showed no
increase in cardiovascular mortality or total mortality in
ever or current OC users (25).

Some smaller prospective studies found an elevated risk of
MI in current OC users that was confined to women who
smoked (8, 10). In the Royal College of General Practitioners
nested case-control study conducted between 1968 and 1987,
current use of OC increased the risk of MI particularly among
heavy smokers: smokers of<15 cigarettes/day had a 3.5-fold
(95% CI, 1.3–9.5) elevation, smokers of 15 or more ciga-
rettes/day had a 20.8-fold (5.2–83.1) increase in risk, and
nonsmokers had no increase in risk during OC use. Previous
use of OCs influenced the risk of MI only in the heavy
smokers (RR, 4.3; 95% CI, 2.3–8.0) (8). A second British
study followed 17,000 women from 1968 to 1994, during
which time 85 MIs occurred. There was a four-fold increased
risk of MI in heavy smokers who were current or past OC
users, while lighter smokers and nonsmokers showed no
increased risks with OC use (10). Similarly, a small Finnish
cohort study found that women currently taking OCs had
a 1.3-fold (95% CI, 0.4–6.9) risk of developing MI compared
with those who did not (11). Women who both smoked and
used OC had a 7.2-fold (95% CI, 2.1–24.7) risk of MI
compared with nonsmokers and nonusers of OC.

The results of recent case-control studies could help to
shed light on the CHD risks associated with current use of
more modern formulations of OCs, but these have been
somewhat contradictory. Of nine such studies, only three
found significant elevations in the risk of MI in the range of
2- to 5-fold with current OC use (15, 19, 21), while the re-
maining studies did not (13, 14, 16–18, 20). As in the cohort
studies, there was little indication of MI risk associated with
past use of OCs and evidence of powerful interaction with
smoking. A study conducted in the Netherlands (19) found
a doubling of MI risk in OC users even among nonsmokers,
while smokers had a 14-fold elevation in risk compared
with nonsmokers who did not use OCs. This study and one
other study (15) suggested that the risk was elevated in users
Fertility and Sterility�
of OC containing second-generation progestins but not third-
generation progestins, although the confidence intervals for
the risks with the two types of progestins overlapped.

The strengths of our study include its prospective design,
large size, and complete follow-up using highly reliable
sources of data on CHD outcomes. In 531,402 person-years
of follow-up, we observed over 200 MIs, a number sur-
passed only by one cohort study published to date (9).
The study had sufficient power to detect elevated risk of
MI with known CHD risk factors. However, this analysis
has several limitations that should be taken into consider-
ation in interpreting the results. The results pertain only to
MI and not to other forms of cardiovascular disease, such
as stroke or venous thromboembolism. The data on OC
use were self-reported and collected by a mailed question-
naire. Previous studies have suggested that self-report of
OC use by women is reasonably accurate, particularly
when supplemented by visual memory aids (26, 27). Owing
to the age of the study population, a relatively small propor-
tion currently used OCs; thus the present study did not have
enough power to discern differences between small sub-
groups, such as current users of second- and third-genera-
tion progestin-containing pills.

Most importantly, OC exposure data were collected at en-
rollment only, and we lack information about ongoing OC use
during the follow-up period. Such misclassification could at-
tenuate the strength of any true association by classifying as
current users women who had discontinued OC use during
follow-up. Although the term ‘‘current OC use’’ calls atten-
tion to it in this study, this type limitation is often present
in prospective cohort studies of modifiable cardiovascular
risk factors. For example, blood pressure, diet, lipids, inflam-
matory markers, and other biomarkers are commonly only
measured once at enrollment in the cohort. Nevertheless,
since myocardial infarction in OC users is thought to be in-
duced primarily by hypercoagulabilty and subsequent throm-
bosis rather than through atherosclerotic mechanisms, MI
risk may wane rapidly upon discontinuation of OC. Of inter-
est in this regard is a recent retrospective study that showed
less angiographic coronary artery disease in postmenopausal
women who had previously used OCs, even after adjusting
for known risk factors (28). Mitigating the concern about
misclassification, comparison of survival curves did not re-
veal any evidence of a higher rate of MI in current users early
in follow-up when exposure misclassification was presum-
ably low.

We conclude that current and past use of OCs was not asso-
ciated with an increased risk of MI in this study of women
aged 30–49 at enrollment, in which most current users of
OCs were taking low-dose estrogen and second- or third-
generation progestins. Although the data suggest no increased
risk, a conservative interpretation taking into account the
upper 95% CI is that it is very unlikely that coronary risk is
increased by more than 50%. Although the absolute risks of
coronary events are low in women in this age group, the in-
creasing use of OC in the later reproductive and
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perimenopausal years could have major public health impor-
tance if CHD risks were even modestly elevated by OCs.
These results should be informative to women and their phy-
sicians who prescribe OCs.
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Combination of 17�-estradiol with the environmental
pollutant TCDD is involved in pathogenesis of
endometriosis via up-regulating the chemokine
I-309–CCR8
Ying-Li Shi, Ph.D.,a,b Xue-Zhen Luo, M.D.,a Xiao-Yong Zhu, Ph.D.,a and Da-Jin Li, Ph.D.a,c

a Laboratory for Reproductive Immunology, Hospital and Institute of Obstetrics and Gynecology, Fudan University Shanghai
Medical College, Shanghai; b Nanjing Maternity Child Health Hospital, Nanjing Medical University, Nanjing; and c The
Affiliated Hospital, Hainan Medical College, Haikou, China.

Objective: To explore the effects of the combined E2 with the environmental pollutant 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) on CCR8–I-309 expression by the endometriotic lesion-associated cells in the pathogenesis of
endometriosis.
Design: Prospective laboratory study.
Setting: University hospital.
Patient(s): Chinese women with endometriosis.
Intervention(s): The endometriotic tissue and matched eutopic endometrium were collected. Endometrial stromal
cells (ESCs), HPMC, and U937 cells were treated with 17�-E2 or TCDD. The ESCs were stimulated with I-309.
Main Outcome Measure(s): The expression of CCR8 in tissues was analyzed by reverse transcription–polymerase
chain reaction and immunohistochemistry. The effect of I-309 on integrin �1 and �v�3 expression intensity was
analyzed by flow cytometry, and the chemotactic activity of I-309 on the ESC was explored by chemotactic assay.
Concentration of I-309 in the culture supernatant was quantified by enzyme-linked immunosorbent assay.
Result(s): CCR8 was overexpressed in the endometriotic tissue. I-309 promoted the expression of integrin �1.
Estradiol and TCDD up-regulated CCR8 expression by ESCs. Estradiol magnified the stimulatory effect of
TCDD on I-309 secretion by U937. The interaction of HPMC and U937 cells promoted I-309 secretion.
Conclusion(s): These findings imply that the combination of 17�-E2 with the environmental pollutant TCDD is
involved in the pathogenesis of endometriosis via up-regulating the chemokine CCR8–I-309. (Fertil Steril� 2007;
88:317–25. ©2007 by American Society for Reproductive Medicine.)

Key Words: Endometriosis, I-309, CCR8, 17�-estradiol, TCDD
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he involvement of chemokines in endometriosis is becom-
ng more evident as research progresses. Some chemokines,
uch as interleukin 8, monocyte chemotactic protein-1,
egulated-upon-activation normal-T-cell-expressed and
secreted, and eotaxin and growth-regulated oncogene-alpha
GRO-�) are implicated directly or indirectly in the forma-
ion, maintenance, and proliferation of endometriotic im-
lants (1). So far about 60 kinds of chemokines have been
dentified, the biological function of chemokine depends on
inding to the corresponding receptor (2). It is difficult to
lucidate the role of each chemokine in pathogenesis of

eceived May 8, 2006; revised and accepted November 21, 2006.
upported by the Foundation for Key Medical Subject of Shanghai (no.
05-III 016; D.-J.L.) and by the Program for Outstanding Medical Aca-
demic Leader of Shanghai (D.-J.L.), Shanghai, China.

eprint requests: Da-Jin Li, Ph.D., Institute of Obstetrics and Gynecol-
ogy, Fudan University Shanghai Medical College, 413 Zhaozhou Road,
Shanghai, Shanghai 200011, China (FAX: 0086-21-6345-7331; E-mail:
rdjli@shmu.edu.cn).

015-0282/07/$32.00
oi:10.1016/j.fertnstert.2006.11.129 Copyright ©2007 American Soc
ndometriosis, and thus picking up chemokine receptors that
re highly expressed in the ectopic tissues and exploring
unctions of these receptors as well as their ligands would
rovide some useful insights into the molecular mechanisms
n the pathogenesis of endometriosis.

In human beings, the increased incidence of endometriosis
as been associated with exposure to environmental chemicals
3). In view of the dependence of endometriosis upon ovarian
ormones, we attended to the potential relationship of endome-
riosis with exposure to 2,3,7,8-Tetrachlorodibenzo-p-dioxin
TCDD), which was reported to exert an estrogen-related effect
n a tissue- and species-specific manner, depending on the level
f E2 in the body (4).

In our study published elsewhere (5), we demonstrated for
he first time that CCR8 is expressed significantly higher in
he endometriotic tissue than in the eutopic endometrium by

everse-transcription polymerase chain reaction (PCR).
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e also found that the transcription pattern of CCR8 in the
rimary eutopic endometrial stromal cells was in accordance
ith that of the eutopic endometrial tissue. We therefore
ropose that CCR8–I-309 plays some roles in the pathogen-
sis of endometriosis via the corresponding ectopic cells (5).
oth TCDD and E2 are involved in signal transduction of

ome chemokines (6, 7). It is plausible that TCDD and E2

ay be the key regulators of CCR8–I-309 expression in
ndometriotic and eutopic endometrial tissues.

ATERIALS AND METHODS
issue Collection and Cell Culture
ll the endometriotic and eutopic endometrial tissues were
btained at the Hospital of Obstetrics and Gynecology, Fu-
an University Shanghai Medical College, by laparoscopy
nd uterine curettage from 15 patients with endometriosis.
efore the operation, informed consent was obtained from
ach patient by using protocols approved by the Human
nvestigation Committee of Fudan University. All of the
ndometriotic samples and parts of eutopic endometrium spec-
mens were snap-frozen in liquid nitrogen, and the other eutopic
issues were immediately transferred to the laboratory.

The endometrial stromal cells (ESC), HMrSV5 (HPMC, a
uman peritoneal mesothelial cell line), and human mono-
yte U937 cell line (Cell Bank, Chinese Academy of Sci-
nces, Shanghai, China) were cultured according to the
ethod we have described elsewhere (5).

everse-Transcription PCR
he endometriotic and eutopic endometrial tissues were pre-
ared with Trizol reagent (Sigma, St. Louis, MO). The reverse-
ranscription reaction was performed by using a nonamer
rimer and 1 �g of RNA in a volume of 20 �L. Polymerase
hain reaction primers of CCR8 and housekeeping gene glyser-
ldehyde-3-phosphate dehydrogenase were as indicated else-
here (8). The PCR cycles and conditions for denaturation,

nnealing, and elongation were 35 cycles, 1 minute at 94°C, 30
econds at 55°C, and 30 seconds at 72°C, respectively. The
mplified DNA was fractionated by electrophoresis, and
thidium bromide–stained bands were photographed.

mmunohistochemistry
he endometriotic and eutopic endometrial tissues cut in
erial sections of 5 �m were stained by using the Vectastain
lite ABC kit (Vector Laboratories, Inc., Burlingame, CA).

mmunoperoxidase staining was performed by using goat
olyclonal IgG antibodies against human CCR8 (2 �g/mL;
anta Cruz Biotechnology, Santa Cruz, CA). An isotypic
ontrol was probed at the same concentration.

The CCR8 expression was analyzed by IMS DNA color
mage analysis system. In each slide, five different areas
ere evaluated under a light microscope (�400 magnifica-

ion). The optical density of positively stained cells within

hese areas was determined at different times by two observ- w
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rs who were blinded to the type and source of the tissues,
nd the average score was used.

ell Co-Culture Unit
he ESC or HPMC was cultured in 24-well plates at a
oncentration of 1 � 105 cells per well until they adhered to
he plastic. The media were removed, and the U937 or ESC
ells were spread over the ESC or HPMC monolayer, re-
pectively, at the same concentration.

The cells were cultured in a final volume of 1 mL of fresh
ulbecco’s modified Eagle’s medium with 2.5% FCS for 48
ours. The HPMC, ESC, and U937 cells cultured alone in
he same media were used as controls. Each experimental
etup was repeated at least five times using the ESC obtained
rom five different patients.

ell Treatment In Vitro
fter serum starvation for 12 hours, the ESC, HPMC, and
937 cells (1 � 105 cells per well) were treated with a series
f concentrations of 17�-E2 (0.01, 0.1, 1, 10, and 100 nM) or
CDD (0.01, 0.1, 1, and 10 nM) for 48 hours, and with
7�-E2 of 1 nM plus TCDD of 1 nM for 48 hours, respec-
ively, and vehicle controls (dimethyl sulfoxide) were used.

The cell contact co-culture setup mentioned above was
ncubated in fresh medium containing 1 nM of 17�-E2 and 1
M TCDD, alone or in combination, for 48 hours.

low Cytometry for CCR8 Expression by ESC
he ESCs (1 � 105 per well) were incubated for 30 minutes at

oom temperature with 10 �L of rat anti-human CCR8 antibody
25 �g/mL; R&D Systems, Wiesbaden, Germany) in 100 �L of
hosphate-buffered saline containing 0.2% bovine serum albu-
in (PBS-BSA). After washing with PBS-BSA, the bound

rimary antibody was revealed by addition of 200 �L of the
uorescein isothiocyanate–conjugated goat anti-rat IgG anti-
ody (5 �g/mL; Caltag Laboratories, Burlingame, CA). The
sotypic control goat IgG1–fluorescein isothiocyanate conjugate
as probed at the same concentration. In 30 minutes of staining,

he cells were washed with PBS-BSA, and the fluorescence
ntensity at 543 nm was measured by a FACSCAN flow cy-
ometry (Becton Dickinson, Mountain View, CA).

low Cytometry for Integrin Expression by ESC
he ESCs were first incubated with anti-CCR8 monoclonal
ntibody (50 ng/mL) at 37°C for 4 hours, and then all of the
ells were stimulated with a series concentration of recom-
inant human I-309 (rhI-309, R&D Systems; 0, 0.3, 1, 3, 10,
nd 30 ng/mL). There remained two unstimulated wells as
egative and isotype control, respectively. After 24 hours of
ulture, the ESCs were harvested at a density of 2 � 105

ells per well and incubated for 30 minutes at room
emperature with 100 �L of PBS-BSA, supplemented

ith 5 �L of PE-conjugated anti-human �1 antibody

osis via CCR8–I-309 Vol. 88, No. 2, August 2007
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eBioscience, San Diego, CA), and 20 �L of fluorescein
sothiocyanate– conjugated anti-human �v�3 antibody
eBioscience). Isotypic controls were probed at the same
oncentration. After washing with PBS-BSA, the fluores-
ence intensity at 543 nm was measured by a FACSCAN
ow cytometry (Becton Dickinson, Mountain View, CA).

FIGURE 1

The transcriptional characteristics of CCR8 in the eut
representative agarose gel of the eutopic endometriu
contains the fragments 501/489, 404, 331, 242, 190,
Statistical results from 10 separate experiments after
dehydrogenase. Data are mean � SD. *P�.05 comp

Shi. Estradiol with TCDD is involved in endometriosis via CCR8–I-309. Fertil Ste

FIGURE 2

Immunohistochemical analysis of CCR8 in the eutopi
(A) Representative micrographs of immunohistochem
eutopic endometrium. (B) Immunohistochemistry stai
tissue. The stroma is intensively stained, whereas the
of the average immunostaining intensity in stromal co
ectopic tissue. Magnification, �400. *P�.05 compare
Shi. Estradiol with TCDD is involved in endometriosis via CCR8–I-309. Fertil Steril 200

ertility and Sterility�
nzyme-Linked Immunosorbent Assay for Determination
f I-309
he supernatants from the cells cultured alone or co-cultured
ere harvested, processed by centrifuge to remove cellular
ebris, and stored at –170°C until assayed by enzyme-linked
mmunosorbent assay. Concentration of I-309 in the culture

endometrium and ectopic tissue. (A) A
nd ectopic endometrium. The pUC Mix marker
, 111 base pairs (bp; from top to bottom). (B)
rection using glyseraldehyde-3-phosphate
with the case of the eutopic.

7.

dometrium and the ectopic tissue.
staining for CCR8 and isotopic control in the
for CCR8 and isotopic control in endometriotic

ithelial cells were hardly observed. (C) Comparison
artment between the eutopic endometrium and the
ith the case of the eutopic.
opic
m a
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upernatant was quantified by enzyme-linked immunosor-
ent assay kits (R&D Systems) according to the manufac-
urer’s instructions. The limit of detection was �0.71 pg/mL.
he coefficients of interassay and intra-assay variations were
.5%–9.2% and 4.8%–7.6%, respectively.

hemotaxis Assay
igration assays were performed in Transwell inserts

Costar, Cambridge, MA) with an 8-�m pore diameter. The
SC were isolated before incubation with anti-CCR8 mono-
lonal antibody (50 ng/mL; R&D Systems) at 37°C for 4
ours. All the cells were resuspended in Dulbecco’s modi-
ed essential medium with 2.5% FCS, and 100-�L aliquots
ere loaded into upper inserts at a density of 2 � 105 cells
er well. A series concentration of rhI-309 (0, 0.3, 1, 3, 10,
nd 30 ng/mL) prepared in 600 �L of the same medium were
laced in the lower wells. Meanwhile, rhI-309 (10 ng/mL)
as placed upper or lower wells or both of the Transwell

hamber. After incubation at 37°C for 3 hours, the filters
ere removed and stained with Diff-Quick (DADE, Dudin-
en, Switzerland). The number of migrating cells was deter-
ined by counting six fields at �400 magnification. Dupli-

ate wells were used for each point. A chemotactic index

FIGURE 3

Effect of rhI-309 on intergrin �1 and �v�3 expression
concentration of rhI-309 (0.3–30 ng/mL) for 24 hours
digested and analyzed for integrin expression on the
expression on ESC (A), whereas it up-regulated the fl
effect on both expression (C) and fluorescence inten
� SEM. *P�.05 compared with the control as well as
advance.
Shi. Estradiol with TCDD is involved in endometriosis via CCR8–I-309. Fertil Steril 200
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as established as the ratio of the number of cells that had
igrated in response upon the chemokine, divided by the
hole number.

tatistical Analysis
everse-transcription PCR and immunohistochemistry re-

ults were expressed as mean � SD, and analyzed by
aired-sample T test. Enzyme-linked immunosorbent as-
ay, flow cytometry, and Chemotaxis assay data were
xpressed as mean � SEM and were performed by using
nalysis of variance (one-way ANOVA), with application
f the LSD test. P�.05 was considered to be statistically
ignificant.

ESULTS
xpression of CCR8 in Endometriotic and Eutopic
ndometrial Tissues
everse-transcription PCR indicated that CCR8 signifi-
antly higher transcribed in the ectopic tissue compared
ith that of the eutopic endometrium, and ratios of the
and intensities of CCR8 to that of glyseraldehyde-3-
hosphate dehydrogenase were 0.78 � 0.43 and 0.37 �
.28, respectively (P�.05; Fig. 1B).

ESC. ESC was treated with a series of
the end of the culture period, the cells were

by flow cytometry. I-309 had no effect on �1
escence intensity of �1 (B). I-309 demonstrated no
(D) of �v�3 on ESC. Data are expressed as mean

group with anti-CCR8 antibody (50 ng/mL) in
on
. At
ESC
uor

sity
the
7.
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Immunohistochemistry demonstrated that CCR8 was ex-
ressed in the epithelial and stromal cells in 8 of the 14
roliferative eutopic endometrial samples. The immunostain
as localized in the cytoplasm and membrane of epithelial

nd stromal cells. In 10 of the 15 endometriotic tissues, we
bserved an increased amount of CCR8 immunostaining in
he stromal compartment, but the epithelial cells hardly
xpressed.

The optical density of CCR8 immunostaining in the stro-
al compartment of the endometriotic tissues demonstrated

ignificantly more intensity than that of the eutopic endome-
rium (15.31 � 2.14 vs. 9.24 � 1.56; P�.05; Fig. 2), which
uggests that CCR8, as well as its only ligand I-309, is
nvolved in the pathogenesis of endometriosis.

egulation of I-309 on the Integrin �1 Expression of ESC
s shown in Figure 3A, integrin �1 was naturally highly

xpressed on the surface of ESC. The integrin �1 expression
ate did not obviously change after the stimulation with
-309 at a series of concentrations (P�.05). However, I-309
ncreased �1 fluorescence intensity on the ESC in a dose-
ependent manner (P�.05), and a significant effect was
bserved at doses of I-309 of 5 to 30 ng/mL (Fig. 3B). The
uorescence intensity increase was significantly inhibited by

he anti-CCR8 antibody (P�.05). This result demonstrated
hat I-309 could stimulate ESC to express the integrin �1 via

FIGURE 4

Effect of 17�-E2 and/or TCDD on CCR8 expression o
concentration of 17�-E2 (0.01–100 nM) and TCDD (0
end of the culture period, the cells were digested and
cytometry. Data are expressed as mean � SEM. *P�

Shi. Estradiol with TCDD is involved in endometriosis via CCR8–I-309. Fertil Ste
inding to CCR8. I

ertility and Sterility�
It was demonstrated that 39.6% of ESC translated integrin
v�3 on the cell surface. I-309 presented no obvious effect
n both of the expression rates and fluorescence intensity of
he �v�3 by ESC (P�.05), which suggests that the CCR8–
-309 pair appears to have no relationship to the endome-
rium receptivity (Fig. 3C and D).

The present study revealed that I-309 did not show che-
otactic efficiency to ESC, suggesting that the CCR8–I-309

ystem is involved in the pathogenesis of endometriosis, not
y inducing ESC migration.

egulation of Estrogen and/or TCDD on the CCR8–I-309
xpressions in the Endometriotic-Associated Cells
he CCR8 expression on the ESC was hardly found in
ature (2.04% � 0.77%) but could be stimulated by 17�-E2

r TCDD in a bell-shaped distribution. The efficient concen-
rations were as follows: for E2, 0.01–10 ng/mL, with a
aximal effective dose of 1 ng/mL; and for TCDD, 0.01–10

g/mL, with a maximal effective dose of 1 ng/mL (P�.05).
he combination of the E2 with TCDD appeared to have
o obvious further effect on the molecule expression of
he cells (P�.05). The data demonstrated that E2 and
CDD had no synergistic effect on the CCR8 expression
f ESC (Fig. 4).

Human peritoneal mesothelial cell line naturally secreted

SC. The ESC was treated with various
10 nM), alone or in combination for 48 hours. At the
alyzed for CCR8 expression on the ESC by flow
compared with the control.

7.
n E
.01–

an
.05
-309 (10.36 � 0.69 pg/mL) in vitro. Both 17�-E2 and
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CDD had no obvious effect on I-309 production of the cell
ine (P�.05; Fig. 5A and B).

U937 cells naturally secreted I-309 in vitro. 2,3,7,
-Tetrachlorodibenzo-p-dioxin significantly stimulated U937
ells to secrete I-309 at a dose of 1 nM (P�.05). Although

2 alone had no obvious effect on the I-309 secretion, it
nhanced the stimulatory effect of TCDD on I-309 secretion by
he monocyte line (P�.05; Fig. 5C and D).

The levels of I-309 in the cultured ESC were extremely
ow or undetectable. Human peritoneal mesothelial cells and
937 cells had little I-309 secretion. Neither U937 cells nor

FIGURE 5

Effect of 17�-E2 and/or TCDD on I-309 secretion by
various concentration of (A, D) 17�-E2 (0.01–100 nM)
plus TCDD (1 nM), respectively, for 48 hours. At the
level was determined by enzyme-linked immunosorb
compared with the control.

Shi. Estradiol with TCDD is involved in endometriosis via CCR8–I-309. Fertil Ste
PMC cocultured with ESC-affected I-309 secretion, e

322 Shi et al. Estradiol with TCDD is involved in endometri
hereas the co-culture of HPMC and U937 cells promoted
-309 production and release. The I-309 production in the
oculture unit was 1.42-fold more than the total production
f the respective HPMC and U937 cells culture (P�.05; Fig.
A). 17�-Estradiol and/or TCDD had no obvious effect on
-309 production by the coculture unit of HPMC and U937
ells (Fig. 6B).

ISCUSSION
n the present study, we provided first evidence that CCR8 was
ranscribed significantly higher in the ectopic tissue than in the

C and U937 cells. The cells were treated with
(B, E) TCDD (0.01–10 nM) or (C, F) 17�-E2 (1 nM)
of the culture, the supernatant was collected. I-309
ssay. Data are expressed as mean � SEM. *P�.05

7.
HPM
or

end
ent a
utopic endometrium. Furthermore, higher translation of CCR8
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n the endometriotic tissue was confirmed by immunohisto-
hemistry, which leads us to propose that CCR8 overexpression
n endometriotic tissue may exert a potential role in the patho-
enesis of endometriosis.

Recently, CCR8 has been found expressed in thymocytes,
ultured Th2, monocytes, human umbilical vein endothelial
ells, and CD4�CD25� T regulatory (Treg) cells (8–12). It
s the unique receptor for the human CC chemokine I-309,
hich is a product of activated T-lymphocytes, mast cells,

nd monocytes and is a potent chemoattractant for mono-
ytes, Th2-cells, and human umbilical vein endothelial cells
13–18). Cell responses mediated by CCR8–I-309 have been
eported, including tumor cell apoptosis and angiogenesis, as
ell as blood and tissue cell chemotaxis (19–21). The axis of
CR8–I-309 links many pathologic progress, such as aller-
ic diseases, atopic skin inflammation, Kaposi’s sarcoma,
nd HIV-1 infection (22–25). Although up to now there has
een no direct evidence that CCR8–I-309 is involved in the
athogenesis of endometriosis, we hypothesized their in-
olvement in the disease according to our findings in ectopic
issue. On the basis of what we have stated in this paragraph,
n the present study, we investigated the cellular and biolog-
cal actions mediated by CCR8–I-309, which may assist
esearch progress in endometriosis.

The establishment of endometriosis has been attributed to
he attachment and invasion of the retrograded endometrial
ragments into the peritoneum and their getting a blood
upply and triggering a suboptimal immune response that
oes not adequately clear the implants, resulting in their
ontinued survival and growth (26). The adhesion of endo-
etrial cells to the peritoneal lining is a crucial step in the

arly stages of endometriosis, which is dependent on stromal
ells, because no adhesion of endometrial epithelium was

FIGURE 6

Secretion of I-309 by ESC, HPMC, and U937 cells al
Dulbecco’s modified Eagle’s medium–F12 medium c
HPMC and U937 cells were incubated with 17�-E2 (1
hours (B). The supernatants were collected, and I-30
assay. Data are mean � SEM for three replicates. *P

Shi. Estradiol with TCDD is involved in endometriosis via CCR8–I-309. Fertil Ste
dentified in the first 24–48 hours (27). The integrin family w

ertility and Sterility�
ncludes glycoproteins of dimeric structure and mediates
any of the cell–cell, cell–extracellular matrix interactions

uring cell migration and adhesion (28). Integrin �1, which
s part of most different integrin dimmers, is constitutively
xpressed in ESC and persists in endometriotic implants
29–30). The integrin �1 could mediate the up-regulation of
nterleukin-8 gene expression in the event of ESC adhering
o different extracellular matrixes (31), suggesting a key role
f integrin �1 in the adhesion process and a potential link
etween integrins and chemokines. Another integrin family
ember that is important in the embryo implantation, �v�3

as also been shown to have a possible angiogenesis role in
ndometriosis (32–34). Integrin �v�3 in normal endome-
rium peaked during the window of implantation and could
e in vitro reduced by injections of human peritoneal fluid
rom patients with endometriosis. On the contrary, other
nvestigators have demonstrated that �v�3 expression did
ot decrease during the window of implantation in patients
ith stage I–II endometriosis (35). We thus first chose inte-
rin �1 and �v�3 as hallmarks of endometrial invasiveness
nd endometrial receptivity, and we investigated the poten-
ial role of CCR8–I-309 in regulating their expression by
SC. The data demonstrated that I-309 greatly promoted the

ntegrin �1 expression of ESC.

In the present study, we evaluated also the expression of
CR8 in ESC. Chemotaxis assay revealed that, within a
roper range of concentration, rhI-309 induced chemotaxis
n U937 cells rather than on ESC, in a dose-dependent
anner. When the cells were pretreated with anti-CCR8

ntibody, the chemotaxis of U937 cells by I-309 greatly
ecreased.

To pursue the potential sources and the precise regulatory
echanisms for I-309 in peritoneal cavity with endometriosis,

or the co-culture. The cells were incubated in
ining 2.5% FCS for 48 hours (A). The co-culture of
) and TCDD (1 nM), alone or in combination for 48
s quantified by enzyme-linked immunosorbent

5 compared with the control.

7.
one
onta

nM
9 wa
�.0
e treated the associated cells in the endometriotic foci with a
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eries of concentration of 17�-E2 and/or TCDD and analyzed
he I-309 level in the cell culture supernatant. Our results
uggest that both HPMC and U937 cells naturally secrete I-309
n vitro. The E2 and TCDD had no obvious effect on I-309
roduction of HPMC. 2,3,7,8-Tetrachlorodibenzo-p-dioxin sig-
ificantly stimulates U937 cells to secrete I-309 in the dose of
nM. Although E2 alone demonstrated no regulatory effect on
937 cells, it facilitated the stimulatory effect of TCDD on

-309 secretion of U937 cells, indicating a synergistic effect of
CDD and E2 on the production and release of I-309 by the
onocyte line.

The endometriotic tissue is composed mainly of the ec-
opic endometrium, peritoneal mesothelial cells, and macro-
hages as well as extracellular matrix. Because the retro-
raded ESC is responsible for the adherence and
mplantation of endometrium to peritoneum in the early
tage of endometriosis, we used ESC rather than endometrial
pithelial cells as one member of our co-culture units to
epresent the retrograded endometrium. Furthermore, the
ncreased macrophages in the peritoneal cavity not only
ccumulate in ectopic tissues but also harbor in peritoneum
36). To test the hypothesis that the interaction of these cells
ay be the potential source of I-309, we established the

o-culture systems of ESC–HPMC, ESC–U937, and HP-
C–U937, respectively, to mimic the peritoneal endometri-

tic lesions. The present data revealed that the interaction of
SC–HPMC and ESC–U937 had no stimulatory effect on

-309 secretion, whereas the co-culture of HPMC with U937
ells significantly increased I-309 secretion, and the
rosstalk between the mesothelial cells and the macrophages
ncreased the production of I-309.

Our research in vitro provides the first evidence that E2

nd TCDD can up-regulate CCR8 expression on the surface
f ESC and stimulate monocytes/macrophages to secrete
-309 and that more monocytes then migrate from blood to
he peritoneal cavity under the induction of I-309 and inter-
ct with HPMC, which in turn stimulates further the I-309
roduction. Alternatively, a high level of I-309 in the local
eritoneal cavity may mediate the adhesion of ESC to
PMC by up-regulating the expression of integrin �1 on the

urface of ESC and contribute to the establishment of peri-
oneal endometriotic lesions. Taken together, our findings
ead to new insight into the roles of the CCR8–I-309 system
n the pathogenesis of endometriosis.

cknowledgments: The human peritoneal mesothelial cell line HMrSV5
as generously provided by Jian Yao, M.D. (The First People’s Hospital,
hanghai, China). The authors also thank Wen-Tong Zhang, M.D. (Shang-
ai Medical College, Fudan University, Shanghai, China), for his help with
tatistical analysis.

EFERENCES
1. Ulukus M, Ulukus EC, Seval Y, Zheng W, Arici A. Expression of

interleukin-8 receptors in endometriosis. Hum Reprod 2005;20:794–
801.

2. Kayisli UA, Mahutte NG, Arici A. Uterine chemokines in reproductive

physiology and pathology. Am J Reprod Immunol 2002;47:213–21.

324 Shi et al. Estradiol with TCDD is involved in endometri
3. Guo SW. The link between exposure to dioxin and endometriosis: a
critical reappraisal of primate data. Gynecol Obstet Invest 2004;57:
157–73.

4. Zhao D, Pritts EA, Chao VA, Savouret JF, Taylor RN. Dioxin stimu-
lates RANTES expression in an in-vitro model of endometriosis. Mol
Hum Reprod 2002;8:849–54.

5. Shi YL, Luo XZ, Zhu XY, Hua KQ, Zhu Y, Li DJ. Effects of the
combined 17�-estradiol with TCDD on secretion of the chemokine
IL-8 and expression of its receptor CXCR1 in the endometriotic focus-
associated cells in co-culture. Hum Reprod 2006;21:870–9.

6. Bulun SE, Zeitoun KM, Kilic G. Expression of dioxin-related transac-
tivating factors and target genes in human eutopic endometrial and
endometriotic tissues. Am J Obstet Gynecol 2000;182:767–75.

7. Ohtake F, Takeyama K, Matsumoto T. Modulation of oestrogen recep-
tor signalling by association with the activated dioxin receptor. Nature
2003;423:545–50.

8. Haque NS, Fallon JT, Pan JJ, Taubman MB, Harpel PC. Chemokine
receptor-8 (CCR8) mediates human vascular smooth muscle cell che-
motaxis and metalloproteinase-2 secretion. Blood 2004;103:1296–304.

9. Roos RS, Loetscher M, Legler DF, Clark-Lewis I, Baggiolini M, Moser
B. Identification of CCR8, the receptor for the human CC chemokine
I-309. J Biol Chem 1997;272:17251–4.

0. Zingoni A, Soto H, Hedrick JA, Stoppacciaro A, Storlazzi CT, Sini-
gaglia F, et al. The chemokine receptor CCR8 is preferentially ex-
pressed in Th2 but not Th1 cells. J Immunol 1998;161:547–51.

1. Annunziato F, Cosmi L, Liotta F, Lazzeri E, Manetti R, Vanini V, et al.
Phenotype, localization, and mechanism of suppression of CD4�CD25�
human thymocytes. J Exp Med 2002;196:379–87.

2. Tiffany HL, Lautens LL, Gao JL, Pease J, Locati M, Combadiere C, et
al. Identification of CCR8: a human monocyte and thymus receptor for
the CC chemokine I-309. J Exp Med 1997;186:165–70.

3. Miller MD, Hata S, De Waal Malefyt R, Krangel MS. A novel polypeptide
secreted by activated human T lymphocytes. J Immunol 1989;143:2907–16.

4. Miller MD, Wilson SD, Dorf ME, Seuanez HN, O’Brien SJ, Krangel
MS. Sequence and chromosomal location of the I-309 gene: relation-
ship to genes encoding a family of inflammatory cytokines. J Immunol
1990;145:2737–44.

5. Miller MD, Krangel MS. The human cytokine I-309 is a monocyte
chemoattractant. Proc Natl Acad Sci USA 1992;89:2950–4.

6. Gilchrest H, Cheewatrakoolpong B, Billah M, Egan RW, Anthes JC,
Greenfeder S. Human cord blood-derived mast cells synthesize and
release I-309 in response to IgE. Life Sci 2003;73:2571–81.

7. D’Ambrosio D, Iellem A, Bonecchi R, Mazzeo D, Sozzani S, Man-
tovani A, et al. Selective up-regulation of chemokine receptors CCR4
and CCR8 upon activation of polarized human type 2 Th cells. J Im-
munol 1998;161:5111–5.

8. Poon M, Zhang X, Dunsky KG, Taubman MB, Harpel PC. Apolipopro-
tein (a) induces monocyte chemotactic activity in human vascular
endothelial cells. Circulation 1997;96:2514–9.

9. Van Snick J, Houssiau F, Proost P, Van Damme J, Renauld JC. I-309/T
cell activation gene-3 chemokine protects murine T cell lymphomas
against dexamethasone-induced apoptosis. J Immunol 1996;157:2570–6.

0. Louahed J, Struyf S, Demoulin JB, Parmentier M, Van Snick J, Van
Damme J, et al. CCR8-dependent activation of the RAS/MAPK path-
way mediates anti-apoptotic activity of I-309/ CCL1 and vMIP-I. Eur
J Immunol 2003;33:494–501.

1. Bernardini G, Spinetti G, Ribatti D, Camarda G, Morbidelli L, Ziche M,
et al. I-309 binds to and activates endothelial cell functions and acts as
an angiogenic molecule in vivo. Blood 2000;96:4039–45.

2. Haskell CA, Horuk R, Liang M, Rosser M, Dunning L, Islam I, et al.
Identification and characterization of a potent, selective non-peptide
agonist of the CC chemokine receptor CCR8. Mol Pharmacol 2006;69:
309–16.

3. Gombert M, Dieu-Nosjean MC, Winterberg F, Bunemann E, Kubitza
RC, Da Cunha L, et al. CCL1-CCR8 interactions: an axis mediating the
recruitment of T cells and Langerhans-type dendritic cells to sites of

atopic skin inflammation. J Immunol 2005;174:5082–91.

osis via CCR8–I-309 Vol. 88, No. 2, August 2007



2

2

2

2

2

2

3

3

3

3

3

3

3

F

4. Endres MJ, Garlisi CG, Xiao H, Shan L, Hedrick JA. The Kaposi’s
sarcoma-related herpesvirus (KSHV)-encoded chemokine vMIP-I is a
specific agonist for the CC chemokine receptor (CCR) 8. J Exp Med
1999;189:1993–8.

5. Lee S, Tiffany HL, King L, Murphy PM, Golding H, Zaitseva MB.
CCR8 on human thymocytes functions as a human immunodeficiency
virus type 1 coreceptor. J Virol 2000;74:6946–52.

6. Kao LC, Germeyer A, Tulac S, Lobo S, Yang JP, Taylor RN, et al.
Expression profiling of endometrium from women with endometriosis
reveals candidate genes for disease-based implantation failure and
infertility. Endocrinology 2003;144:2870–81.

7. Witz CA. Current concepts in the pathogenesis of endometriosis. Clin
Obstet Gynnecol 1999;42:566–85.

8. Juliano RL, Haskill S. Signal transduction from the extracellular matrix.
J Cell Biol 1993;120:577–85.

9. Lessey BA, Damjanovich L, Coutifaris C, Castelbaum A, Albelda SM,
Buck CA. Integrin adhesion molecules in the human endometrium.
Correlation with the normal and abnormal menstrual cycle. J Clin
Invest 1992;90:188–95.

0. Van der Linden PJ, de Goeij AF, Dunselman GA, van der Linden EP,

Ramaekers FC, Evers JL. Expression of integrins and E-cadherin in

ertility and Sterility�
cells from menstrual effluent, endometrium, peritoneal fluid,
peritoneum, and endometriosis. Fertil Steril 1994;61:85–90.

1. Garcia-Velasco JA, Arici A. Interleukin-8 expression in endometrial
stromal cells is regulated by integrin-dependent cell adhesion. Mol
Hum Reprod 1999;5:1135–40.

2. Lessey BA, Castelbaum AJ, Buck CA, Lei Y, Yowell CW, Sun J.
Further characterization of endometrial integrins during the menstrual
cycle and in pregnancy. Fertil Steril 1994;62:497–506.

3. Healy DL, Rogers PA, Hii L, Wingfield M. Angiogenesis: a new theory
for endometriosis. Hum Reprod Update 1998;4:736–40.

4. Illera MJ, Lorenzo PL, Gui YT, Beyler SA, Apparao KB, Lessey BA.
A role for alpha v beta 3 integrin during implantation in the rabbit
model. Biol Reprod 2003;68:766–71.

5. Ordi J, Creus M, Casamitjana R, Cardesa A, Vanrell JA, Balasch J.
Endometrial pinopode and alpha v beta 3 integrin expression is not
impaired in infertile patients with endometriosis. J Assist Reprod Genet
2003;20:465–73.

6. Khan KN, Masuzaki H, Fujishita A, Kitajima M, Sekine I, Ishi-
maru T. Differential macrophage infiltration in early and advanced
endometriosis and adjacent peritoneum. Fertil Steril 2004;81:

652– 61.

325



R

S

C

R

*

GENETICS
Raloxifene* increases proliferation of human
endothelial cells in association with increased gene
expression of cyclins A and B1
Pilar J. Oviedo, B.Sc.,a Carlos Hermenegildo, M.D., Ph.D.,b Juan J. Tarín, Ph.D.,c and
Antonio Cano, M.D., Ph.D.a

a Department of Pediatrics, Obstetrics and Gynecology, Faculty of Medicine, b Research Foundation, Hospital Clínico Univer-
sitario of Valencia and Department of Physiology, and c Department of Functional Biology and Physical Anthropology,
University of Valencia, Valencia, Spain

Objective: To examine the proliferative effect of of raloxifene on human umbilical-vein endothelial cells (HUVECs),
and to investigate whether there is an associated increased expression of some key regulators of the cell cycle.
Design: Cell culture for different incubation times.
Setting: University research laboratory.
Patient(s): Sources of HUVECs.
Intervention(s): Measurement of cell proliferation, of protein levels of cyclin A, cyclin B1, cyclin D1, cyclin-
dependent protein kinase (CDK) 2, CDK4, and p27Kip1, and of messenger RNA expression of cyclin A, cyclin
B1, and p27Kip1.
Main Outcome Measure(s): Cell proliferation was measured by the 3-(4.5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide assay, the bromo-2=-deoxyuridine assay, and the sodium 3=-[1-(phenylaminocarbonyl)-3,4-
tetrazolium]-bis (4-methoxy-6-nitro) benzene sulfonic acid hydrate assay. Changes in protein expression were
measured by immunoblotting, and modifications in gene expression were measured by quantitative real-time
polymerase chain reaction.
Result(s): Both 1 nM and 10 nM of either E2 or raloxifene achieved a similar increase in cell proliferation. The
pure antiestrogen ICI 182780 only blocked the E2-induced proliferative effect. Western blot experiments detected
an increase in the expression of only cyclin A and B1, and a decreasing trend for p27Kip1. Enhancements in gene
expression were observed in response to E2 and raloxifene for cyclin A and B1. No significant changes were
found for p27Kip1. The ICI 182780 effectively abrogated the increased gene expression associated with E2 for
cyclin B1, but not for cyclin A. In contrast, ICI 182780 was ineffective in the case of raloxifene.
Conclusion(s): Raloxifene increased the proliferation of HUVECs in association with enhanced gene expression
of cyclins A and B1. (Fertil Steril� 2007;88:326–32. ©2007 by American Society for Reproductive Medicine.)

Key Words: Raloxifene, endothelium, proliferation, estrogen receptors, cell-cycle regulators, cyclin A, cyclin B1
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here is a wealth of epidemiological, clinical, and experimental
ata in favor of a protective effect of estrogens (Es) against
oronary heart disease (CHD). However, the discrepancies be-
ween the results of randomized, controlled trials (1–3) and
ost of the previous experimental and clinical evidence have

ourished the hypothesis that the stage of the disease may be
rucial for the action of Es on the risk for CHD. Estrogens may
e protective during the process of atherogenesis, but prejudi-
ial at most advanced stages, where the so-called “unstable”
theroma plaques are prevalent. The importance of this question
s the driving force behind the multicenter Kronos Early Estro-
en Prevention Study (KEEPS) (4).

Selective E-receptor modulators (SERMs) constitute a
ide array of compounds capable of binding to the E recep-

or (ER) to induce a whole spectrum of effects, from full

gonism to antagonism, as a result of the type of ligand or

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.185
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he target tissue (5). Raloxifene is a benzothiophene deriva-
ive that shows agonistic activity on bone (2). Evidence is
ccumulating in favor of an agonistic effect of raloxifene on
he cardiovascular tree (6).

The Raloxifene Use for the Heart (RUTH) Study, a trial
pecifically designed to clarify the effect of raloxifene on the
isk for CHD in women with high cardiovascular risk,
howed that raloxifene is neutral against coronary disease,
lthough not against severe stroke, in high-risk women (7).
his neutral effect of raloxifene seems advantageous when
ompared with the prejudicial effects detected with com-
ined hormone therapy (2). Moreover, the protective action
f raloxifene on several key areas of atherogenesis was
reviously investigated (8,9).

There are no data, however, on the effect of raloxifene on
ndothelial-cell (EC) proliferation. This point is of interest
ecause the initiation of atherosclerosis is understood at
resent as a consequence of the disruption of the anatomic
nd functional integrity of the endothelium (10). To rein-
orce this concept, various experimental models demon-
trated that damage to, and the removal of, luminal endothe-
ium result in arterial-lesion formation, with a severity
roportional to the duration of endothelial denudation (11).

During the process of re-endothelialization of denuded
rteries, ECs must reenter the cell cycle and undergo several
ell cycles of proliferation (12). Moreover, the balance be-
ween the action of angiogenic stimulators and inhibitors
ill determine the dynamics of EC proliferation (13).

As for other mammalian cells, progression through the
ell cycle in EC is driven by several cyclin-dependent pro-
ein kinases (CDKs) that function at different phases of the
ell cycle. The activation of CDKs requires their association
ith cyclins, a family of structurally related proteins, such as

yclins A and B1, which work at phases S and M of the cell
ycle. Different CDK/cyclin complexes are activated in a
equence that is linked with the phases of the cell cycle. The
evels of individual cyclins, which fluctuate during different
hases of the cell cycle, are controlled transcriptionally and
y the ubiquitin-dependent proteolytic machinery. The CDK
nhibitors, such as p27Kip1, negatively regulate CDK activity
12,14).

In this study, we investigated the effect of raloxifene on
he proliferation of human umbilical-vein endothelial cells
HUVECs). Furthermore, we assessed whether the process
as associated with changes in the gene expression of cyc-

ins A and B1, CDKs, and p27Kip1.

ATERIALS AND METHODS
his study received Institutional Review Board approval at
ur center (Hospital Clínico Universitario, Valencia, Spain).

ell Culture and Experimental Design
rimary HUVECs were isolated, identified, and cultured as

escribed elsewhere (15). Cells from passages 4–6 were seeded D

ertility and Sterility�
nto 96-well at 2 � 104 cells per well (93-(4.5-dimethylthiazol-
-yl)-2,5-diphenyltetrazolium bromide [MTT] assay) or at 1 �
04 cells per well (sodium 3=-[1-(phenylaminocarbonyl)-3,4-
etrazolium]-bis (4-methoxy-6-nitro) benzene sulfonic acid hy-
rate [XTT] assay or bromo-2=-deoxyuridine [BrdU] assay) for
roliferation and measurement of cell viability, and onto 25-
m2 flasks for Western blot assays and messenger RNA
mRNA) extraction. Cell viability was assessed as previously
eported (16). None of the tested compounds were toxic for
UVECs.

To study the cell cycle, cells were made quiescent, and
heir cell-cycle activities were synchronized at the G0 and
1 phase by the incubation of confluent monolayers (ap-
roximately 75%) with phenol red-free Medium 199
GIBCO, Invitrogen, Barcelona, Spain), supplemented with
% charcoal/dextran-treated fetal bovine serum (GIBCO) for
4 hours, as previously reported (17). Then experiments
ere performed to determine the incubation time as well as

he concentration of different drugs [E2 (Sigma, Alcobendas,
pain), raloxifene (Lilly Research Laboratories, Indianapo-

is, IN) or ICI 182780 (Tocris, Biogen, Madrid, Spain)]
uitable to warrant optimal cell proliferation.

easurement of Cell Proliferation
n this group of experiments, starvation-synchronized cul-
ures were treated with increasing doses (0.1–10 nM) of
ither raloxifene or E2, with or without ICI 182780 (1 �M),
nd were allowed to proliferate at 37°C with 5% CO2 for 5
ays (MTT assay) or for 24 hours (XTT and BrdU assays).

TT assay At the end of each proliferation period, the
edium was discarded, and wells were washed twice with

hosphate-buffered saline (PBS). Then cells were incubated
t 37°C with 5% CO2 for 3 hours with 100 �L of 0.1 mg/mL
TT, dissolved in culture medium. The medium was then

emoved by aspiration, and formazan contained in cells was
olubilized with 100 �L dimethyl sulfoxide (DMSO). The
xtent of reduction of MTT to formazan was quantified
hrough the measurement of optical density at 540 nm by
sing a microplate reader (Bio-Rad, Hercules, CA). Results
ere expressed as the relative proportion of formazan pro-
uced by treated versus untreated cells.

rdU and XTT incorporation assays In these experiments,
ells allowed to proliferate in the presence of 199 phenol-red–
ree medium supplemented with EGM-2 (Cambrex; Clonetics,

alkersville, MD) were used as positive controls.

The BrdU colorimetric kit (Roche Diagnostics, Madrid,
pain) was used for the BrdU incorporation assay. Absor-
ance was read using a Wallac 1420 Victor 2 multilabel
ounter (EG&G, Turku, Finland) at 380 nm, with 490 nm as
eference filter. Data were obtained by substracting the back-
round reading, with reference to the control wells exposed
nly to DMSO.

The Colorimetric Cell-Proliferation Kit II (XTT) (Roche

iagnostics) was used for the XTT assay. Cells were incu-
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ated for 2 hours and 15 minutes with the XTT labeling
ixture. Then absorbance was read with the use of a micro-

late reader (Bio-Rad) at 450 nm. Data were obtained for
omparison of values against controls (cells treated with
ehicles, i.e., either ethanol or DMSO).

mmunoblotting
xperiments were performed as previously described (15).
he following specific antibodies were used for immuno-
taining: 1/500 anti-cyclin A (sc-751), 1/200 anti-cyclin B
sc-751), 1/200 anti-p27Kip1 (sc-1641), 1/200 anti-ER� (sc-
002), 1/200 anti-ER� (sc-8974), 1/200 anti-CDK2 (sc-
63G), and 1/200 anti-CDK4 (sc-260), all from Santa Cruz
iotechnology (Santa Cruz, CA), and anti-cyclin D1 (NCL-
yclin D1-GM) from Novocastra Laboratories, Newcastle,
nited Kingdom.

Visualization of positive antibody binding was performed
ith alkaline-phosphatase-linked anti-rabbit antibody (for

yclin A and ER�) or anti-mouse antibody (for cyclin B, D1,
DK4, p27Kip1, and ER�) (Sigma, Alcobendas, Spain) or
nti-goat antibody for CDK2, followed by the nitroblue
etrazolium (NBT)/5-bromo-4-chloro-3-indolyl phosphate,
-toluidine salt (BCIP) color development reaction.

NA Isolation and Quantitative Real-Time Polymerase
hain Reaction Assay
o assess the effect of raloxifene and E2 on gene expression,

otal cellular RNA was extracted from quiescent HUVECs
ith the use of the TRIzol reagent (Invitrogen, Barcelona,
pain), and was reverse-transcribed (1 �g total RNA) by use
f the SuperScript First-Strand Synthesis System for RT-
CR (Invitrogen, Barcelona, Spain). Primers for the quanti-

ative real-time polymerase chain reaction (QRT-PCR) (Ta-
le 1) were designed using Primers Express Software
Applied Biosystems, Foster City, CA), and were synthe-
ized by Custom Primers (Invitrogen).

The QRT-PCR was performed using an ABI Prism 7700
equence Detection System (Perkin Elmer, Nieuwerkerk,

TABLE 1
Primer sequences and PCR amplicon sizes corre
cyclin B1, p27, and GAPDH.

Gene
name

Gene Bank
accession

number Forward primer se

Cyclin A NCBI X68303 CGTGGACTGGTTAGT
Cyclin B1 NCBI AY338491 GTGTGCCCAAGAAGA
p27 NCBI AF480891 GGAATAAGGAAGCGA
GAPDH NCBI NM_002046 CTGCTCCTCCTGTTC
Oviedo. Raloxifene and HUVEC proliferation. Fertil Steril 2007.
he Netherlands), with an initial denaturation step at 95°C for 1

328 Oviedo et al. Raloxifene and HUVEC proliferation
0 minutes, followed by 40 cycles of 95°C for 15 seconds
nd 60°C for 1 minute. In parallel, fivefold serial dilutions of
known complementary DNA standard were run as calibra-

ion curves for each assay.

After the amplification process, a melting-curve program
as used so that all amplicons were obtained at the same

emperature, and so that there was no amplification of other
roducts. To corroborate amplicon sizes, 1.7% agarose gels
ere prepared with the use of SYBR Safe DNA gel stain in
.5� Tris-Borate-EDTA (TBE) (Invitrogen Molecular
robes, Barcelona, Spain), and run at 80 v for 75 minutes in
andomly selected cases.

The relative gene-expression level of each cyclin and of
27 was calculated in relation to the housekeeping gene
APDH, in accordance with Pfaffl et al. (18).

tatistical Analysis
ata were expressed as the ratio of values to their corre-

ponding baseline control. Results in tables and figures are
resented as mean � SEM. A Kolmogorov-Smirnov one-
ample test was used to check whether variables were nor-
ally distributed. An analysis of variance test was applied

or comparisons of means, and differences were analyzed by
tudent’s t-test. P�.05 was considered significant. The sta-

istical analysis was performed using Prism 4 software
GraphPad Software Inc., San Diego, CA).

ESULTS
ffect of Raloxifene on Cell Proliferation Assays
he use of increasing doses of either raloxifene or E2 con-
rmed significant changes in the proliferation rate, as as-
essed by the MTT assay (Fig. 1). The increases were of
imilar magnitude for both E2 and raloxifene, ranging from
.07 � 0.08 to 1.04 � 0.08 at 0.1 nM, and from 1.15 � 0.07
o 1.22 � 0.08 at 10 nM, respectively.

To investigate the role of ERs in proliferation, HUVECs
ere coexposed to the nonselective ER antagonist ICI

nding to QRT-PCR amplification of cyclin A,

nce Reverse primer sequence

Fragment
length

(base pairs)

ATGGCAAATACTTGAGGT 416
C AGTTGGTGTCCATTCACCA 369
TGCA TCCACAGAACCGGCATTTG 107
AGT CCGTTGACTCCGACCTTCAC 100
spo

que

TGA
TG
CC

GAC
82780 (1 �M). The ICI 182780 was able to revert the

Vol. 88, No. 2, August 2007
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ncreased proliferation observed in response to E2, but not to
aloxifene (Fig. 1).

Our findings with MTT were corroborated with the more
ensitive BrdU and XTT assays. Both E2 and raloxifene
ncreased cell proliferation in both assays, with increments
eaching 1.25 � 0.07 and 1.12 � 0.08 for the BrdU assay,
nd 1.16 � 0.04 and 1.09 � 0.04 for the XTT assay,
espectively (Fig. 2A,B). The ICI 182780 reverted the pro-
iferative effect of E2, but not that of raloxifene (Fig. 2A,B).

R Protein Expression
o changes in ER� and ER� protein expression were ob-

erved for E2 and raloxifene when used alone. However,
oexposure to ICI 182780 was associated with increased
xpression for ER� in the case of raloxifene, and for ER� in
he case of E2 (Fig. 3A,B).

ffect of Raloxifene on Cyclins A and B1, and p27Kip1

rotein Expression
estern blot experiments were performed to investigate

FIGURE 1

Proliferation of HUVECs in response to either E2 or
raloxifene (MTT assay). Quiescent HUVECs were
exposed to increasing doses of either E2 or
raloxifene (0.1–10 nM), and allowed to proliferate
for up to 5 days. To investigate the role of ERs,
cells were coexposed to 1 �M ICI 182780. The
culture medium was then discarded, and the MTT
protocol was followed. Data are the ratio of
formazan produced by treated cells to that
produced by control cells, and are the mean �
SEM of quadruplicate determinations from 7–13
different experiments performed in cells from three
different cultures. *P�.05 versus control values,
†P�.05 versus same dose of E2 without ICI
182780, and ‡P�.05 versus ICI 182780 alone.

Oviedo. Raloxifene and HUVEC proliferation. Fertil Steril 2007.
hether the cell proliferation induced by E2 or raloxifene

ertility and Sterility�
as associated with changes in the expression of the cell-
ycle regulators A, B1, D1, CDK2, CDK4, and p27Kip1. In a
rst set of experiments, the treatment of cells with 1 nM
aloxifene for 24 hours showed increases that clearly ex-
eeded those of untreated controls for cyclins A1 and B only,
hereas the expression of p27Kip1 slightly decreased (data
ot shown).

Then the time course of cyclins A and B1, as well as that
f p27Kip1, was investigated. Quiescent HUVECs were
reated with 1 nM E2 or raloxifene, and were incubated for 0,
, 16, 24, and 48 hours. Data (mean of three different
xperiments performed in cells from three different cultures)
ere expressed as the ratio of values to their control at t �
. The increased expression of cyclin A associated with
aloxifene treatment was highest at the 16-hour time point,
nd then gradually decreased up to 48 hours. Estradiol
howed the same increasing profile, but the highest protein
xpression was reached after 24 hours of treatment, with a
imilar decreasing pattern up to 48 hours. Figure 4 gives an

FIGURE 2

Proliferation of HUVECs in response to either E2 or
raloxifene (BrdU and XTT assays). Quiescent
HUVECs were exposed to 10 nM of either E2 or
raloxifene, with or without 1 �M ICI 182780. Data
are expressed as the ratio of either BrdU
incorporated (A) or formazan produced (B) by
treated cells to that incorporated or produced by
control cells, and are given mean � SEM of
quadruplicate determinations from 4–10 different
experiments performed in cells from four different
cultures. *P�.05 versus control values, and
†P�.05 versus E2 alone.
Oviedo. Raloxifene and HUVEC proliferation. Fertil Steril 2007.
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xample of Western blots obtained from these time-course
xperiments.

A similar pattern of expression, which was higher for
aloxifene than for E2, was followed by cyclin B1, although
he highest level was observed at the 24-hour time-point.

A slight reduction in the expression of p27Kip1 was ob-
erved for both raloxifene and E2, although the lowest level
as detected at the 16-hour time-point for raloxifene, and at

he 4-hour time-point for E2.

ffect of Raloxifene on Cyclins A and B1 and p27Kip1

ene Expression
oth E2 and raloxifene induced significant increases in cy-

FIGURE 3

Estrogen receptor expression in cultured human
ECs. Quiescent HUVECs were exposed to either
E2 or raloxifene (10 nM) alone, or were associated
with 1 �M ICI 182780 for 24 hours. Then cells
were collected in lysis buffer, protein was
measured, and equal amounts of protein (range,
70–130 �g) were subjected to 8.5% acrylamide
gel electrophoresis and immunoblotted with
specific anti-ER� (A) or anti-ER� (B) antibodies.
Relative levels of ER� and ER� were assessed by
densitometry of bands of 66 kd (ER�) or 56-kd
(ER�). Data are expressed as the mean � SEM of
5–8 different experiments performed in cells from
three different cultures. *P�.05 versus control
values, and †P�.05 versus raloxifene alone and
versus ICI 182780 alone.

Oviedo. Raloxifene and HUVEC proliferation. Fertil Steril 2007.
lin A gene expression when used at 10 nM, but not at 1 nM.

330 Oviedo et al. Raloxifene and HUVEC proliferation
imilar mean increases in cyclin A gene expression, reach-
ng 1.73 � 0.18 for E2 and 1.81 � 0.16 for raloxifene, were
btained when the drugs were used at 10 nM, but not at 1
M. Consistent with data observed for cell proliferation, ICI
82780 was able to reduce E2-induced, but not raloxifene-
nduced, mRNA cyclin A (Fig. 5A).

Increases in gene expression similar to those found for
yclin A were observed for cyclin B1 at 1 nM and 10 nM of
oth E2 (1.43 � 0.19 and 1.56 � 0.22, respectively) and
aloxifene (1.52 � 0.20 and 1.65 � 0.29, respectively).
gain, ICI seemed less effective in the case of raloxifene
ecause, in contrast with the complete reversion of the
ffects of E2 at both doses, higher cyclin B1 mRNA levels
ere measured after exposure to 10 nM raloxifene and ICI

1.97 � 0.33-fold increase) in comparison to ICI 182780
lone (Fig. 5B). Neither E2 nor raloxifene determined
hanges in mRNA p27Kip1 expression (data not shown).

ISCUSSION
his study shows for the first time that raloxifene promotes
roliferation of HUVECs in a magnitude similar to that of

2. This effect was confirmed by the concordant results of
hree different assays: MTT, BrdU, and XTT. Furthermore,
his action is associated with enhanced expression of cyclins

and B1.

These data add to a series of actions set in motion by
aloxifene that, globally, suggest a protective effect against
therogenesis. Thus, raloxifene was shown to induce a fa-
orable lipid profile, to protect low-density lipoprotein mol-

FIGURE 4

Cyclins A and B1 and p27Kip1 protein expression
in cultured human ECs. Quiescent HUVEC were
exposed to 1 nM either raloxifene (A) or E2 (B) for
different periods of time (0–48 hours). Then cells
were collected in lysis buffer, protein was
measured, and equal amounts of protein (range,
45–60 �g) were subjected to 15% acrylamide gel
electrophoresis and immunoblotted with specific
anti-cyclin A, or anti-cyclin B1, or anti-p27
antibodies. Examples of 55–60-kd bands (cyclins
A and B1) or 27-kd bands (p27) are shown.
Oviedo. Raloxifene and HUVEC proliferation. Fertil Steril 2007.
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cules from oxidation (19), to promote endothelial health as
uggested by the increased release of nitric oxide (20) and
rostacyclin (15), to reduce the expression of some adhesion
olecules (21), and under specific conditions to limit vas-

ular smooth muscle cell proliferation (22,23). The prolifer-
tive effect confirmed in this study further suggests a role for
aloxifene in the enhancement of mechanisms of endothelial
epair, which are crucial for functional endothelial preserva-
ion. This point is of interest because, as suggested for Es (4),
aloxifene might have a protective effect against cardiovas-
ular disease when administered to women during the early
ostmenopausal period.

It is important to stress that the magnitude of the prolif-
rative effect was similar to that induced by E2 (24,25).
oreover, this effect was observed at a similar concentration

ange of 1 nM–10 nM. The observed proliferation capacity is
ongruent with the idiosyncrasy of ECs that, even under
ptimal conditions, they were demonstrated to display only

FIGURE 5

Modulation of relative expression of cyclins A and
B1 mRNA in HUVECs by E2 or raloxifene.
Quiescent HUVECs were treated with 1–10 nM of
either E2 or raloxifene alone, or were associated
with ICI 182780 (1 �M) for 24 hours. The mRNA
was extracted and reverse-transcribed (1 �g total
RNA). The relative gene expressions of cyclins A
and B1, and of GAPDH (housekeeping gene), were
quantified by using QRT-PCR. Data are expressed
as the fold response over control values � SEM of
7–17 duplicate determinations, corresponding to
five different experiments performed in cells from
five different primary cultures. *P�.05 versus
control values, †P�.05 versus 1 nM E2 plus ICI
182780, ‡P�.05 vs. ICI 182780 alone, and
§P�.005 versus 1 nM of the same compound.

Oviedo. Raloxifene and HUVEC proliferation. Fertil Steril 2007.
oderate proliferation capacity (12). a

ertility and Sterility�
Despite the similar magnitude of the effect, it is interesting
hat the mechanisms activated by raloxifene did not match
hose promoted by E2. The abolition of the E2 proliferative
ffect by concurrent treatment with the pure antiestrogen ICI
82780 clearly implicates an involvement of the classical ER
athway. This observation is consistent with previous work
howing that E2-induced increases in vascular endothelial
rowth factor receptor expression on ECs were blocked by
CI 182780 in a process that appeared to be mediated pri-
arily by ER� (26).

In contrast, the addition of ICI 182780 to raloxifene had a
ess clear effect (Figs. 1, 2). Although our data do not clarify
he mechanism, the three potential alternatives to the classi-
al ER pathway include the ligand-independent pathway, the
R element-independent pathway, and the nongenomic path-
ay, this last option involving the participation of membrane

eceptors (27).

In support of the nongenomic pathway, a novel membrane
eceptor that binds exclusively to SERMs was identified in
xperiments with tamoxifen (28). In addition, there are a
onsiderable number of effects of raloxifene, and of other
ERMs, which were shown to be mediated by rapid, non-
enomic pathways. For example, the activation of nitric
xide synthase (NOS) and the subsequent release of nitric
xide by HUVECs were associated with a rapid phosphor-
lation of NOS with the participation of the protein kinase
kt (20).

Also of interest, ICI 182780 alone decreased cell prolif-
ration in MTT assays, an effect observed under culture
onditions where media were free of phenol red and treated
ith charcoal. We lack a clear answer for this finding.
ossible explanations include an off-target effect of the drug,
r a specific action of ICI 182780 associated with this assay.
ther effects of ICI 182780 alone were described for other

ndothelial functions, such as cyclooxigenase-1 gene expres-
ion, in experiments performed with the same HUVEC
odel (15).

As expected for a proliferation rate as moderate as that of
Cs, the mean size of relative mRNA changes was less than

wofold in all cases. Moreover, the particulars of the mech-
nisms promoted by raloxifene and estradiol on gene expres-
ion of cyclins A and B1 seem rather complex.

In the case of cyclin A, a certain level of gene activity
emained after the addition of ICI 182780 to 10 nM of either

2 or raloxifene, the only concentration at which enhanced
ene expression could be detected. Consequently, a certain
ongenomic effect of E2 cannot be discarded at this level. In
ontrast, ICI 182780 completely abolished the increased
ene expression induced by E2 on cyclin B1, whereas a
efractory response to ICI 182780 remained for the effect of
aloxifene only at the 10-nM dose. Nonetheless, we cannot
ule out that the dispersion of values observed for the asso-
iation of ICI 182780 with 1 nM raloxifene might have

ffected the lack of significance for the increasing trend
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bserved at this concentration. No significant changes were
etected in the gene expression of p27kip1 with E2 or
aloxifene.

In conclusion, we found that the use of raloxifene at doses
f 1–10 nM is followed by a clear proliferative effect on
UVECs. This action involved the increased gene expres-

ion of cyclins A and B1 in the presence of unaltered
27Kip1. Given the role of p27Kip1 as a CDK inhibitor that
onsequently acts as a negative regulator of the cell-cycle
rogression, there is consistency between the proliferations
bserved in this study and the concomitant changes detected
n cell-cycle regulators. We concentrated our attention on
yclins A and B1 and on p27Kip1 as a consequence of
bservations noted in our Western blot overview of the
hanges that occurred in the whole panel of key cell-cycle
egulators. However, we cannot absolutely rule out that other
egulators of the cell cycle might have a certain level of
articipation in the process.
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IN VITRO FERTILIZATION
Among women undergoing embryo transfer,
is the probability of pregnancy and live birth improved
with ultrasound guidance over clinical touch alone?
A systemic review and meta-analysis of prospective
randomized trials
Ahmed M. Abou-Setta, M.D., Ragaa T. Mansour, M.D., Ph.D., Hesham G. Al-Inany, M.D., Ph.D.,
Mona M. Aboulghar, M.D., Mohamed A. Aboulghar, M.D., and Gamal I. Serour, M.D.

The Egyptian IVF-ET Center, Cairo, Egypt

Objective: To investigate the theory that ultrasound guidance during ET improves clinical outcomes.
Design: Systematic review of prospective, randomized, controlled trials comparing ultrasound with clinical touch
methods of embryo catheter guidance.
Setting: Infertility centers.
Patient(s): 5,968 ET cycles in women.
Intervention(s): Embryo transfer with or without ultrasound guidance.
Main Outcome Measure(s): Meticulous electronic (e.g., PubMed, EMBASE, CENTRAL) and hand searches were
performed to locate trials. Primary outcome measures were the live-birth, ongoing pregnancy, and clinical preg-
nancy rates. Secondary outcome measures were the implantation, multiple pregnancies, and miscarriage rates.
In addition, the incidences of ectopic pregnancies and difficult transfers were evaluated.
Result(s): Twenty-five studies were retrieved, of which five were excluded. Meta-analysis of the remaining studies
(5,968 ET cycles in women) was conducted by using the Mantel-Haenszel method (fixed-effect model).

There was a significantly increased chance of a live birth (odds ratio [OR] ¼ 1.78, 95% confidence interval
[CI] ¼ 1.19 to 2.67), ongoing pregnancy (OR ¼ 1.51, 95% CI ¼ 1.31 to 1.74), clinical pregnancy (OR ¼ 1.50,
95% CI ¼ 1.34 to 1.67), embryo implantation (OR ¼ 1.35, 95% CI ¼ 1.22 to 1.50), and easy transfer rates after
ultrasound guidance (OR ¼ 0.68, 95% CI ¼ 0.58 to 0.81). There was no difference in multiple pregnancy, ectopic
pregnancy, or miscarriage rates.
Conclusion(s): Ultrasound-guided ET significantly increases the chance of live birth and ongoing and clinical
pregnancy rates compared with the clinical touch method. (Fertil Steril� 2007;88:333–41. �2007 by American
Society for Reproductive Medicine.)

Key Words: Ultrasound-guided ET, clinical touch ET, meta-analysis, in vitro fertilization
Despite the major advancements made in ovarian stimulation
protocols and in vitro embryo development, the pregnancy
and embryo implantation rates after ET have remained rela-
tively low. The majority of patients undergoing IVF will
reach the transfer stage, with good-quality embryos available
for transfer, but only a small proportion of them will ever
achieve a clinical pregnancy, an ongoing pregnancy, or
a live birth. It is estimated that up to 85% of the embryos
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replaced into the uterine cavity will fail to implant (1). This
makes the ET procedure a highly vital and, at the same
time, highly inefficient step in IVF. Consequently, any mod-
ification to the standard protocol that will improve the out-
comes is of great value.

The pregnancy rate after ET is dependent on multiple fac-
tors including embryo quality, endometrial receptivity, and
the technique of the ET itself (2). In recent years, more stress
has been placed on optimizing and standardizing the ET
protocol. Factors such as ease of the procedure (3), catheter
choice (4, 5), and dummy ET (6) have proved to improve
the clinical outcomes.

Today, more than 25 years after the first reports of the
beneficial effect of ultrasound guidance during the ‘‘blind’’
ET procedure were published (7, 8), the routine use of
Fertility and Sterility� Vol. 88, No. 2, August 2007 333
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ultrasonography to guide the intrauterine ET catheter place-
ment still is debated highly. This has been fueled by the con-
flicting results of published clinical trials, with some
concluding that ultrasound guidance improves the clinical
pregnancy and implantation rates and others reporting no
such improvement in their results. In light of this controversy,
and the need to identify clearly the relative efficacy of ultra-
sound guidance during ET, we decided to locate, analyze, and
review systematically the best available evidence today for
the use of ultrasonography during ET.

MATERIALS AND METHODS

Criteria for Considering Studies for This Review

All published, unpublished, and ongoing randomized trials
reporting data that compare outcomes for women undergoing
ET through the cervical route after IVF, or ICSI, using ultra-
sound-guided versus the clinical touch method were sought
in all languages.

Types of Outcome Measures

The primary outcome measures were the live-birth, ongoing
pregnancy, and clinical pregnancy rates. The secondary out-
comes were the implantation, multiple pregnancies, and
miscarriage rates. In addition, the incidences of ectopic
pregnancies, difficult or failed transfers, and need for instru-
mental assistance during the transfer (e.g., stylette, tenacu-
lum, dilatation, sounding), were evaluated. Last, the tips of
the posttransfer catheters were evaluated for signs of cervical
or endometrial trauma (e.g., presence of blood, mucus, or
both), in addition to retained embryos.

Search Strategy for Identification of Studies

Meticulous computerized searches (last performed July
2006) were conducted by using MEDLINE (1966 to present);
EMBASE (1980 to present); the Cochrane Central Register
of Controlled Trials (CENTRAL) on the Cochrane Library
issue 3, 2006; the National Research Register; the trial regis-
ter of controlled trials (www.controlled-trials.com); the Latin
American and Caribbean Health Sciences Literature database
(LILACS); and details on reviews in progress collected by the
National Health Service Centre for Reviews and Dissemina-
tion. Furthermore, the reference lists of all known primary
studies, review articles, citation lists of relevant publications,
abstracts of major scientific meetings (e.g., European Society
of Human Reproduction and Embryology and American
Society for Reproductive Medicine), and included studies
were examined to identify additional relevant citations.
Finally, ongoing and unpublished trials were sought by con-
tacting experts in the field and commercial entities.

Methods of the Review

A standardized data extraction form was developed and pilot
tested for consistency and completeness. Trials were consid-
ered for inclusion, and trial data extracted. Data management
and statistical analyses were conducted by using the Review
Manager 4.2, Meta-analysis With Interactive Explanations
334 Abou-Setta et al. Ultrasound-guided ET
1.2, and Power and Sample Size Calculations 2.1.30 statisti-
cal software packages.

Individual outcome data were included in the analysis
if they met the prestated criteria. Where possible, data were
extracted to allow for an intention-to-treat analysis, defined
as including in the denominator all randomized cycles. If
data from the trial reports were insufficient or missing, the in-
vestigators of individual trials were contacted via E-mail for
additional information, to perform analyses on an intention-
to-treat basis. A response was received from the correspon-
dence authors of nine trials (9–17), with two providing the
unpublished live-birth rates (11, 14).

For the meta-analysis, the number of participants experi-
encing the event in each group of the trial was recorded. Sta-
tistical heterogeneity of the included studies was determined
by visual inspection of the outcome tables and more formally
by using the c2 and I2 tests for heterogeneity.

The I2 test is a statistical measure used to identify and quan-
tify heterogeneity. It describes the percentage of the variabil-
ity in effect estimates that is due to heterogeneity rather than
sampling error (chance) (18). An I2 value greater than 50%
may be considered to represent substantial heterogeneity.

Meta-analysis of binary data was performed with the
Mantel-Haenszel method and a fixed-effect model, and the
odds ratio (OR) and 95% confidence intervals (95% CI) eval-
uated. Subsequently a sensitivity analysis was conducted by
using the random-effects model. Furthermore, where appro-
priate, subgroup analyses were performed.

Search Results

A total of 25 prospective randomized controlled trials were
identified (13 full-text papers, 11 conference abstracts, and
one unpublished study) (Fig. 1). Of these, three studies
(19–21) were excluded initially for duplicate publication
(i.e., published as abstract in a conference proceeding and
as full text in a peer-reviewed journal). In addition, two trials
(10, 12) were excluded because no data were available for
review. Finally, the methodologic quality of the remaining
20 trials was assessed and data extracted to allow for an
intention-to-treat analysis (Table 1).

RESULTS

Primary Outcome Measures

With regard to the primary outcome measures, there was
a significantly increased chance of a live birth (ultrasonogra-
phy: 76/305 vs. clinical touch: 49/310, OR ¼ 1.78, 95%
CI ¼ 1.19 to 2.67), an ongoing pregnancy (ultrasonography:
656/1,902 vs. clinical touch: 557/2,065, OR ¼ 1.51, 95%
CI ¼ 1.31 to 1.74), and clinical pregnancy (ultrasonography:
1086/2,941 vs. clinical touch: 884/3,027, OR ¼ 1.50, 95%
CI ¼ 1.34 to 1.68) with ultrasound guidance than with the
standard clinical touch method (Figs. 2–4). Moreover, sub-
group analyses of only the truly randomized trials, fresh non-
donor cycles, and the frozen embryo replacement cycles
Vol. 88, No. 2, August 2007
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FIGURE 1

(A) Funnel and (B) ‘‘trim and fill’’ plots for ongoing pregnancy rates. RD ¼ risk difference.

Abou-Setta. Ultrasound-guided ET. Fertil Steril 2007.
revealed similar results (Table 2). Even so, patients undergo-
ing oocyte donor cycles did not demonstrate any significant
findings between the ultrasound-guided and the clinical touch
groups. Nevertheless, it is important to note that only one trial
used oocyte donor cycles.

Secondary Outcome Measures

As for the secondary outcome measures, therewas a significant
increased chance of embryo implantation after ultrasound
guidance compared with the standard clinical touch method
(ultrasonography: 974/5,662 vs. clinical touch: 810/5,841,
OR¼ 1.35, 95% CI¼ 1.22 to 1.50). Even so, there were sim-
ilar rates of multiple pregnancies, ectopic pregnancies, and
spontaneous miscarriages in the two groups (P>.05).

As for the ease of transfer and the need for instrumental as-
sistance, there was a statistically significant increased chance
of having a difficult transfer, need for instrumental assistance,
and failure to transfer with the assigned catheter during clin-
ical touch alone compared with ultrasound guidance (Table
2). Even so, there was significant heterogeneity between
the study trials: ease of transfer (c2 ¼ 53.06, I2 ¼ 83.0%,
P<.00001); need for instrumental assistance (c2 ¼ 57.83,
I2 ¼ 89.6%, P<.00001); failure to transfer with the assigned
catheter (c2 ¼ 2.92, I2 ¼ 65.8%, P<.09). Therefore, a series
of sensitivity analyses were undertaken. The results of these
analyses could only confirm the increased usage of instru-
mental assistance with the clinical touch group compared
with the ultrasound-guided group (P¼.04). The remaining
comparisons could not be verified.

Finally, the catheter tips were evaluated for the presence of
blood, mucus, and/or retained embryos. There were no signif-
icant differences for these rates between the two groups with
Fertility and Sterility�
the exception of increased incidence of finding blood on the
catheter tips after clinical touch ET.

DISCUSSION

Although most patients who undergo assisted procreation,
via IVF or ICSI, will reach the ET stage with good-quality
embryos available for replacement, embryo implantation
remains the rate-limiting step in the success of this form of
therapy. The aim of the ET procedure is to place embryos
atraumatically and accurately within the uterus to allow for
proper implantation and fetal development. Studies have
shown that different factors may be involved in a successful
transfer. These include ET catheter choice (4, 5), the use of
ultrasound guidance (35, 36), the experience of the physician
(37), the ease of the procedure (3), the presence or absence of
blood on the catheter (38), the use of cervical introducers or
obturators (39), the value of resting after transfer (40), the
position of embryo insertion in the uterus (41, 42), and reten-
tion of embryos in the catheter (43).

To ascertain the importance of each step involved in the
ET procedure, individual factors must be evaluated indepen-
dently. Therefore, the ET procedure may be divided arbi-
trarily into four distinct sections: [1] preparation before ET
(e.g., patient position, cervical preparation, uterine position,
and the dummy ET); [2] technical aspects related to the ET
catheter (e.g., catheter type and catheter loading); [3] the
ET procedure (e.g., the site of embryo deposition within
the uterus and techniques to assist with the accurate place-
ment of the embryo within the uterus; and [4] posttransfer
aspects (e.g., expulsion of fluid/embryos from the cervix after
ET and bed rest after ET) (44). Because it would be difficult
to compare several factors accurately at the same time, we
decided to concentrate on one factor, the beneficial value of
335



ntion-
-treat Follow-up Confounders

T CPR Present—multiple
catheters

T CPR Multiple studies

T CPR Not evident
T OPR Not evident

T OPR Not evident

T LBR Not evident

T OPR Multiple
physicians

T CPR Multiple
physicians

ot ITT OPR Present—multiple
catheters

T CPR Not evident
T CPR Not evident
T OPR Multiple catheters
T LBR Not evident

T CPR Multiple studies

T CPR Not evident
T CPR Not evident
T CPR Not evident
T OPR Multiple

physicians
T CPR Not evident
ot ITT CPR Multiple studies,

physicians

live-birth rate.
TABLE 1
Review table of the included studies, comparing ultrasound-guided ET with clinical touch ET.

Included studies Patients
ET

cycles
A-priori sample
size calculation

Method of
randomization

Method of
randomization
concealment

Inte
to

Abdelmassih et al. (22) NA 39 Not performed Unclear Unclear IT

Al-Shawaf et al. (9) NA 241 Not performed Availability of
ultrasonographer

Inadequate IT

Bar Hava et al. (23) NA 131 Not performed Unclear Unclear IT
Coroleu et al. (24) 362 362 Not performed Computer-generated

randomization table
Unclear IT

Coroleu et al. (25) 184 184 Performed Computer-generated
randomization table

Unclear IT

de Camargo
Martins et al. (11)

100 100 Not performed Computer-generated
randomization table

Unclear IT

Garcia-Velasco
et al. (13)

374 374 Performed Random permuted
blocks

Adequate IT

Kan et al. (26) 195 195 Not performed Availability of
ultrasonographer

Inadequate IT

Kosmas et al. (27) 196 196 Not performed Computer-generated
randomization table

Unclear N

Li et al. (28) 330 330 Not performed Unclear Unclear IT
Maldonado et al. (29) 26 26 Not performed Unclear Unclear IT
Marconi et al. (30) 83 83 Not performed Unclear Unclear IT
Matorras et al. (14) 515 515 Not performed Computer-generated

randomization table
Unclear IT

Morago-Sanchez
et al. (31)

67 67 Not performed Unclear Unclear IT

Prapas et al. (32) NA 132 Not performed Alternate randomization Inadequate IT
Prapas et al. (15) 917 1,069 Not performed Alternate randomization Inadequate IT
Sallam et al. (33) 539 640 Not performed Alternate randomization Inadequate IT
Tang et al. (16) 800 800 Performed Computer-generated

randomization table
Adequate IT

Weissman et al. (33) 155 155 Not performed Unclear Unclear IT
Wisanto et al. (34) 200 200 Not performed Computer-generated

randomization table
Unclear N

Note: ITT ¼ intention to treat analysis performed; CPR ¼ clinical pregnancy rate; OPR ¼ ongoing pregnancy rate; LBR ¼
Abou-Setta. Ultrasound-guided ET. Fertil Steril 2007.
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FIGURE 2

Meta-analysis forest plots showing live-birth rate following ultrasound-guided versus clinical touch ET.
US ¼ ultrasound.

Abou-Setta. Ultrasound-guided ET. Fertil Steril 2007.
ultrasound guidance to guide catheter placement during the
ET procedure.

All the studies retrieved from our search have examined
the role of two-dimensional (2-D) transabdominal ultrasound
guidance during ET. Even so, vaginal ultrasound-guided
ET (40, 45), as well as the use of three-dimensional (46)
and fourth-dimensional ultrasound-guided ET have been re-
ported. Nonetheless, it is important to mention that to the
best of our knowledge there are no randomized controlled
trials comparing any of these new modalities either with the
standard clinical touch method or with the 2-D ultrasound–
guided method.

Systematic reviews and meta-analysis of randomized con-
trolled trials have proved to be the highest level of evidence in
Fertility and Sterility�
the hierarchy of medical knowledge. Even so, publication
and search biases may confound the results of any systemic re-
view, because studies showing positive results are more likely
to be published (47, 48). Therefore, every effort has been
made to avoid bias by searching a wide variety of online data-
bases (with no language barriers), hand searching of the gray
literature, and contacting commercial entities in search of un-
published or ongoing trials. The objective was to minimize the
chance of publication or selection bias to strengthen the valid-
ity of the results of the systematic review. Failure to identify
trials reported in conference proceedings might affect the re-
sults or threaten the validity of a systematic review (49).

In addition, multiple methods were used to detect publica-
tion, location, or selection biases including funnel plot, trim
FIGURE 3

Meta-analysis forest plots showing ongoing pregnancy rate following ultrasound-guided versus clinical touch ET.
US ¼ ultrasound.

Abou-Setta. Ultrasound-guided ET. Fertil Steril 2007.
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FIGURE 4

Meta-analysis forest plots showing clinical pregnancy rate following ultrasound-guided versus clinical touch ET.
US ¼ ultrasound.

Abou-Setta. Ultrasound-guided ET. Fertil Steril 2007.
and fill funnel plot, and the Egger regression analyses (50).
The funnel plot is a graphic display of study precision plotted
against the effect size. It is used to investigate whether there
is a link between study size and treatment effect. The funnel
plot of the included studies shows asymmetry that may be
due to publication bias. Even so, it is important to note that
there may be other etiologies for the asymmetry found in fun-
nel plot, including selection biases (e.g., location biases,
language bias, citation bias, multiple publication bias), poor
methodologic quality of smaller studies (e.g., poor methodo-
logic design, inadequate analysis, fraud), true heterogeneity
(i.e., size of effect differs according to study size), artifactual,
and just by chance (51).

Duval and Tweedie (52) have proposed the ‘‘trim and fill’’
method for defining the extent of publication bias. It is based
on adding studies to a funnel plot so that it becomes symmet-
rical. Then the smaller studies are omitted until the funnel
plot is symmetrical (trimming). The trimmed funnel plot is
used to estimate the true ‘‘center’’ of the funnel, and then the
omitted studies and their missing ‘‘counterparts’’ around
the center are replaced (filling). This provides an estimate
of the number of missing studies and an adjusted treatment
effect, including the ‘‘filled’’ studies.

Funnel plots, plots of the trials’ effect estimates against
sample size, are skewed and asymmetric in the presence of
338 Abou-Setta et al. Ultrasound-guided ET
publication bias and other biases. Funnel plot asymmetry,
measured by regression analysis, predicts discordance of
results when meta-analyses are compared with single large
trials. One of the commonly used regression methods is the
Egger method. This method uses a linear regression approach
to measure funnel plot asymmetry on the natural logarithm
scale of the OR (50).

In this systematic review, we formally investigated the
presence of publication bias using a series of publication
bias regression and sensitivity plots (e.g., the Egger regres-
sion method and the trim and fill method). For the ongoing
pregnancy rate, publication bias was found to be unlikely
(Egger score ¼ 0.24; 95% CI ¼ �2.19–2.67, P¼.83). Even
so, using the trim and fill method to determine bias sensitivity
revealed that one study (empty circle in Fig. 1B) may be
imputed to bring symmetry to the funnel plot. The result-
ing meta-analysis outcome would still be significant: OR ¼
1.50 (95% CI ¼ 1.36–1.65).

For the clinical pregnancy rate, publication bias was found
to be unlikely (Egger score ¼ 0.21; 95% CI ¼ �1.12–1.54,
P¼.74). In addition, using the trim and fill method to deter-
mine bias sensitivity revealed that no studies need to be im-
puted to bring symmetry to the funnel plot. Therefore the
resulting meta-analysis remains significant: OR ¼ 1.50
(95% CI ¼ 1.38–1.62).
Vol. 88, No. 2, August 2007



TABLE 2
Review table of the primary outcome measures of the included studies, comparing ultrasound-guided
ET with clinical touch ET.

Outcome measure Comparison
No of

studies
No. of
cycles Effect size*

Live-birth rate All trials 2 615 1.78 (1.19 to 2.67)
Properly randomized trials only 2 615 1.78 (1.19 to 2.67)
Fresh, nondonor cycles only 2 615 1.78 (1.19 to 2.67)
Oocyte donation cycles only 0 0 Not estimable
Frozen embryo replacement cycles only 0 0 Not estimable

Ongoing pregnancy rate All trials 10 3,967 1.51 (1.31 to 1.74)
Properly randomized trials only 7 2,531 1.49 (1.25 to 1.78)
Fresh, nondonor cycles only 8 3,050 1.55 (1.33 to 1.82)
Oocyte donation cycles only 1 374 1.27 (0.84 to 1.90)
Frozen embryo replacement cycles only 2 984 1.42 (1.04 to 1.93)

Clinical pregnancy rate All trials 20 5,968 1.50 (1.34 to 1.67)
Properly randomized trials only 8 2,731 1.46 (1.23 to 1.72)
Fresh, nondonor cycles only 17 4,949 1.54 (1.36 to 1.74)
Oocyte donation cycles only 1 374 1.22 (0.81 to 1.84)
Frozen embryo replacement cycles only 3 1,225 1.25 (0.97 to 1.62)

Implantation rate All trials 10 11,503 1.35 (1.22 to 1.50)
Properly randomized trials only 5 5,270 1.47 (1.25 to 1.72)
Fresh, nondonor cycles only 8 9,603 1.35 (1.21 to 1.51)
Oocyte donation cycles only 0 0 Not estimable
Frozen embryo replacement cycles only 2 2,197 1.42 (1.11 to 1.81)

Secondary outcomes Multiple pregnancy rate 7 1,148 0.96 (0.72 to 1.27)
Ectopic pregnancy rate 8 3,878 0.66 (0.30 to 1.45)
Miscarriage rate 8 1,145 0.87 (0.61 to 1.26)
Ease of transfer

Difficult embryo transfer 11 4,724 0.68 (0.58 to 0.81)
Failure using the assigned catheter 6 3,324 0.20 (0.09 to 0.45)

Instrumental assistance during transfer
All aspects 8 3,982 0.61 (0.50 to 0.74)
Use of tenaculum 8 3,982 0.50 (0.39 to 0.64)
Using stylette 5 2,768 0.94 (0.70 to 1.26)
Using sounding 4 2,484 0.07 (0.02 to 0.32)
Using dilatation 6 3,058 0.36 (0.10 to 1.24)

Catheter tip
Blood 6 2,613 0.53 (0.40 to 0.70)
Mucus 2 900 0.33 (0.01 to 8.21)
Retained embryos 7 3,002 0.41 (0.16 to 1.01)

* Statistically significant.

Abou-Setta. Ultrasound-guided ET. Fertil Steril 2007.
The possibility of publication bias opens up the door for
questioning the results of any meta-analysis; therefore, fur-
ther inspection and interpretation are needed to formulate
definite conclusions. With regard to the 20 included trials,
there was a general trend toward better results with ultra-
sound guidance, with only a limited number of studies dem-
onstrating equivocal or better results with the clinical touch
method. In addition, there was no statistical heterogeneity
shown by either the scatter plot or the c2/ I2 tests, with regard
to the primary outcomes. It may be assumed that studies with
Fertility and Sterility�
equivocal results demonstrate that some clinicians have an
excellent clinical sense, therefore nullifying any extra advan-
tage provided by sonographic visualization.

Another important issue is the sample size of clinical trials
and systematic reviews. It is theorized that some of the
smaller trials did not have sufficient sample sizes to detect
minor differences between the study groups. The largest
included study (N ¼ 800) had enough power to detect an
8% difference in clinical pregnancy rates (16). Our current
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meta-analysis included 5,968 ET cycles and could detect an
absolute difference of 3.3% with 80% power in a two-tailed
analysis (assuming a clinical pregnancy rate of 30% with clin-
ical touch alone and a significance level of .05). The absolute
difference between ultrasound-guided and clinical touch
ET was 7.7%, therefore validating our results. The number
needed to treat to obtain one additional clinical pregnancy
with use of ultrasound guidance is 13 (95% CI ¼ 10–19).

The exact mechanism whereby ultrasound-guided ET im-
proves pregnancy rates and embryo implantation remains
unclear. Several theories have been proposed to identify the
mechanisms whereby the transfer technique is optimized.
These include confirming the position of the tip of the ET
catheter within the uterine cavity, the site of embryo deposi-
tion, increasing the frequency of ‘‘easy’’ ETs, and avoiding
endometrial indentation (36).

Nevertheless, some clinicians argue that the real benefit of
ultrasound guidance lies in the ability to increase the clinical
appreciation of the pelvic anatomy during transfer. They infer
that ultrasound guidance, compared with the standard clinical
touch alone, will not significantly increase the pregnancy
rates when ET is performed by experienced professionals.
Even so, this simple modification will allow for standardiza-
tion of the transfer technique and therefore decrease any
unexpected variation in pregnancy rates among different
clinicians in the same center.

Whatever the underlying mechanism, the overall con-
clusion from this meticulous systematic review is that
ultrasound-guided ET with use of 2-D–transabdominal ultra-
sound is significantly more effective than ET by clinical
touch alone. It is believed that our overall analysis, and sub-
group analyses, represents both a robust evaluation of the
available evidence in the medical literature and also the
best available evidence-based conclusions to support ultra-
sound guidance during ET.

The results of this systematic review demonstrate that
ultrasound guidance during ET placement is a beneficial tool
in optimizing the outcome of the ET procedure. This is in
line with results of previously published clinical trials, sys-
tematic reviews (35, 36), and published guidelines (53). In
addition, we have demonstrated that the beneficial effect is
not limited only to patients with fresh but also those with fro-
zen embryo replacement. It is also hoped that this evidence
will be easily and quickly translated from the medical litera-
ture to everyday clinical practice.

Last, it is also important to note that until today, no study
has reported any direct adverse effects of ultrasound-guided
ET. Even so, one may argue that the main disadvantages of
ultrasound-guided ETs are the need for more time, space,
equipment, and trained ultrasound personnel. In addition,
possible psychological stress may be caused in some patients
who are forced to micturate after the transfer procedure,
therefore disrupting the period of absolute bed rest. This issue
can be managed easily through proper counseling before the
340 Abou-Setta et al. Ultrasound-guided ET
procedure on the amount of time needed for bed rest after ET,
which is currently recommended as 20 minutes (53).

Also an additional cost to the transfer cycle may be associ-
ated with the preferred usage of echogenic catheters by some
clinicians. The manufacturers of ET catheters have began to
market new echogenic versions of their standard catheters,
which are sold for a 25% to 40% higher price tag than the
original product, adding additional costs to the treatment cy-
cle. Even so, it is of the utmost importance to note that even
though echogenic catheters promise to be cost-effective by
providing clinicians with more ultrasonographic visibility,
easier transfers, and higher pregnancy rates than their com-
petitor nonechogenic catheters, these points have not been
proved in the literature, apart from more visibility. The preg-
nancy rates have been equivocal with the echogenic catheters.
Therefore echogenicity currently should be left up to individ-
ual clinical preference and not standardized. Finally, it would
be helpful for clinicians to perform in-house cost-effective
analyses to determine the best combination of needed equip-
ment, personnel, and catheter choice to provide the most
efficient and cost-effective treatment options for patients.

In conclusion, according to the best available evidence in
the medical literature today, the use of transabdominal ultra-
sound guidance to guide catheter placement during ET both is
beneficial and should become the standard of care for all
patients.
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Improvements achieved in an oocyte donation
program over a 10-year period: sequential increase in
implantation and pregnancy rates and decrease in
high-order multiple pregnancies
Erdal Budak, M.D., Nicolas Garrido, Ph.D., Sergio Reis Soares, M.D.,
Marco Antonio Barreto Melo, M.D., Marcos Meseguer, Ph.D., Antonio Pellicer, M.D., and
José Remohí, M.D.

Instituto Valenciano de Infertilidad, University of Valencia, Valencia, Spain

Objective: To compare outcome parameters and cumulative pregnancy rates (PRs) in oocyte donation cycles over
a period of 10 years.
Design: Retrospective study.
Setting: University-affiliated assisted reproductive technology program.
Patient(s): Women undergoing oocyte donation (10,537 cycles) between 1995 and 2005.
Intervention(s): Ovarian stimulation and oocyte retrieval in donors. Embryo transfer performed in recipients after
endometrial preparation.
Main Outcome Measure(s): Outcome parameters and cumulative PRs were calculated and compared in relation
to indication, age, and origin of sperm used.
Result(s): Overall PR, implantation rate, clinical PR, and miscarriage rate per embryo transfer performed were
54.9%, 27%, 50.3%, and 19%, respectively. Ongoing PR per transfer was 40.2%, and twin and high-order
multiple PRs were 39% and 6%, respectively. Mean number of embryos transferred was reduced from 3.6 � 0.8
to 1.9 � 0.3, implantation rate improved from 16.7% to 38.3%, and ongoing PR improved from 31% to 44.3%.
Cumulative PRs did not differ significantly among different indications for oocyte donation, age groups, or origin
of sperm used for oocyte insemination. Overall cumulative PRs after three and five cycles were calculated as 87%
and 96.8%, respectively.
Conclusion(s): Significant improvements in outcome parameters were achieved within 10 years. Similar cumu-
lative PRs were observed regardless of recipient age, indication for oocyte donation, or sperm origin. (Fertil
Steril� 2007;88:342–9. ©2007 by American Society for Reproductive Medicine.)

Key Words: Oocyte donation, implantation rate, pregnancy rate, cumulative pregnancy rate, indications
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owadays more and more women are delaying their desire
o achieve pregnancy to later years of their reproductive life,
nd the mean age of maternity is increasing in many devel-
ped countries (1). Advanced age and reduced ovarian re-
erve are the major reasons for difficulty to conceive in an
ncreasing number of women. Presently, IVF using donor
ocytes is an increasingly used infertility treatment option
or women with irreversible ovarian function loss or primary
varian failure (2–5).

In countries where oocyte donation is performed, it is now
pparent that PRs and implantation rates in oocyte donation
ycles are higher than in standard IVF/intracytoplasmic
perm injection (ICSI) cycles (4–6). In 2004, Assisted Re-
roductive Technology Registry published results from
9,989 cycles of assisted reproductive technology (ART)
reatment (6). In fresh nondonor IVF (73,406 cycles), a
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elivery rate per retrieval of 29.9% was reported, whereas in
resh donor oocyte IVF (7,581 cycles), a delivery rate per
ransfer of 43.7% was achieved. The major reason for higher
uccess rates in oocyte donation cycles is recruitment of
elected young women as donors, significantly reducing
roblems related to poor oocyte quality as compared with a
ore heterogeneous group of women undergoing standard

VF/ICSI cycles. The Spanish Reproductive Law permits
omen between 18 and 35 years of age to be oocyte donors

n an anonymous manner.

Our aim was to analyze the evolution of the effectiveness
f our oocyte donation program in the past 10 years. For this
urpose, we studied cumulative PRs rates per cycle, implan-
ation, clinical and ongoing PRs, together with mean number
f embryos transferred and multiple PRs.

ATERIALS AND METHODS
ata from oocyte donation cycles were searched in a com-
uter database between September 1, 1995, and September
0, 2005. A total of 11,515 cycles were initiated during this

eriod; however, 2,107 cycles (18.2%) were cancelled be-

0015-0282/07/$32.00
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ore oocyte retrieval and donation. The high number of
ancellation in cycles initiated was due to various factors,
ncluding inadequate endometrial thickness, endometrial
leeding during hormonal preparation, donor cancellation
for reasons including poor administration of medication,
ow response to gonadotropins, �30% drop in E2 level
uring stimulation, high risk for ovarian hyperstimulation
yndrome), and other reasons such as the patient’s own
esire to postpone the treatment or cancel the cycle for
ersonal reasons such as unavailability to be present at the
enter at the time of the donation.

Oocyte donation was performed in 9,408 cycles. A total of
,430 embryo transfer procedures were performed. Unfortu-
ately, cycle outcome parameters up to 12–14 weeks of
regnancy were unavailable or incomplete in 978 cycles
11.6%) after the transfer procedure. After excluding these
78 cycles, the remaining 10,537 initiated cycles were taken
nto consideration for further evaluation. From the 10,537
ycles initiated, a total of 8,430 donations and 7,186 embryo
ransfer procedures were performed and included in the
tudy. After donation, embryo transfer could not be per-
ormed in 1,244 (14.7%) cycles because of fertilization fail-
re, poor embryo quality, or unavailability of euploid em-
ryos for transfer.

To evaluate trends in cycle parameters, we divided years
etween 1995 and 2005 into four consecutive periods as
ollows: September 1995–December 1997 (group 1), Janu-
ry 1998–December 2000 (group 2), January 2001–Decem-
er 2003 (group 3), and January 2004–September 2005
group 4).

onors
he Spanish Law for Assisted Conception requires anonym-

ty for oocyte donation. The donors receive minimal eco-
omic compensation for all requirements and annoyances
ndured. However, it is unthinkable that these compensa-
ions can be considered as a salary or payment. By law, a
onor’s age is limited to between 18 and 35 years. All donors
ign a consent form after adequate information is given to
hem regarding IVF treatment, complications, and legal as-
ects of oocyte donation. Inclusion in the oocyte donor pool
s based on the patient’s history, clinical evaluation, and
aboratory tests. All donors undergo testing for HIV, cyto-
egalovirus, and hepatitis B and C (7). Recently, we have

tarted to screen donors for chromosomal abnormalities, and
omen with abnormal karyotypes have been excluded.
omen with important health problems or personal or fa-
ilial history of hereditary diseases are not recruited as

onors. The protocol for ovarian stimulation, oocyte re-
rieval, and gamete handling in the IVF laboratory has been
escribed elsewhere (8). Physical characteristics and blood
roups of donors and recipients are taken into consideration

hen matching is performed. s

ertility and Sterility�
ecipients
ritten consents were obtained from all patients and their

artners before initiating a cycle. Indications for oocyte
onation were advanced age (�40 years), low response
uring IVF (�40 years, fewer than five oocytes retrieved),
remature ovarian failure (POF), recurrent IVF failure, en-
ometriosis, poor oocyte quality (�40 years of age, more
han five oocytes retrieved), natural menopause (at age �40
ears), genetic (Turner’s syndrome, etc.), unexplained recur-
ent miscarriage, surgical menopause (�40 years), and
ixed causes (presence of more than one indication) (Fig.

). To evaluate the effect of age on uterine receptivity and
umulative PRs, recipients were divided into five different
ge groups: �30 years (n � 385 cycles), 31–35 years (n �
,501 cycles), 36–40 years (n � 2,360 cycles), 41–45 years
n � 2,243 cycles), and �46 years (n � 697 cycles).

The protocol of endometrial preparation for recipients
as been described previously (3, 4, 9, 10). In brief,
atients with ovarian function were desensitized with a
ingle IM administration of triptorelin 3.75 mg depot
Decapeptyl 3.75 mg; Ipsen-Pharma, Barcelona, Spain)
dministered between days 18 and 21 of the previous
ycle. Estrogen replacement was started on day 3–5 of the
ext menstruation after confirming ovarian quiescence
nd a thin endometrium with transvaginal ultrasound ex-
mination. Oral E2 valerate administration of 2 mg per
ay (Progynova; Schering, Madrid, Spain) was initially
iven for 8 days, increased to 4 mg per day for the
ollowing 3 days, and then maintained at 6 mg per day
ntil the pregnancy test.

After 2 weeks of E2 valerate administration, recipients
ere ready to receive embryos, and they waited until a

uitable donation became available, taking into account
hysical characteristics and blood types. The recipients
ere started with P in oil 100 mg per day IM or vaginal
800 mg per day (Progeffik; Laboratorios Effik, Madrid,

pain, or Utrogestan; Laboratorio Seid, Barcelona, Spain)
n oocyte retrieval day of the donor (day 0) or the fol-
owing day on confirmation of fertilization (day 1). In
ase of vaginal spotting or bleeding in the recipient during

2 valerate administration, the cycle was cancelled.

Embryo transfers were performed under ultrasound
uidance at cleavage stage (day 2 or 3) or blastocyst stage
day 5 or 6). The regimen of 6 mg per day E2 valerate and

4 was maintained until day 16 after egg retrieval, after
hich a serum �-hCG analysis was performed. If preg-
ancy was achieved, E2 valerate and P4 were maintained
ith the same dose until 11 weeks of pregnancy, then

educed to half dose, and suspended at 12 weeks.

ata Collection and Statistical Analyses
ach embryo transfer or pregnancy (whether first or sub-
equent cycles in the same patient) was regarded as a

ingle event in the analysis of cycle outcome parameters.

343



C
r
t
c
S
i
a
o
f
s
o
o
i
t
l

t
a
r
P
c
l
C
w
S
s
S

R
O
t
c
c
a
T

o
m
t
f
w
t
t
d
F
m
2
r
w
t

1
0

l Steri
ycle outcome parameters including PR, implantation
ate, clinical and ongoing PR, miscarriage rate, and ec-
opic PR, as well as twin and high-order PRs, were cal-
ulated for every 2- to 3-year consecutive period between
eptember 1995 and September 2005 to detect any trend

n decrease or increase in these parameters. The data were
lso analyzed for cumulative PRs according to age group
f the recipient at the time of embryo transfer, indication
or entering the oocyte donation program, and origin of
emen used for insemination of donated oocytes. Because
f the large number of patients coming to our center from
ther countries and absence of information from a signif-
cant portion of these patients regarding second and third
rimester and delivery, we could not accurately analyze
ive birth rates in this series of women.

We used �2 and analysis of variance when appropriate
o compare pregnancy, implantation, miscarriage, twin
nd high-order multiple PRs, and the number of embryos
eplaced between groups of different periods. Cumulative
Rs are expressed as cumulative percent probabilities of
onception. Cumulative pregnancy was analyzed by the
ife-table approach (Kaplan-Meier estimates) (4, 11).
omparison among different life tables was performed
ith use of the log-rank, Breslow, and Tarone-Ware tests.
ignificance was defined as P�.05. The statistical analy-
is was carried out with the Statistical Package for Social

FIGURE 1

Indications for oocyte donation (cycles with embryo t
� recurrent IVF failure, RM � recurrent miscarriage.

Poor oocyte quality
319 cycles (4%)

Menopause
226 cycles (3%)

Endometriosis
414 cycles (6%)

POF
1088 cycles (15%)

Combined
631 cycles (9%)

RIF
463 cycles (6%)

151
Genetic

201 cycles (3%)

Budak. Evolution of a large oocyte donation program over a 10-year period. Ferti
ciences (SPSS Inc., Chicago, IL). c

344 Budak et al. Evolution of a large oocyte donation progr
ESULTS
ocyte donation was performed in 8,430 cycles and embryo

ransfer procedure in 7,186 cycles from the total of 10,537
ycles initiated. Cycle outcome parameters calculated ac-
ording to number of cycles initiated, number of donations,
nd embryo transfer procedures performed are shown in
able 1.

In this study, we aimed to study the evolution of our
ocyte donation program over a 10-year period and further-
ore the effect of recipient age, indication for oocyte dona-

ion, and severity of male factor on cumulative PRs. There-
ore, the remaining outcome parameters and cumulative PRs
ere analyzed including only cycles in which an embryo

ransfer procedure was performed. A total of 7,186 embryo
ransfer procedures were performed in 4,794 recipients. In-
ications for oocyte donation in these cycles are shown in
igure 1. Mean age of recipients, mean age of donors, and
ean number of oocytes donated were 39.0 � 5.1 years,

5.9 � 4.2 years, and 9.2 � 2.9, respectively. Mean age of
ecipients and donors and mean number of oocytes donated
ere comparable for each consecutive period studied be-

ween 1995 and 2005.

Between September 1995 and September 2005, a total of
9,557 embryos were replaced with a mean number of 2.7 �
.9 embryos replaced per transfer. When analyzed in four

fer � 7,186). POF � premature ovarian failure, RIF

Advanced Age (>40) 
1914 cycles (27%)

Low res ponder  
1730 cycles (24%)

Surgical Menopause
49 cycles (1%)

s (2%)

l 2007.
rans

RM
cycle
onsecutive periods as September 1995–December 1997

am over a 10-year period Vol. 88, No. 2, August 2007
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group 1), January 1998–December 2000 (group 2), January
001–December 2003 (group 3), and January 2004–Septem-
er 2005 (group 4), the mean number of embryos transferred
as 3.6 � 0.8, 3.3 � 0.7, 2.4 � 0.6, and 1.9 � 0.3,

espectively (Fig. 2). A progressive decrease was observed
ith each successive period, resulting in a significantly

ewer number of embryos replaced in each period when
ompared with the previous period (P�.001). The mean
umber of embryos replaced and cycle outcome parameters
ccording to the stage at which embryos were transferred are
hown in Table 2.

Pregnancy test was positive in 3,942 cycles (54.9%). In
onsecutive periods, PR increased steadily: 40.6% (group 1),
8.5% (group 2), 60.1% (group 3), and 60.8% (group 4)
Fig. 3). Similarly, clinical PR also increased accordingly:

TABLE 1
Cycle outcome parameters calculated according
embryo transfer procedures performed

Per cycle initiated
(n � 10,537)

IR CPR OPR

9/1995–12/1997 16.7 27.8 21.1
1/1998–12/2000 21.3 31.3 23.4
1/2001–12/2003 31.5 36.7 30.1
1/2004–9/2005 38.3 37.1 30.7
Note: IR � Implantation rate, CPR � clinical pregnancy r

Budak. Evolution of a large oocyte donation program over a 10-year period. Fer

FIGURE 2

Trends in number of embryos replaced in oocyte don
fewer number of embryos were replaced with each s
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 1995-1997   
3.6 ± 0.8

 1998-2000     
3.3 ± 0.7

   20
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N= 1037 

N= 1640

N

Budak. Evolution of a large oocyte donation program over a 10-year period. Fertil Steri

ertility and Sterility�
3.5% (group 1), 46.3% (group 2), 54.1% (group 3), and
3.4% (group 4). This increase in PR and clinical PR was
tatistically significant between group 1 and group 2 (P�.05)
nd between group 2 and group 3 (P�.05) but was similar
etween group 3 and group 4 (P�.05).

From the total of 19,557 embryos replaced, 5,287 im-
lanted (implantation rate � 27.0%), resulting in 3,616
50.3%) clinical pregnancies. Implantation rate in four con-
ecutive periods was 16.7%, 21.3%, 31.5%, and 38.3%,
espectively (Fig. 3). A progressive increase in implantation
ate was achieved with each successive period. This increase
n implantation rate was statistically significant in group 3
nd group 4 when compared with the previous period(s)
P�.001).

cycles initiated, number of donations, and

Per donation
(n � 8,430)

Per transfer
(n � 7,186 cycles)

CPR OPR IR CPR OPR

35.2 26.8 16.7 40.6 31
38.9 29.1 21.3 46.3 34.8
45.7 37.5 31.5 54.1 44.5
46.4 38.3 38.3 53.4 43.3

OPR � ongoing pregnancy rate.

ril 2007.

n cycles between 1995 and 2005. Significantly
ssive period. ET � embryo transfer.

003   
.6

 2004-2005   
1.9 ± 0.8 

Years
Mean no. of ET

1 embryo

2 embryos

3 embryos

4 embryos

5 embryos

8

N= 2011
to

IR

16.7
21.3
31.5
38.3

ate,
atio
ucce

01-2
.4 ± 0

= 249
l 2007.
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Of all the clinical pregnancies observed, 688 (19%), 42
1.2%), 1,410 (39%), and 216 (6%) resulted in miscarriages,
ctopic pregnancies, twins and high-order (three or more)
ultiple pregnancies, respectively (Fig. 3). No statistically

ignificant difference was detected in miscarriage, ectopic
regnancy, and twin PRs during the four periods studied.
owever, in association with the decreased number of em-
ryos transferred (in group 3 and 4), a significant reduction
n multiple PRs was observed in group 3 and 4. High-order
ultiple PRs in the four consecutive periods were 12.6%

53), 10.7% (81), 5.6% (76), and 0.6% (6) (Fig. 3). Ongoing
Rs at the end of the first trimester were 31% (group 1),
4.8% (group 2), 44.5% (group 3), and 44.3% (group 4)
Fig. 3). The increase in ongoing PR was not significant
etween group 1 and group 2 (P�.05) but significant be-
ween group 2 and group 3 (P�.001) and similar between
roup 3 and group 4 (Fig. 3).

Overall PR after the first cycle was 48.4%. Cumulative PRs
fter three and five cycles were 87% and 96.8%, respectively
Fig. 4). There was no statistical difference among cumulative
regnancy life tables calculated for different age groups
P�.05). Women in the age group �30 years showed the
ighest cumulative PR with the lowest number of attempts.

To evaluate the effect of different indications for seeking
ocyte donation on cumulative PRs, recipients were divided
nto groups that were identified as the principal indication for

TABLE 2
Mean number of embryos replaced and cycle ou
on day 2 to 3 versus the blastocyst stage (day 5

Stage of embryos
transferred

Mean No. of
embryos transferreda

D2-3 D5-6

9/1995–12/1997 n � 956, n � 81,
3.7 � 0.8 2.9 � 1.0

3.6 � 0.8
1/1998–12/2000 n � 1300, n � 340,

3.5 � 0.6 2.8 � 0.8
3.3 � 0.7

1/2001–12/2003 n � 1857, n � 641,
2.5 � 0.6 2.1 � 0.6

2.4 � 0.6
1/2004–9/2005 n � 1480, n � 531,

2.0 � 0.2 1.8 � 0.4
1.9 � 0.3

Overall results,
N � 7,186

2.7 � 0.9

Note: IR � implantation rate, CPR � clinical pregnancy ra
a Values are expressed as mean � SD.

Budak. Evolution of a large oocyte donation program over a 10-year period. Fer
gg donation (Figs. 1 and 5). No statistical difference was

346 Budak et al. Evolution of a large oocyte donation progr
etected among cumulative pregnancy life tables calculated
or each indication (P�.05) (Fig. 5). We also analyzed the
ata to assess whether the origin and quality of semen used
n the oocyte donation program had any effect on cumulative
Rs. Cumulative PRs did not differ significantly among
jaculated sperm or testicular sperm or with the use of semen

FIGURE 3

Trends in different cycle outcome parameters in
oocyte donation cycles between 1995 and 2005.

0

10

20

30

40

50

60

70

1995-1997 1998-2000 2001-2003 2004-2005
Years

%

Pregnancy %

Clinical PR

Ongoing PR

Implantation %

Miscarriage %

High order pregnancy %

Budak. Evolution of a large oocyte donation program over a 10-year period.

e parameters comparing transfers performed
)

IR (%) CPR (%) OPR (%)

3 D5-6 D2-3 D5-6 D2-3 D5-6

8 16.4 41.5 32.1 32.0 20.9

8 28.3 44.4 54.1 34.1 37.9

0 44.0 50.5 64.2 42.7 54.7

8 49.9 50.5 63.4 45.9 58.7
27 50.3 40.2

PR � ongoing pregnancy rate.

ril 2007.
tcom
to 6

D2-

16.

19.

28.

34.

te, O
Fertil Steril 2007.
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rom the sperm bank (P�.05) (Fig. 6). However, a trend
oward lower cumulative PR was observed in women whose
ale partners had severe male-factor infertility.

ISCUSSION
he first oocyte donation cycle was performed in 1983, and
year later the first delivery of a healthy baby was reported

f a women with POF (12, 13). In our institution, we have
een performing egg donation for 15 years and presently
ave one of the largest oocyte donation programs in Europe.

FIGURE 4

Cumulative PRs rates in relation to different age
groups: similar cumulative PR curves were
observed for different age groups (P�.05).
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FIGURE 5

Cumulative PRs in relation to indication for oocyte
donation.
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ertility and Sterility�
ur initial 5-year experience with oocyte donation and cu-
ulative pregnancy and live birth rates was published by
emohi et al. presenting data from 627 embryo transfers
erformed between January 1991 and August 1995 (4). In
he present study, we are presenting our experience and
esults from 7,186 cycles of oocyte donation between Sep-
ember 1, 1995, and September 30, 2005.

Advanced age, low response to previous ovarian stimula-
ion, and POF are major indications for women entering our
ocyte donation program (Fig. 1). Other indications in
omen are recurrent IVF failure or poor oocyte and embryo
uality with or without advanced age. We are also observing
n increasing demand for oocyte donation from women who
ave previously delivered in the past and desire to have
nother child from a new partner after 40 years of age.
lthough less frequent, young women with previous bilat-

ral oophorectomy, primary ovarian failure with or without a
enetic cause (Turner’s syndrome, etc.), or unexplained re-
urrent miscarriage have also submitted to oocyte donation,
lthough in the latter group, preimplantation genetic diagno-
is may be valuable in some cases (14, 15). After the intro-
uction of preimplantation genetic diagnosis, unavailability
f normal euploid embryos for transfer in women with
dvanced age, recurrent miscarriage, and recurrent IVF fail-
re has also contributed to the decision of couples to have
ocyte donation.

In the past decade, progress in ART techniques and meth-
ds, including introduction of new media for embryo culture,
ew incubator systems, improved laboratory conditions, and
ew criteria for embryo selection before transfer with high-
st implantation potential, and improved embryo transfer

FIGURE 6

Cumulative PRs in relation to sperm origin. MF �
male factor.
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echnique using soft catheters and ultrasound guidance, has
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mproved ART success rates. Moreover, increasing clinical
xperience and awareness of complications related to preg-
ancy at advanced age and multiple pregnancies have
hanged some aspects of our management and treatment of
omen requiring oocyte donation. In an effort to reduce
aternal and neonatal complications, trends in embryo trans-

er practice have evolved over the years, and IVF centers
ave reduced the number of embryos replaced (16–21).

Evolution in different cycle outcome parameters in our
ocyte donation program between 1995 and 2005 are shown
n Figure 3. It is clearly demonstrated that an improvement in
ycle outcome parameters has been achieved including im-
lantation rate, PR, and clinical and ongoing PRs, with
eduction in pregnancy complications such as miscarriage
nd high-order multiple (three or more) PRs. Implantation
ate improved from 16.7% to 38.3%, and ongoing PR im-
roved from 31% to 44.3% in the same time period despite
twofold increase in cycle numbers and laboratory load. A

umulative PR of 87% was obtained after three attempts,
eaching 96.7% after five attempts. Analyzing cumulative
Rs demonstrates that in oocyte donation cycles, monthly
ecundity rates do not differ with consecutive attempts (rang-
ng between 48.9% and 50.3%) at least in the first five
ttempts (Fig. 4). In comparison, Silberstein et al. have re-
ently reported in 1,788 fresh, nondonor, non-prostaglandin

IVF cycles that clinical PR and implantation rate were
ighest in the first cycle, showing a significant decline in
econd cycle and reaching a plateau at three to five cycles
22).

In our institution, we have progressively reduced the num-
er of embryos transferred, which is demonstrated by a
ignificantly lower mean number of embryos replaced in
ach period when compared with the previous period (Fig.
). In recent years we have limited the number of embryos to
e transferred to two and recommend elective transfer of a
ingle embryo to women who are especially at increased risk
or preterm delivery (uterine anomaly) or who are of ad-
anced age. In years 2004 and 2005, 88.7% of the transfers
onsisted of two-embryo transfers, 8% were single-embryo
ransfers, and 3.3% were three-embryo transfers at request of
he patient and against our recommendations (Fig. 2). Re-
ucing the number of embryos replaced did not have any
egative impact on monthly fecundity rates. Most important,
imiting the number of embryos replaced has resulted in a
ignificant decrease in the incidence of high-order multiple
estations although twin rates remained unchanged (Fig. 3).
thers have also shown that transfer of two selected em-
ryos yields a favorable pregnancy outcome while signifi-
antly decreasing the occurrence of multiple pregnancies
23).

Conflicting results have been published regarding the im-
act of advancing age on uterine receptiveness in oocyte
onation cycles. Although some studies have not detected
ny difference, others have shown impaired uterine recep-

iveness in women over 40 years of age (4, 24–27). In this

348 Budak et al. Evolution of a large oocyte donation progr
arge group of unselected patients, we did not detect statis-
ically significant difference in pregnancy and cumulative
Rs in menopausal or advanced-age women (�40 years)
ompared with younger recipients with or without ovarian
unction. However, in a recently published study from our
enter including 3,089 oocyte donation cycles without severe
ale factor infertility, differences in pregnancy and miscar-

iage rates were found to be statistically significant when the
atients were grouped into �45 years and �45 years. Lower
Rs and higher miscarriage rates were detected in recipients
ver 45 years of age compared with younger recipients (9).

Oocyte donation provides similar success rates when ap-
lied to women with a variety of reproductive disorders,
ncluding previously failed IVF attempts (recurrent IVF fail-
re three or more previous IVF attempts) and recurrent
iscarriage cases. It is interesting to note that PR, implan-

ation rate, and cumulative PR in this group of patients were
imilar to rates seen in other indications, supporting the
oncept that oocyte quality and embryo quality are the main
eterminants of IVF success (28, 29). In accordance with our
revious study (30), recipients with endometriosis, who en-
er the oocyte donation program because of low response to
onadotropins or repeated IVF failure, also had similar cycle
utcome parameters, again questioning the concept that the
terine environment of women with endometriosis may af-
ect the implantation process.

In our study, male partners were divided into the follow-
ng groups: absence of severe male factor, severe oligoas-
henoteratozoospermia, azoospermia (spermatozoa retrieved
rom testicular biopsy), and donor sperm. All sperm donors
ere normozoospermic fertile tested men. Oocyte donation
as demonstrated to be successful regardless of the severity
f male factor infertility. Interestingly, we did not detect a
tatistically significant difference in PR and cumulative PRs
egardless of use of ejaculated sperm, testicular sperm, or
emen from the bank. However, a trend toward lower cu-
ulative PRs was observed in women whose male partners

ad severe oligoasthenoteratozoospermia or azoospermia.

In conclusion, this study demonstrates that IVF using
ocyte donation is highly successful and cumulative PRs do
ot decline with consecutive attempts. This method of infer-
ility treatment is independent of the cause of infertility and
everity of male factor infertility. Similar PRs were obtained
n different age groups. In our center, cycle outcome param-
ters have improved significantly between 1995 and 2005,
nd limiting the number of embryos replaced has resulted in
significant decrease in high-order multiple pregnancies.

cknowledgments: The authors express public recognition to all the mem-
ers of our staff at Instituto Valenciano de Infertilidad Valencia.
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Comparison of FSH flare with and without
pretreatment with oral contraceptive pills in poor
responders undergoing in vitro fertilization
Martin D. Keltz, M.D., Puja S. Gera, M.D., Josh Skorupski, M.D., and Daniel E Stein, M.D.

Division of Reproductive Endocrinology and Infertility, Department of Obstetrics and Gynecology, St. Luke’s Roosevelt
Hospital Center, Columbia University College of Physicians and Surgeons, New York, New York

Objective: To compare FSH, LH, estrogen, and P flare response following 1 mg lupron injection in poor
responders with or without pretreatment with oral contraceptive pills (OCPs).
Design: Prospective study.
Setting: University hospital.
Patient(s): Poor responders undergoing IVF flare protocol from October 2002 to November 2003.
Intervention(s): Patients were divided into group A, who received OCPs before IVF cycle (n � 12), and group
B, who did not (n � 7). One milligram Lupron was injected SC after measuring day 2 serum FSH, LH, estrogen,
and P. After 24 hours, serum hormones were measured before lupron administration.
Main outcome measure(s): Serum FSH, LH, estrogen, and P before and after 1 mg lupron
Result(s): Basal FSH was similar in both groups (8.6 � 4.5 vs. 9.6 � 2.9 mIU/mL). Group A patients had
significantly lower day 2 FSH (3.6 � 3.6 vs. 10.1 � 4.2 mIU/mL; P�.05). After lupron, although both groups
had a significant rise in FSH and LH, mean LH rise in group B was 39.5 � 31 mIU/mL versus 11.3 � 4.6
mIU/mL in group A (P�.05).
Conclusion(s): Pretreatment with OCPs in GnRH agonist flare protocol suppresses pre-Lupron FSH but does not
blunt FSH flare. It blunts LH flare, which may be beneficial. (Fertil Steril� 2007;88:350–3. ©2007 by American
Society for Reproductive Medicine.)

Key Words: Oral contraceptive pills, flare protocol, poor responders
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mproving pregnancy rates in poor responders undergoing
VF is a significant challenge, and success is dependent on
he patients’ response to controlled ovarian hyperstimulation
rotocols. Agonists of GnRH (GnRHa) have been used in
ssisted reproduction since the late 1980s to prevent endog-
nous LH surge and premature luteinization. A significant
ncrease in the number of oocytes, embryos, and pregnancy
ates resulted from the use of GnRHa in good responders (1).

However, in poor responders, adverse effects were seen
n the follicle recruitment, oocyte maturation, and embryo
evelopment owing to pituitary suppression with GnRHa in
long protocol (2, 3).

Early follicular phase leuprolide acetate (LA) was introduced
n poor responders to achieve a “flare” in the endogenous
ituitary release of FSH and LH. Flare protocols increased the
umber of recruited follicles and shortened the follicular phase
ompared with the “long” GnRHa protocols (4, 5). Although an
cute rise in serum FSH and LH has been documented after
arly follicular phase administration of GnRHa when preceded

eceived May 15, 2006; revised and accepted November 21, 2006.
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y a natural cycle (5), an FSH/LH flare response to GnRHa
fter the administration of oral contraceptive pills (OCPs) has
ot been found in the literature.

Oral contraceptive pills are frequently used before IVF
ycles, including LA flare protocols, to synchronize follicu-
ar development and to prevent spontaneous LH surge (6).
hey may also be beneficial in poor responders by eliminat-

ng the existing corpus luteum and restoring sensitivity in the
varian follicles to exogenous FSH (7).

However, OCPs may result in hypothalamic and gonado-
ropin suppression for variable duration after their cessation
8, 9). This suppression may blunt any flare response to
nRHa in the early follicular phase following OCPs. The
resent study was designed to compare the pituitary gonad-
tropin (FSH, LH) and ovarian steroid (estrogen, P) flare
esponse observed after administration of 1 mg LA SC in
oor responders undergoing IVF with or without prior hy-
othalamic pituitary suppression with OCPs.

ATERIALS AND METHODS
fter obtaining Institutional Review Board approval, we
ivided all poor responders enrolled in the standard IVF flare
rotocol from October 2002 to November 2003 into two
roups, following their written consents: Group A (n � 12)

onsisted of patients who received OCPs before the IVF cycle,

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.123
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nd group B (n � 7) consisted of those who did not. The
atients in group A received OCPs for a minimum of 21 days.

Day 1 of the stimulation cycle was the day after stopping
he active pill in group A and the day of menstruation in
roup B. On day 2, 1 mg LA was injected SC after drawing
lood for measuring serum FSH, LH, estrogen, and P. Mea-
urements were performed by immunoassay (Quest Diag-
ostics, New York, NY). After 24 hours, serum FSH, LH,
strogen, and P were again measured before LA and gonad-
tropin administration. The patients then followed the stan-
ard IVF flare protocol.

The gonadotropin dose was individualized in each patient
ccording to the previous response and ovarian reserve test-
ng. Serial serum E2 levels and ultrasound assessment of
ollicular growth were used to monitor ovarian response. Ten
housand units hCG was given IM when at least 2 follicles
ere �18 mm. Embryo transfer was generally performed on
ay 4, and luteal support was given to all patients. A preg-
ancy test was done 12 days after transfer, with pregnancy
onfirmed by an ultrasound 19 days after transfer.

Statistical analysis was performed using Systat 7 software
Systat Software Inc., San Jose, CA). The Student t test was
sed, and a P value of �.05 was considered to be significant.

ESULTS
ll of the study patients were poor responders, and there was
o difference in the mean age (38.2 � 5.0 vs. 38.1 � 3.8),
ean pretreatment day 3 FSH (8.6 � 4.5 vs. 9.6 � 2.9
IU/mL), and infertility diagnosis between patients pre-

FIGURE 1

FSH flare-up in OCP and non-OCP group after
administration of 1 mg Lupron. OCP � oral
contraceptive pill.
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ertility and Sterility�
reated with OCPs and those following a natural cycle. On
ay 2, before LA administration, OCP-pretreated patients
ad a significantly lower FSH (3.6 � 3.6 vs. 10.1 � 4.2
IU/mL; P�.05).

Twenty-four hours after LA administration (from cycle
ay 2 to 3), all subjects, when combined, had a significant
ise in FSH (6.17 to 20.47 mIU/mL; P�.01), LH (3.4 to 25.8
IU/mL; P�.01), and E2 (35.9 to 52.2 pg/mL). As described

n the Materials and Methods section, a P value of �.05 is
onsidered significant.

The OCP-pretreated patients had a significant rise in FSH
3.6 to 17.11 mIU/mL; P�.01) and LH (2.12 to 13.4 mIU/
L; P�.01). Patients following a natural cycle also had a

ignificant rise in FSH (10.12 to 26.24 mIU/mL) and LH (5.6
o 45.5 mIU/mL) (Figs. 1 and 2).

The only significant difference in gonadotropin and ste-
oid response to LA flare between OCP-pretreated and un-
reated patients was an increased mean rise in LH in the
ntreated group. In addition to blunting the rise in LH,
retreatment with OCPs appeared to reduce the rise in P
etween days 2 and 3. Although this reduced elevation of
rogesterone was a potentially significant difference clini-
ally, there were inadequate data to achieve statistical sig-
ificance. Additionally, there were no differences in rise in
SH and peak E2 between the two groups (Table 1).

In patients pretreated with OCPs, the live birth rate was
1.7%, and in those following a natural cycle it was 28.6%
P�.19; not significant). None of the patients in either of the

FIGURE 2

LH flare-up in OCP and non-OCP group after
administration of 1 mg Lupron. OCP � oral
contraceptive pill.
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ISCUSSION
ral contraceptive pills and GnRHa have been used exten-

ively in poor responders undergoing IVF cycles to improve
he ovarian response to gonadotropins. The use of GnRHa
efore ovarian stimulation with gonadotropins results in
ormation of ovarian cysts owing to the transient flare effect
f the GnRHa which rescues the pre-existing corpus luteum
nd results in premature P production (10).

Oral contraceptive pills prevent the formation of ovarian
ysts through a dual effect of pituitary suppression and ovarian
rotection by eliminating the corpus luteum (11). The com-
ined use of GnRHa and OCPs shortens the time required to
chieve the pituitary suppression and prevents premature LH
urge (10), but little is known about the nature and duration of
ituitary suppression caused by the OCPs. The effect of OCPs
n the hypophyseal and ovarian hormonal response after Gn-
Ha injection in a flare protocol is not clear.

Al-Mizyen et al. (7) studied the effect of pre-IVF treat-
ent with either a gestogen or OCP in poor responders

ndergoing flare protocol and concluded that the pretreat-
ent did not improve the outcome of IVF-ET (7). They did

ot, however, evaluate the effect of the gestogen or OCP on
he serum hormone levels.

The present findings indicate that pretreatment with OCPs
n a flare protocol results in suppression of the basal FSH. A
are in the serum FSH and LH levels occurred after GnRHa

njection in both of the present study groups, and this is
onsistent with the findings of Loumaye et al. (5). This flare
esults in stimulation of the follicular growth and shortens
he follicular phase in an IVF cycle.

However, a blunted LH flare was observed in the group
retreated with OCPs compared with the non-OCP group,
nd this blunting of the LH flare may be beneficial, because
t reduces an early rise in follicular androgens, thus provid-
ng optimum microenvironment for follicular growth.

Gelety et al. (12) and Bo-Abbas et al. (13) in separate
tudies demonstrated an elevation in the serum LH levels

TABLE 1
Gonadotropin and steroid flare response after 1

LA induced day 2 to day 3 OCP gr

Mean rise in FSH (mIU/mL) 13
Mean rise in LH (mIU/mL) 11
Mean rise in P (ng/dL) 0.
Mean rise in E2 (pg/mL) 3
Peak E2 (pg/mL) 1,658.
Note: OCP � oral contraceptive pill.
* P�.01 (t test).

Keltz. Effect of OCPs on FSH flare in poor responders. Fertil Steril 2007.
fter GnRHa injection and marked androgen elevations o

352 Keltz et al. Effect of OCPs on FSH flare in poor respond
hich had potential detrimental effects on oocytes of the
eveloping cohort. As proved by the present study, pretreat-
ent by OCPs blunts the LH flare, thus correcting this

articular disadvantage of the GnRHa in a flare protocol.

The peak E2 levels achieved were similar in both groups,
nd the pregnancy outcomes also were similar.

The P levels, however, were found to be lower in the OCP
roup than in the non-OCP group, and although this was not
tatistically significant, it is clinically important. The ob-
erved elevation in the serum P in the non-OCP group could
e due to the rescue of the corpus luteum by the initial flare
f gonadotropins. Gelety et al. (12) also documented this rise
n serum P after GnRHa injection.

As demonstrated by Sims et al. (14), elevation of serum P
n early follicular phase may impair follicular recruitment
nd overall ovarian response. Use of OCPs prior to GnRHa
ay have eliminated the existing corpus luteum and there-

ore no rise in serum P was seen in our OCP group.

Alhough this study has demonstrated how OCPs modify
he hypophyseal and ovarian hormone flare-up response of
nRHa, its main limitation is the number of subjects, which

re sufficient enough to demonstrate the FSH flare but are
nsufficient for commenting upon the outcome variables
uch as pregnancy rates. More studies are required with a
arger study population to comment upon the effect of OCP-
nRHa flare protocol on pregnancy rates.

In conclusion, it is evident from the present study that the
se of OCPs before the use of 1 mg LA in a GnRHa flare
rotocol suppresses the pre-Lupron FSH but does not blunt
he flare effect on FSH and therefore should not affect the
ollicular response to the GnRHa flare in poor responders. It
lunts the LH flare, which may be beneficial in reducing an
arly rise in follicular androgens and reduces the serum P
evels. A larger study with standardized protocol would be
equired to assess any outcome advantages or disadvantages

Lupron (LA) injection.

(n � 12) Non-OCP group (n � 7)

6.1 16.1 � 12.0
4.6* 39.5 � 31*
0.17 1.41 � 1.3
7.7 7.8 � 0.2
1,310.2 1,438.00 � 1,019.3
mg

oup

.6 �

.3 �
18 �
.2 �
88 �
f pretreatment with OCPs in flare protocols.
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A mandatory single blastocyst transfer policy with
educational campaign in a United States IVF program
reduces multiple gestation rates without sacrificing
pregnancy rates
Ginny L. Ryan, M.D., Amy E. T. Sparks, Ph.D., Christopher S. Sipe, M.D., Craig H. Syrop, M.D.,
Anuja Dokras, M.D., Ph.D., Bradley J. Van Voorhis, M.D.

Department of Obstetrics and Gynecology, University of Iowa Carver College of Medicine, Iowa City, Iowa

Objective: To reduce the twin rate in our IVF program.
Design: A prospective educational study of infertile couples; a retrospective review of IVF outcomes before vs.
after mandatory single embryo transfer (mSBT) policy change.
Setting: University-based infertility center.
Patient(s): One hundred ten of 120 consecutive new infertile couples completed the educational study. Outcomes
of all embryo transfers (n ¼ 693) performed 17 months before and 17 months after mSBT were evaluated.
Intervention(s): A 1-page educational summary of comparative risks of twins vs. singletons to maternal and child
health.
Main Outcome Measure(s): Knowledge of twin risks and desired number of embryos transfered before and after
education. Pregnancy rates, number of embryos transfered, and multiple-gestation rates before and after mSBT
policy.
Result(s): After education, knowledge of twin risks improved and a significant number of subjects changed their
desired outcome to a lower gestational number. There was no change in ongoing pregnancy rates with blastocyst
transfer before and after mSBT (63% vs. 58%; NS). Program-wide number of embryos transfered (2.1� 0.6 vs. 1.9
� 0.7) and multiple-gestation rates (35% vs. 19%) decreased significantly while pregnancy rates were maintained.
Conclusion(s): Simple educational materials can improve knowledge of twin pregnancy risks and affect decision
making. In high-risk patients, mSBT results in pregnancy rates similar to two-blastocyst transfer, with decreased
twin rates. (Fertil Steril� 2007;88:354–60. �2007 by American Society for Reproductive Medicine.)

Key Words: Infertility, twins, blastocyst, IVF, education, blastocyst transfer, multiple gestations, premature birth
Multiple-gestation pregnancies remain the most significant
and frequent complication of in vitro fertilization (IVF) treat-
ment (1). Although national and international efforts have
focused on phasing out protocols that result in higher-order
multiples (1–5), twin gestations continue to be a common
(5–8), well accepted, and surprisingly frequently desired
outcome of IVF in the United States (9–12).

Twin gestations are certainly less risky than those involving
higher-order multiples. Compared with singletons, however,
twin pregnancies contribute disproportionately to the
epidemic of preterm deliveries, have a higher rate of sponta-
neous abortion and intrauterine fetal demise, and are more
likely to result in neonatal and infant death, cerebral palsy,
and congenital birth defects (1, 3, 6, 13–17). Twin pregnancies
are also associated with a higher risk of maternal hyperten-
sion, cesarean section, postpartum hemorrhage, and maternal
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death compared with singleton pregnancies (6). Furthermore,
twin pregnancies are associated with markedly increased
costs to the family and society (3, 6). Compared with single-
tons, twins also have delayed language development (13, 18),
and studies have shown that parents of twins have increased
levels of stress and depression (3, 6, 13, 14, 19, 20).

We were concerned about the high rate of twin births in our
IVF center (approaching 40% after transfer of two blasto-
cysts), so we undertook a preliminary retrospective analysis
of all blastocyst transfers occurring over a 3-year period
(January 2000–December 2003). We determined that risk
factors for twin gestations included age less than 38 and
transfer of two good-quality blastocysts. In fact, women
who transfered two good-quality blastocysts had the same
pregnancy rate, but twice the risk of a multiple gestation, as
women who transfered one good-quality and one lesser-
quality blastocyst.

Previous work from our center also revealed that 20% of
new infertility patients (9) and 30% of new IVF clinic
patients desire a multiple-gestation pregnancy over a single-
ton as the outcome of their infertility treatment. Because this
desire was associated with a lack of knowledge of twin risks,
we postulated that a concurrent educational campaign to
0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2007.03.001
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improve understanding of twin risks may refocus patients’
priorities for infertility treatment and help them accept a
policy change in number of embryos transfered.

Our overall objective was to reduce the twin birth rate in
our IVF program. We used a two-pronged strategy: 1) an
educational campaign, along with pre- and post-education
questionnaires to measure its effect; and 2) a concurrent pro-
gram-wide policy of mandatory single-blastocyst transfer
(mSBT) in couples identified as being at high risk for twins.

MATERIALS AND METHODS

Educational Campaign

Institutional review board approval was obtained for the
study. All IVF couples seen for the first time at the University
of Iowa Center for Advanced Reproductive Care between
September 2004 and June 2005 were invited to participate
in a study of their desire for twins and knowledge of twin
risks (n ¼ 120). After consent was obtained, a two-page,
31-question survey (questionnaire I, available online) was
completed at the initial visit. Both partners were present at
this first visit, and they were encouraged to jointly participate
in answering the questionnaires.

After completion of questionnaire I, couples were given
a one-page description of the comparative risks of twins ver-
sus singletons to maternal, fetal, and neonatal health. These
data were abstracted from published studies current at the
time of study development. This page was then discussed
between the couples and the faculty physician. Subsequently,
an identical (except for demographic questions) two-page,
22-question survey (questionnaire II, available online) was
distributed. This was either completed on that day or was
returned via mail or at a return visit.

Laboratory Methods

The laboratory methods were performed as previously
described (21). When <7 oocytes fertilized, all embryos
were cultured and cleavage-stage embryo transfer was per-
formed 3 days after oocyte retrieval. The maximum number
of cleavage-stage embryos transfered was determined by
the oocyte source’s age (<35 years ¼ 2; 35–38 years ¼ 3
and >38 years ¼ 4).

Patients with R7 embryos were scheduled for embryo
transfer 5 days after oocyte retrieval. For these couples, 7–8
pronuclear-stage embryos were randomly selected for culture
and the remaining pronuclear-stage embryos were cryopre-
served. The blastocysts were assigned quality grades as
described by Gardner and Schoolcraft (22). Briefly, this
scoring system relies on morphologic assessment of cell
number, fragmentation, and embryo expansion, with grades
(A, B, or C) being given to both the trophectoderm and inner
cell mass of the embryo. Blastocyst quality was categorized
as good (AA, AB, BA, or BB) or poor (BC, CB, or CC) based
on trophectoderm and inner cell mass quality scores. Up to
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two of the most advanced embryos were transfered. Remain-
ing high-quality embryos were cryopreserved.

Ongoing pregnancies were defined as gestations >20
weeks. Final cycle outcomes were reported to the clinic by
patients (21).

Blastocyst Transfer Policy: Mandatory Single Blastocyst
Transfers

Beginning in June 2004, couples identified as high risk for
twins, based on data from our IVF program, underwent man-
datory single-blastocyst transfer (mSBT). High-risk couples
included those in which the woman was under 38 years
with R7 embryos, no previous ‘‘failed’’ (anything other
than a live birth outcome) IVF cycles at our center, and at
least one good-quality blastocyst. All patients were informed
of this policy before entry into the IVF cycle and were told
that there would be no exceptions made.

The educational campaign described above was also insti-
tuted for all patients new to our IVF practice in June 2004,
concurrent with the policy change. Questionnaires, however,
were not distributed to participating couples until September
2004.

Statistical Analyses

Continuous data was analyzed using Student t tests, and
categoric data was assessed by chi-squared analysis. For all
testing, a P value of < .05 was considered to be statistically
significant.

RESULTS

Educational Campaign

One hundred ten couples participated and completed both
questionnaires (92% response rate). The mean ages of the
female and male participants were 32.4 � 4.8 years and
34.9 � 6.4 years, respectively, with a mean duration of infer-
tility of 33.7� 24.7 months and a median parity of zero. Most
couples had attempted earlier infertility treatments, with
a median number of ovulation induction cycles of four. The
median number of previous IVF cycles was zero.

Following the educational campaign, significantly more
subjects ranked singletons as their most-desired treatment
outcome (86% in questionnaire II vs. 69% in questionnaire
I, P<.001) and significantly fewer ranked twins as their
most-desired outcome (14% in questionnaire II vs. 29% in
questionnaire I; P<.001; Fig. 1). On both pre- and post-
education questionnaires, the most commonly cited reason
for preferring twins over a singleton was ‘‘I want to reach
my ideal family size more quickly.’’

When presented with the theoretic option of single-embryo
transfer (SET) vs. two-embryo transfer (2ET) ‘‘based on what
you know now,’’ more subjects preferred SET after the
educational campaign (61% in questionnaire II vs. 22% in
questionnaire I; P<.001). Subjects were then asked to
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FIGURE 1

Desired treatment outcome (a) before education and (b) after education.

Ryan. Mandatory single blastocyst transfer. Fertil Steril 2007.
theoretically choose SET vs. 2ET based on different hypo-
thetic scenarios in which the 2ET pregnancy and twin rates
were constant and the SET twin rate was constant, but the
SET pregnancy rate differed (see Table 1). After education,
there was a significant increase in the proportion of subjects
choosing SET over 2ET, even as the theoretic pregnancy rates
for SET declined (P<.05 for SET pregnancy rates R40%;
Table 1).

Both before and after the educational campaign, however,
the majority of subjects would only choose SET over 2ET if
the pregnancy rates were equivalent or better, despite the
increased risk of twins with 2ET. Furthermore, even after
education, 25% of subjects reported that they would continue
to choose 2ET over SET if the pregnancy rates were equiva-
lent, despite the tenfold higher twin rate (50% vs. 5%).

Although 99% of subjects knew of the increased risk of
preterm delivery with twins before receiving risk informa-
tion, knowledge improved significantly on each of the other
356 Ryan et al. Mandatory single blastocyst transfer
ten risk questions after educational intervention (average
total correct: 61% in questionnaire I vs. 93% in questionnaire
II; P<.05).

Blastocyst Transfer Policy: Mandatory Single Blastocyst
Transfers

There were 355 total embryo transfers (including 183 blasto-
cyst transfers) in the pre-mSBT study period and 338 total
transfers (including 158 blastocyst transfers) in the post-
mSBT study period. Table 2 describes the patient populations
in each group. Seventy-seven blastocyst transfers in the post-
mSBT period were mSBT, and six were elective SBT (criteria
for mSBT not met). Patient age and distribution of diagnoses
in this subgroup of post-mSBT patients were similar to others
in the post-mSBT group. Following implementation of our
policy, 25% of all transfers and 53% of blastocyst transfers
were single (mandatory or elective) blastocyst transfer cycles
compared with 0 mandatory and 12 elective SBT in the pre-
mSBT period (3% of all transfers, 7% of blastocyst transfers).
TABLE 1
Subject preferences for single-embryo transfer: hypothetic choices.

Two-embryo transfer Single-embryo transfer
% of subjects

preferring single-embryo transfer

Scenario
Pregnancy

rate
Multiple

rate
Pregnancy

rate
Multiple

rate
Before

education
After

education

#1 60% 50% 70% 5% 83% 91%a

#2 60% 50% 60% 5% 56% 75%a

#3 60% 50% 50% 5% 20% 43%a

#4 60% 50% 40% 5% 4% 14%a

#5 60% 50% 30% 5% 0% 7%

a P< .05.

Ryan. Mandatory single blastocyst transfer. Fertil Steril 2007.
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TABLE 2
Demographic information for patients undergoing embryo transfer before (pre-mSBT) and after
(post-mSBT) implementation of the mandatory single blastocyst transfer policy.

All patients
Patients with

day 5 embryo transfer

Pre-mSBT Post-mSBT Pre-mSBT Post-mSBT

Total number of transfers 355 338 183 158
Number of autologous oocyte cases 329 (92.7%) 319 (94.4%) 162 (88.5%) 142 (89.9%)
Number of donor oocyte cases 26 (7.3%) 19 (5.6%) 21 (11.5%) 16 (10.1%)
Patient age, yrs, mean � SD

(excluding donor oocyte recipients)
33.0 � 4.6 33.4 � 4.6 32.3 � 4.4 32.5 � 4.3

Patient diagnosis
Male factor only 79 (22%) 79 (23%) 38 (21%) 32 (20%)
Tubal factor 89 (25%) 74 (22%) 40 (22%) 28 (18%)
Ovulatory dysfunction 50 (14%) 62 (18%) 27 (15%) 32 (20%)
Multiple factors 89 (25%) 83 (25%) 51(28%) 42 (27%)
Unexplained 48 (14%) 40 (12%) 27 (14%) 24 (15%)
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To our knowledge, there were no patients identified in the
post-mSBT period who refused to accept the policy change
and sought care elsewhere. The policy change was published
in our informational packet and sent to patients before their
first visit, however, so it may be that patients initiated care
at a different center when they discovered this unique
practice pattern. Nevertheless, our patient volume has been
consistent, and we have not been made aware of any lost
referrals.

Considering all fresh embryo transfers performed (day 3
and day 5), neither implantation rate (IR) nor ongoing preg-
nancy rate (PR) per transfer differed between the pre-mSBT
and post-mSBT study periods (IR 43% vs. 42% and PR 57%
vs. 51%, respectively; NS). Mean number of embryos trans-
fered (2.1 vs. 1.9; P<.001) and percentage of ongoing
pregnancies with multiple gestational sacs (35% vs. 19%;
P<.001) decreased significantly in the post-SBT study period
(Table 3).

Considering blastocyst (day 5) transfers only, neither IR
nor ongoing PR per transfer differed between the pre- and
post-mSBT study periods (IR 54.1% vs. 56.9% and PR
63% vs. 58%, respectively; NS). Mean number of embryos
transfered (1.9 vs. 1.5; P<.001) and percentage of ongoing
pregnancies with multiple fetal heartbeats (41% vs. 15%;
P<.001) decreased significantly in the post-mSBT study
period (Table 3).

The 77 mSBTs resulted in an ongoing pregnancy rate of
66.2% per transfer and an ongoing multiple gestation rate
(due to monozygous twinning) of 2% per transfer. Ninety
percent of couples affected by the mSBT policy had extra
embryos cryopreserved. Although only a short time had
elapsed since initiation of the mSBT policy, the cumulative
Fertility and Sterility�
ongoing pregnancy rate (fresh plus cryopreserved embryo
transfers) was 80.5% per couple who had fresh mSBT
(Table 4).

DISCUSSION

The present data show that in targeted groups of good-prog-
nosis IVF patients, mSBT results in excellent pregnancy
rates, similar to two-blastocyst transfer, but with markedly
decreased twin rates. Earlier U.S. studies of elective SBT
suggested that high pregnancy rates are possible (23, 24),
but this is the first study in the United States to introduce
and enforce a mandatory protocol. This removed the selec-
tion bias and resulted in a significant proportion of all patients
becoming involved. Because fully one-quarter of all embryo
transfers were mSBTs after institution of the protocol change,
our IVF program’s overall multiple gestation rate was signif-
icantly improved, decreasing by 45%, while program-wide
pregnancy rates were maintained. Another unique aspect of
this study was the use of blastocyst quality as a selection cri-
terion for SBT. We believe this improved our ability to select
couples who were likely to conceive at a high rate following
transfer of a single embryo.

We feel strongly, however, that our mSBT protocol would
not have been as well accepted without a concurrent educa-
tion program. Our educational intervention study suggests
that education can improve infertile patients’ knowledge
about multiple gestation pregnancies. Although at odds
with a earlier study that found twin risk education did not
change patient desires for multiple gestations (12), in the
present study an improved understanding of twin risks
appeared to affect patients’ declared desires for numbers of
embryos to transfer and for twin pregnancies. Admittedly,
357



TABLE 3
IVF cycle outcomes for patients undergoing embryo transfer before (pre-mSBT) and after (post-mSBT)
implementation of the mandatory single blastocyst transfer policy.

All embryo transfers All day 5 embryo transfers

Pre-mSBT Post-mSBT P value Pre-mSBT Post-mSBT P value

Total number of transfers 355 338 183 158
Oocytes, mean � SD 14.5 � 8.1 13.8 � 6.4 NS 19.1 � 7.7 17.3 � 5.8 .01
Embryos, mean � SD 8.3 � 5.3 7.5 � 4.5 .05 11.8 � 4.8 10.8 � 3.6 .05
Embryos transfered,

mean � SD
2.1 � 0.6 1.9 � 0.7 .001 1.9 � 0.3 1.5 � 0.5 .001

Number of mandatory SET 0 77 (22.8%) 0 77 (48.7%)
Ongoing pregnancies 202 (57%) 171 (51%) NS 116 (63%) 91 (58%) NS
Ongoing multiple gestations 70 (35%) 32 (19%) .001 47 (41%) 14 (15%) .001
Ongoing singleton gestations 132 (65%) 139 (81%) .05 69 (59%) 77 (85%) .002
Embryo implantation rate 43% 42% NS 54.1% 56.9% NS

Note: NS ¼ no significant difference; SET ¼ single embryo transfer.
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even after education, some couples prefer two-blastocyst
transfer with its associated increased incidence of twins.
The importance of pregnancy rates in this decision process
was also highlighted by the present study, because a majority
prefer two-blastocyst transfer if there is a drop in the preg-
nancy rate of as little as 10% with SBT.

A weakness of the present study may be the retrospective
nature of the IVF outcomes analysis before and after mSBT
policy change. While practice does tend to change relatively
quickly in the field of IVF, there were no substantive changes
in our center’s practice patterns, patient population, or staff
throughout the 34 months studied. Therefore, we feel that
358 Ryan et al. Mandatory single blastocyst transfer
the historical comparison group was valid. Furthermore, we
believe that waiting for the results of a prospective random-
ized trial of volunteers to confirm the findings of our previous
data analysis would only delay the institution of the protocol
change and continue to perpetrate the high twin rates.

Another concern has been the ability to generalize our
center’s data to others in the U.S. We acknowledge that our
center’s relative geographic isolation may have contributed
to patient acceptance of our mSBT policy. However, there
are several established and successful alternative IVF pro-
grams within 100–200 miles of our center. Due to the sparse
population in the state, patients are often equidistant from
TABLE 4
Outcome of single blastocyst transfers (SBTs) after the policy change.

Mandatory SBTs
All (mandatory and

elective) SBTs

Total number of transfers 77 83
Oocytes, mean � SD 17.7 � 5.9 18.1 � 6.7
Embryos, mean � SD 11.5 � 3.9 11.6 � 4.2
Patients with cryopreserved embryos 69 (90%) 73 (88%)
Embryos cryopreserved, mean � SD 6.0 � 4.3 6.0 þ 4.6
Ongoing pregnancies 51 (66.2%) 52 (62.7%)
Ongoing multiple gestations 1 (2%) 1 (1.9%)
Ongoing singleton gestations 50 (98%) 51 (98.1%)
Embryo implantation rate 76.6% 75.0%
Pregnancies after cryopreserved embryo transfer 11/22 (50%) 13/26 (50%)
Cumulative (fresh and cryopreserved embryo

transfer) delivery or ongoing pregnancy rate/
oocyte retrieval

80.5% 77.1%

Ryan. Mandatory single blastocyst transfer. Fertil Steril 2007.
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several IVF centers and travel hours to obtain specialized
healthcare at our center.

The increased risks posed by twin gestations are well
established. These may be clear to physicians and other
health care providers, but for most couples seeking treatment
the risks are difficult to personalize. Pennings (25) notes,
‘‘there are strong indications that infertile people’s decision
making is mainly guided by their desire to become parents.
Their wish for a child makes them underestimate the difficul-
ties of raising a child (let alone more than one child), among
which there may be a child with special needs.’’ In addition,
as with many other medical issues, treatment preferences
may differ between physicians and patients in IVF owing to
relative differences in value assessment of outcomes (26,
27). Physicians are risk averse, having learned to ‘‘first, do
no harm,’’ whereas infertility patients, frustrated by pro-
longed periods of infertility and multiple treatment cycles,
may be much less risk averse. In fact, as this and other studies
have shown, twin gestations are the most desired outcome for
at least a sizeable minority of infertile couples, especially
when the alternative is no pregnancy at all (9–12).

These issues of patients’ desire for multiples and differ-
ences in value assessment are colliding within a health care
environment where ‘‘respect for patient autonomy has
become a fundamental—arguably the paramount—moral
principle in bioethics’’ (28). In this context, it may be difficult
to decide who holds the final decisional authority in the case
of number of embryos to transfer in an IVF cycle, and physi-
cians may feel significant pressure to bend to patient desire.

Perhaps in part because of this, physicians in the U.S.
have been slow to embrace single-embryo transfer despite
their understanding of twin pregnancy risks (29). Much of
the available data regarding single-embryo transfer has
come from centers in Europe where transfer involves
cleavage-stage embryos and historically results in lower
pregnancy rates than those in the United States. This
may be of concern in a competitive marketplace like the
United States, where the cost of one IVF cycle averages
almost 30% of the per-capita gross national income—al-
most three times more than the average cost in 25 other
countries (30). Results from the present study using blas-
tocysts, as well as other recent studies of elective SBT,
should be reassuring.

If the well-being of the child or the greater health of society
were the primary outcomes of concern, multiple-gestation
pregnancies would surely be less accepted by health care
providers. In vitro fertilization practices must acknowledge
that their outcomes significantly influence the health and eco-
nomic strength of the community. For that reason, a single
healthy baby must be their treatment goal. To that end,
programs should analyze their own outcomes and adopt
mSBT policies in select groups of patients while minimizing
the number of embryos transfered in all patients. Providing
limited clinically appropriate IVF treatment choices before
the start of treatment while educating couples as to the
Fertility and Sterility�
reasons why twins are a clinically undesired outcome during
an informed consent process shows respect for both the
patient’s autonomy and the provider’s professional integrity
and clinical judgment.
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Empowering patients undergoing in vitro fertilization
by providing Internet access to medical data
Wouter S. Tuil, M.Sc.,a Chris M. Verhaak, Ph.D.,b Didi D. M. Braat, M.D.,a
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Departments of a Obstetrics and Gynaecology; b Medical Psychology and Pediatrics; and c Medical Informatics,

Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands

Objective: To study the effect of an Internet-based personal health record on the empowerment of patients under-
going IVF.
Design: Randomized clinical trial.
Setting: Patients undergoing IVF and intracytoplasmic sperm injection (ICSI) in an academic research environ-
ment.
Patient(s): We selected patients who were undergoing an IVF or ICSI treatment, have an Internet connection, and
speak fluent Dutch.
Intervention(s): An Internet-based personal health record that provides patients with general and personal infor-
mation concerning their given treatment and that also provides facilities for communication with fellow patients
and physicians.
Main Outcome Measure(s): Patient empowerment (measured as a multidimensional concept consisting of self-
efficacy, actual and perceived knowledge, and involvement in the decision process), patient satisfaction, meaning
of infertility problems, social support, anxiety, and depression.
Result(s): A total of 91 female and 89 male participants were suitable for analysis. No significant differences were
observed in per person change in patient empowerment. We did not find any significant differences regarding per
person change in patient satisfaction, the meaning of infertility problems, social support, anxiety, and depression.
Conclusion(s): Usage of the personal health record did not have any effects on patient empowerment, but, at the
same time, the study did not find that the personal health record had any significant adverse effects either. (Fertil
Steril� 2007;88:361–8. �2007 by American Society for Reproductive Medicine.)

Key Words: Consumer health informatics, patient empowerment, Internet, IVF, electronic health record
The Internet is having a profound impact on health care. It has
the potential to empower and educate patients, support deci-
sion making, and enable the interaction between consumers
and professionals (1). Making electronic health records avail-
able across the Internet is viewed as an important step toward
consumer empowerment (2), because without adequate infor-
mation patients are not able to achieve sufficient levels of
desired autonomy and self-efficacy (3, 4).

At the Radboud University Nijmegen Medical Center, we
developed an Internet-based personal health record targeted
at patients undergoing an IVF treatment at our hospital (5).
These patients are relatively young and well motivated, fre-
quently use the Internet (6, 7), and have expressed the explicit
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need for Internet-accessible medical records, as well as a de-
sire to communicate with their physicians and fellow patients
online (6). Taking these positive attitudes toward online ini-
tiatives into account, we expected this personal health record
to have great potential for improving the empowerment of our
patient population.

Patient empowerment has been advocated for many years
(8), and its abilities to improve the psychosocial aspects of
living with a disease are apparent (9). Nevertheless, there still
are conflicting perceptions concerning this abstract concept,
which has led to the absence of a generally accepted defini-
tion (10). In spite of this, empowerment has been linked to
several adjoining concepts; it often is linked to self-efficacy
(11–14), knowledge about a patient’s disease and treatment
(14, 15), and a patient’s involvement in the decision process
(16, 17). To a lesser extent, empowerment also is linked to
concepts such as locus of control, self-esteem, powerlessness,
helplessness, response efficacy, and assertiveness (18).
Because of this lack of a definition and adequate measures,
most studies that involve interventions promoting empower-
ment measure and compare the clinical benefits of empow-
ered patients, instead of measuring empowerment itself.

Nonetheless, some studies have demonstrated that empow-
ering patients is possible in terms of self-efficacy, their
Fertility and Sterility� Vol. 88, No. 2, August 2007 361
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attitude toward and knowledge about a disease (9, 19). More-
over, a review of studies indicated that several interventions
promoting free access to medical records did indeed increase
empowerment (20). In the trials presented in this review, ac-
cess to medical data was achieved by handing patients their
physical medical record. However, because this same effect
was not found by other studies (21), the effectiveness of
this approach is still disputable.

The Internet gives a new impulse to rendering medical re-
cords available to patients. It enables the automated distribu-
tion of medical information to entire patient populations; that
is, physical barriers are broken, and online medical records,
adapted to the patients’ wishes and knowledge level, are
thought to be more informative and effective in promoting pa-
tient empowerment than physical records (1, 22). Moreover,
various peer-to-peer communication technologies enable
patient-physician and patient-to-patient interaction across
the Internet. These virtual communities could also empower
patients (23), although, to date, robust evidence is lacking
(23, 24). However, there are a number of potential side effects
because extensive preparatory information can influence neg-
atively a patient’s response to an IVF treatment (25).

The personal health record developed at our center is used
frequently and intensively in a real-life setting and provides
many functions that, from a patient’s perspective, could be
very useful (26). When looking beyond reported usefulness,
however, the question central to this study is whether this sys-
tem is able to increase patient empowerment, that is, whether
it increases self-efficacy, knowledge about the treatment,
and a patient’s involvement in the decision process. In addi-
tion, this study investigates whether the personal health
record negatively influences the emotional response to the
treatment.

MATERIALS AND METHODS

Personal Health Record Developed at Our Center

We developed a website with the purpose of giving patients
who were undergoing IVF access to their medical records.
The website aids them in interpreting the medical data and
also enables online communication between patients and
their physicians (26). The website uses public key infrastruc-
ture to secure access and data transfer across the Internet, and
logging on requires a user name and password combination.

The website’s content can be divided into three functional
groups. First, the site presents general information about in-
fertility and the IVF treatment, as well as providing detailed
information about the fertility clinic. Moreover, the site func-
tions as a portal to other Internet resources. This information
is not available via the hospital’s general purpose website,
and accessing it requires logging on.

Second, it provides patients with personalized information,
mainly by giving the patients access to their own medical re-
cords. They are able to view all digital available information
concerning their IVF or ICSI treatment. Data entry by
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patients was not implemented. All personalized information
is accompanied by tailored, context-sensitive clarifications.
Furthermore, to simplify browsing, all information is
grouped into logical containers, derived from key elements
in the treatment protocol.

Third, the website offers a number of communication op-
tions, including E-mail facilities, a discussion forum (bulletin
board), and a chat room. Physicians actively participate in the
latter two to moderate the discussions, to answer the patients’
questions, and to correct faulty information.

By integrating these various components into one website,
we developed an Internet-based personal health record
founded on the principles of patient-centeredness and patient
participation. The website developed is used frequently, re-
sulting in a median number of page views of 431 during the
first 70 days of use. Furthermore, many of its functions are
appreciated highly by the majority of patients (5). A screen-
shot is available in Figure 1.

Evaluation of the Personal Health Record

To answer the question central to this research, namely,
whether the personal health record can boost patient empow-
erment, we set up a randomized clinical trial. The research
population consisted of patient-couples who were undergo-
ing an IVF or ICSI treatment at our hospital. To obtain a ho-
mogeneous and unbiased research population, this treatment
had to be performed with use of standardized hormonal stim-
ulation techniques, and the participants were not to have un-
dergone an earlier IVF or ICSI treatment at our hospital.
Furthermore, all participants had to be at least 18 years old,
own a personal computer with Internet access, and—because
the website is in Dutch—the participants had to be fluent in
Dutch.

All patients scheduled for their first IVF or ICSI treatment
cycle between January 2004 and July 2004 were informed
about the study through an information leaflet that had
been added to the regular patient information package. The
informed consent form was attached to the information leaf-
let, and when a patient called the secretary a few weeks later
to inform the clinic that her menstrual period had begun, she
was reminded to fill it out. Everyone who had signed and re-
turned their informed consent form was randomized, which
means that, on the basis of the order in which the forms
were received, each patient was allocated alternately to either
the research or the control group by an investigator who did
not know the patients. Only the research group was granted
access to the personal health record, whereas the control
group was not granted access to the system and was not given
any alternate incentive to continue their participation in the
study. Double-blinded evaluations unfortunately are not ap-
plicable to these types of interventions, but to minimize
potential Hawthorne effects the treating physicians were dis-
couraged from discussing the website with their patients.

Both male and female partners were asked to fill out a writ-
ten questionnaire at the start and end of their first treatment
Vol. 88, No. 2, August 2007



FIGURE 1

Screenshot of the website developed at the Radboud University Nijmegen Medical Center (translated from
Dutch). Bar, left, depicts the majority of the functions offered by the website.
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cycle. The main outcome measure of this questionnaire was
patient empowerment, which, in the absence of a generally
accepted measurement scale for this variable, was measured
as a multidimensional concept composed of self-efficacy, ac-
tual and perceived knowledge, and patients’ involvement in
the decision process. Self-efficacy was measured by using
the General Self-Efficacy Scale (27), as well as an IVF-
specific self-efficacy measure. The patients’ objective knowl-
edge about the IVF treatment was assessed by using the sum
score of 10 multiple-choice questions concerning 10 key mo-
ments in an IVF treatment. These questions are available in
the Appendix. Furthermore, the Visual Analogue Scale was
used to measure their subjective knowledge level regarding
the same 10 key moments, and again their averaged score
was used for analysis. Finally, a patient’s involvement in
the decision process was measured by using three items of
the Problem-Solving Decision-Making Scale (28).

To measure possible side effects of the website, we also
measured other outcome variables besides patient empower-
ment. These secondary outcome measures were patient satis-
faction, measured by the Patient Satisfaction Questionnaire
(29); the meaning of fertility problems, established with
use of the Illness Cognition Questionnaire (30, 31), which
resulted in subscales for helplessness and acceptance; social
support, assessed through the Inventory for Social Support
(32); state anxiety, measured with the State-Trait Anxiety In-
ventory (33, 34); and, finally, depression, which we measured
through the Beck Depression Index for Primary Care (35).
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Aside from the primary and secondary outcome measures,
interfering variables were also taken into account. Subse-
quently, a patient’s coping style was measured by using the
Utrecht Coping List (36); we observed patients’ usage of
their online medical records (by counting page views); we
used a six-item questionnaire to determine other infertility-
related Internet use; and, last, we determined the patients’
treatment outcome.

Statistical analysis was carried out by using repeated-
measures multivariate analysis of variance (MANOVA) to
determine the effect of the personal health record on the mul-
tidimensional concept of patient empowerment. The mean
difference in the effect between the two groups is expressed
as the Hotelling-Lawley trace. Repeated-measures analysis
of variance (ANOVA) was used to determine the effect on
its individual constituting variables and for the assessment
of the effects on the other outcome variables. Male and fe-
male participants were analyzed separately.

RESULTS

During the inclusion period, 199 patient couples were
scheduled for their first IVF or ICSI treatment cycle at our
hospital and were given the information leaflet. One hundred
twenty-two of these 199 eligible patient-couples (61%)
signed and returned the informed consent form. Twenty of
these couples (16%) did not fill out the first (pretest) question-
naire and were thus excluded from the trial, which resulted in
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a total of 102 patient-couples enrolled in the study. Because of
treatment stress (n ¼ 2) or spontaneous pregnancy (n ¼ 1),
three couples were excluded, and 8 female and 10 male partic-
ipants did not fill out the second (posttest) questionnaire. This
left 91 female and 89 male participants suitable for analysis
(research group: 51 male and female participants; control
group: 40 female and 38 male participants). An overview of
enrollment and study completion is shown in Figure 2.

There were no significant differences among the groups in
demographics (Table 1) and base levels of the various out-
come measures (Tables 2 and 3). Also no significant differ-
ences in ongoing pregnancies were observed (31% in the
research group and 23% in the control group; P¼.33). Data
on nonresponders and dropouts are not available.

Multivariate ANOVA with repeated measures was per-
formed to test for differences between the research and control
groups in per-person change in patient empowerment. This
analysis showed no significant interaction effect (group by
time) on the combined dimensions of patient empowerment
(general self-efficacy, IVF-specific self-efficacy, subjective
knowledge, objective knowledge, and involvement in the de-
cision process): Hotelling-Lawley trace¼ 0.025; F(5, 160)¼
0.387; P¼.857 for female participants; Hotelling-Lawley
trace ¼ 0.009; F(5, 160) ¼ 0.145; P¼.981 for male partici-
pants. Moreover, univariate analysis (using repeated-
measures ANOVA) of the individual constituting factors of
patient empowerment did not show significant differences in
per-person changes between the two groups (Table 2).

Furthermore, repeated-measures ANOVA carried out on
the secondary outcome measures (patient satisfaction, mean-
ing of infertility, social support, anxiety, and depression) did
not show significant differences in per-person change in these
variables (Table 3). We ruled out any interfering effects by
stratifying for a patient’s coping style, usage of the website,
other infertility-related Internet use, and treatment outcome.

DISCUSSION

The interactive online medical record (personal health re-
cord) did not result in significant changes in patient empow-
erment, measured either as a multidimensional concept or as
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its individual constituting factors. Although the personal
health record was used frequently, and its users were satisfied
with the functions offered by the website (5), we found no in-
crease in patient satisfaction regarding the delivered care.
Furthermore, this study did not show any significant effects
of the use of the personal health record on the meaning of in-
fertility problems, social support, anxiety, and depression.

This insignificant increase in self-efficacy has also been
found in other studies that provided an electronic personal
health record (37) or that promoted access to a patient’s paper
medical records (21). It contrasts, however, with the results
of two studies in which the paper version of the medical
record was made accessible and that did find an increase in

FIGURE 2

Overview of participating patients.
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TABLE 1
Demographics of patients in the study.

M F

Research Control Research Control

Average age (y) (�SD) 36.04 (�5.6) 36.92 (�5.8) 32.85 (�3.8) 32.56 (�3.1)
No. with Dutch nationality (%) 54/54 (100) 46/48 (96) 51/54 (94) 44/48 (92)
No. who do paid work (%) 51/53 (96) 44/48 (92) 50/54 (93) 41/48 (85)
No. having first IVF treatment (%) 50/54 (93) 43/48 (90) 49/54 (91) 42/48 (88)
No. with higher education (%) 25/54 (46) 23/47 (49) 25/51 (49) 19/47 (40)

Tuil. Empowering patients undergoing IVF. Fertil Steril 2007.
Vol. 88, No. 2, August 2007



TABLE 2
Comparison between pretest and posttest scores on factors of empowerment.

Pretest Posttest
F values

(time by group)Variables Sex Research Control Research Control P value

Involvement in the
decision process

M 49.5 � 3.8 48.7 � 5.0 48.5 � 4.4 48.0 � 5.2 F(1, 81) ¼ 0.071 .791
F 48.2 � 5.0 48.3 � 6.0 49.0 � 5.1 48.7 � 5.2 F(1, 81) ¼ 0.068 .794

Self-efficacy general M 3.4 � 0.4 3.3 � 0.3 3.3 � 0.4 3.3 � 0.4 F(1, 81) ¼ 0.032 .859
F 3.2 � 0.4 3.3 � 0.4 3.2 � 0.3 3.3 � 0.4 F(1, 81) ¼ 0.449 .505

Self-efficacy specific M 15.2 � 2.2 14.8 � 2.4 14.9 � 2.7 14.5 � 2.5 F(1, 81) ¼ 0.005 .943
F 15.0 � 2.3 14.9 � 3.4 14.6 � 2.9 14.9 � 2.7 F(1, 81) ¼ 0.213 .646

Subjective knowledge M 6.9 � 1.3 6.9 � 1.3 7.4 � 1.3 7.1 � 1.5 F(1, 81) ¼ 0.521 .472
F 7.2 � 1.3 7.4 � 1.3 7.3 � 1.3 7.3 � 1.2 F(1, 81) ¼ 0.438 .510

Objective knowledge M 5.3 � 1.3 5.3 � 1.6 6.1 � 1.3 6.0 � 1.4 F(1, 81) ¼ 0.072 .789
F 5.8 � 1.3 6.0 � 1.3 6.0 � 1.5 6.0 � 1.7 F(1, 81) ¼ 0.260 .612

Pretest and posttest results are expressed as mean � SD. Repeated-measures ANOVA (group by time) result in F values
and P values.
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self-efficacy (38, 39). Moreover, the insignificant increase in
knowledge was also found by others (38, 40, 41), whereas yet
other studies demonstrated significant improvements in recall
and understanding (21, 42, 43).

Concerning overall patient satisfaction, our results are
in line with those of previous studies, where paper-based
reco rds were mad e availabl e to the patient s (21, 38–40) . In
one electronic personal health record intervention study,
however, the investigators observed a trend toward an im-
provement in satisfaction regarding the physician-patient
relationship (37). We found no adverse psychosocial effects
Fertility and Sterility�
such as increased levels of anxiety or depression, which is
consistent with the results of other, paper-based, personal
health record interventions (20).

The expected effect of increased patient empowerment
could not be proved in this study. One may argue that this could
be due to our sample size and the subsequent limited power of
prediction. However, for self-efficacy, which is a key compo-
nent of our study, our design allowed a power of 80% to detect
differences in the increase in means of 0.226 between the two
groups. This difference falls in the lower range of differences
from the literature (9, 19), after adjusting for differences in
TABLE 3
Comparison between pretest and posttest scores on the potential side effects.

Pretest Posttest
F values

(time by group)Variables Sex Research Control Research Control P value

Satisfaction M 121.8 � 11.4 123.9 � 6.8 121.7 � 11.3 123.2 � 11.2 F(1, 55) ¼ 0.045 .832
F 121.8 � 10.3 120.4 � 8.1 120.7 � 8.6 119.8 � 10.2 F(1, 57) ¼ 0.043 .837

Helplessness M 10.9 � 3.8 10.5 � 3.0 11.6 � 3.8 10.9 � 3.7 F(1, 55) ¼ 0.108 .744
F 12.8 � 4.6 12.3 � 4.3 12.2 � 4.0 11.1 � 3.3 F(1, 57) ¼ 0.263 .610

Acceptance M 17.1 � 4.3 16.6 � 3.0 14.4 � 4.6 16.0 � 4.1 F(1, 55) ¼ 2.99 .090
F 13.2 � 3.4 15.6 � 4.3 14.7 � 3.8 15.7 � 3.6 F(1, 57) ¼ 1.23 .273

Social support M 17.5 � 2.8 17.4 � 2.3 18.0 � 2.6 17.9 � 3.0 F(1, 55) ¼ 0.004 .952
F 18.8 � 1.7 18.0 � 2.9 17.7 � 2.5 17.6 � 3.3 F(1, 57) ¼ 1.05 .310

State anxiety M 16.0 � 4.4 15.4 � 4.5 17.0 � 4.9 15.5 � 3.9 F(1, 55) ¼ 0.670 .417
F 16.8 � 9.0 16.3 � 5.4 16.7 � 4.5 15.2 � 5.1 F(1, 57) ¼ 0.328 .569

Depression M 0.5 � 1.2 0.8 � 1.4 0.7 � 1.1 0.7 � 1.4 F(1, 55) ¼ 0.643 .426
F 1.5 � 2.0 1.3 � 2.3 1.3 � 2.0 1.1 � 1.9 F(1, 57) ¼ 0.015 .904

Pretest and posttest results are expressed as mean � SD. Repeated-measures ANOVA (group by time) result in F values
and P values.

Tuil. Empowering patients undergoing IVF. Fertil Steril 2007.
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scales used. Although these studies are not quite comparable to
our study in terms of patient population and study design, they
are indicative of what might be clinically relevant.

A second explanation could be that the definition of em-
powerment as a multidimensional concept that is made up
of self-efficacy, knowledge, and involvement is not suitable
for empowerment research in this field. Several alternative
concepts are available for incorporation into the definition
(concepts such as locus of control, self-esteem, powerless-
ness, helplessness, response efficacy, and assertiveness)
(18), but further research is necessary to examine and expli-
cate the relationship between these concepts and patient
empowerment.

A third explanation could be that the patient population at
our infertility clinic already is relatively empowered. Be-
cause the website was an addition to, instead of a substitution
for, usual care, the supplemental effect of the website might
be only fractional and therefore not detectable in this study.
This notion is supported by the fact that the research popula-
tion used in this study scored above average (i.e., 3.1 [44]) on
the General Self-Efficacy Scale during the pretest and by the
fact that we did not find a significant increase in either group
for subjective and objective knowledge. Unfortunately, we
were unable to retrieve any standards from existing literature
to be used for the other components of patient empowerment.

A fourth and final explanation could be that IVF is a highly
protocolized treatment in which the majority of decisions lie
with the clinician, whereas the patients have only a few trivial
choices to make. Achieving empowerment in patients undergo-
ing IVF could therefore be a difficult task that requires more
from an IVF clinic than the implementation of a patient-
centered website; that is, it might mean that the IVF treatment
protocol needs to be redesigned completely from a patient’s
point of view. This new protocol would give patients explicit
choices, and would redefine IVF clinicians as active informa-
tion bookers, whose main purpose is to provide patient with
the information that enables patients to make these choices.
Interactive personal health records such as the one investigated
in this study could then play an important role in the latter.

Although the often theorized and much touted benefits of
consumer access to medical records are still to be proved, ef-
forts are being made to supply routinely and automatically
a clinic’s entire population with personalized medical infor-
mation. However, care providers should not bank on the re-
ported usefulness and user satisfaction alone, because these
factors are mere intermediates, and, as shown by this study,
they are no guarantee of unambiguous clinical benefits. If
a clinic wishes to implement a personal health record, this
will require clear goals, ambitions, and business plans. In
addition, implementation requires solid scientific evaluation
to verify whether these goals are being met, as well as the
publication of the results of this evaluation. Evidence regard-
ing the effectiveness of personal health records is much
needed to help determine appropriate goals when implement-
ing patient-centered Internet tools. Additionally, evaluating
the usefulness of personal health records can aid IVF clinics
366 Tuil et al. Empowering patients undergoing IVF
in making evidence-based choices regarding system design,
thus improving the effectiveness of their Internet strategies.
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APPENDIX

Actual knowledge

With the following questions we want to examine what you
know concerning an IVF or ICSI treatment. On the basis of
your answers we can examine which information we did
not communicate effectively.

Please answer all questions. It does not matter if you are
not certain. Please give the answer that you think is best.

1. How high is the pregnancy chance for a woman of 35
years or above who undergoes IVF treatment?

, The pregnancy chance is the same as that of a woman of
24 years old.

, The pregnancy chance is 25% lower than that of a woman
of 24 years old.

, The pregnancy chance is 50% lower than that of a woman
of 24 years old.

, The pregnancy chance is 75% lower than that of a woman
of 24 years old.

2. How high is the chance of a miscarriage with an IVF
treatment in comparison with a spontaneous preg-
nancy?

, The chance of a miscarriage with IVF is larger than with
a spontaneous pregnancy.

, The chance of a miscarriage with IVF is equal to that of
a spontaneous pregnancy.

, The chance of a miscarriage with IVF is smaller than with
a spontaneous pregnancy.

3. Which of the following symptoms does not indicate
overstimulation?

, Nausea
, Painful breasts
, Enlarged belly
, Retain liquids

4. During the preparatory cycle we recommend contra-
ceptives. Do you know why this is?

, Because then the chance exists for congenital abnormalities
, Because then the eggs can come loose
, Because then fertilization can occur with several eggs at

the same time
, Because then the man has less semen when it is needed for

fertilization

5. Under which circumstances can’t we proceed with
the oocyte pickup?

, If no menstruation has occurred
, If there are insufficient oocytes visible on the echo
, If there are indications for a raised risk of infection
, If pain reduction does not work effectively
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6. Of how many cells does an embryo consist when is it
transferred?

, One cell, but sometimes two are also possible
, Normally 8, but it varies between 3 and 15 cells
, At least 16. More are also possible as long as it fits through

the catheter.
, More than 32, because only then the embryo is visible

7. With which hormone is the maturation of the oocytes
stimulated?

, Decapeptyl
, Folic acid
, Pregnyl
, Progestan
, Puregon

8. Why is an FSH test done during the preliminary stage
of the treatment?

, To estimate the chance of pregnancy
, To calculate the dosage of certain medicines
368 Tuil et al. Empowering patients undergoing IVF
, Both answers above are correct.
, None of the answers above is correct.

9. What is the difference between ICSI treatment and
a IVF treatment?

, With IVF more stimulation is given, as a result of which
more oocytes mature.

, With IVF no processing of the semen takes place.
, With ICSI the fertilization takes place in the laboratory.
, For ICSI the quality of the semen is less important than for

IVF.

10. How many embryos are transferred during the
embryo transfer?

, Always one, to prevent multiple pregnancies
, Always two embryos
, Depending on a choice by the patient and doctor, one or

two embryos
, All fertilized embryo are transferred, so that the chance of

pregnancy is highest.
Vol. 88, No. 2, August 2007
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Cardiovascular evaluation of young patients with
varicocele
Süleyman Kılıç, M.D.,a Yüksel Aksoy, M.D.,b İsa Sincer, M.D.,b Fatih Oğuz, M.D.,a

Nevzat Erdil, M.D.,c and Ertan Yetkin, M.D.b

a Department of Urology, b Department of Cardiology, and c Department of Cardiovascular Surgery, Inonu University School
of Medicine, Malatya, Turkey

Objective: To evaluate cardiovascular risk factors and demographic parameters in patients with varicocele.
Design: Although some pathophysiologic hypotheses have been suggested to explain the etiology of varicocele,
the exact mechanism underlying varicocele is not yet known. The coexistence of arterial and venous system
pathologic conditions has been reported recently, including varicosities of the coronary venous system and leg
veins. Cardiovascular risk factors have not been evaluated previously in patients with varicocele. In addition to
the presence of cardiovascular risk factors and demographic parameters, we assessed the prevalence of peripheral
varicose veins in patients with and without varicocele.
Patient(s): Study groups consisted of 52 patients with varicocele and 100 patients without varicocele younger
than 50 years old.
Result(s): There were no statistically significant differences between the two groups with respect to presence of
hypertension, diabetes mellitus, hyperlipidemia, family history of coronary artery disease, body mass index, age,
and height. The weight and presence of peripheral varicose veins in the patients with varicocele were significantly
higher than in those without varicocele. It was found that presence of peripheral varicose veins was independently
and positively associated with varicocele.
Conclusion(s): We have demonstrated that varicocele is not associated with cardiovascular risk factors or
demographic parameters. However, the presence of peripheral varicose veins is positively associated with
varicocele, suggesting a possible common pathologic step. (Fertil Steril� 2007;88:369–73. ©2007 by American
Society for Reproductive Medicine.)

Key Words: Varicocele, peripheral varicose vein, venous system pathology
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varicocele is a dilation of the scrotal portion of the
ampiniform plexus/internal spermatic venous system that
rains the testicle; 75% to 90% of varicoceles are left sided
nd may result in part from increased pressure to the internal
permatic vein (1). Varicocele has been found in 7% to 20%
f healthy adolescents and young men (2–6). Although some
athophysiologic hypotheses have been suggested to explain
he etiology of varicocele, the exact mechanism underlying
aricocele is not yet known. The coexistence of arterial and
enous system pathologic conditions has been demonstrated
n previous reports, including varicosities of the coronary
enous tree and of the leg veins (7, 8).

Recently, an increased prevalence of varicocele has been
eported in patients with coronary artery ectasia compared
ith patients with coronary artery disease (9). Furthermore,
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n association between coronary artery ectasia and periph-
ral varicose veins has been reported (10). Additionally,
ecreased intima-media thickness of the carotid artery has
een shown in patients with coronary artery ectasia com-
ared with those with coronary artery disease, suggesting
hat the mechanism underlying vascular dilatation might be
systemic vascular abnormality (11). As an indirect relation,

nflammatory pathogenesis has been reported to play a role
n both coronary artery ectasia and peripheral varicose veins
12–14). Although several previous studies have explored
he relationship between peripheral varicose veins and risk
f cardiovascular disease with inconsistent results (15–19),
ardiovascular risk factors have never before been evaluated
n patients with varicocele. In addition to the presence of
ardiovascular risk factors and demographic parameters, we
ssessed the prevalence of peripheral varicose veins in pa-
ients with and without varicocele.

ATERIALS AND METHODS
tudy groups consisted of 52 patients younger than 50 years

ld with varicocele. One hundred male patients aged be-
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iety for Reproductive Medicine, Published by Elsevier Inc.
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ween 14 and 50 years who were admitted to the outpatient
epartment of a urology clinic with any urologic symptom
ther than varicocele-associated symptoms and whose phys-
cal examinations did not reveal any finding of varicocele
ere involved in the control group. Patients who underwent

crotal color Doppler ultrasonography because of scrotal
roblems and whose spermatic veins were found to be nor-
al during these examinations also were enrolled in the

ontrol group. Patients with known collagen vascular disease
nd malignancy were not included in the study.

All the patients were examined for the presence of vari-
ocele during physical examination by a specialist urologist
S.K.). Patients were examined in a warm room after stand-
ng for 5 minutes. The scrotal contents were examined with
alpation for the determination of volume, position, and
onsistency of the testes and epididymis. Each spermatic
ord was palpated with the patient in the supine and upright
ositions with and without the Valsalva maneuver. The
aricocele was graded according to the system of Dubin and
melar as follows (20): grade 1, varicocele palpable only
uring the Valsalva maneuver; grade 2, varicocele palpable
n standing position; and grade 3, varicocele detectable by
isual scrutiny alone. The patients whose physical examina-
ions had inconclusive results were examined with scrotal
olor Doppler ultrasonography. Patients having undergone
urgical or another treatment modality for varicose veins
ere thought to have varicocele. All study patients were

valuated for demographic parameters and cardiovascular
isk factors for coronary artery disease.

The following clinical and demographic parameters were
ecorded: age, body mass index (BMI), weight, height, hy-
ertension (known hypertension treated with antihyperten-
ive drugs, two or more blood pressure recordings greater

TABLE 1
Clinical and demographical characteristics of pa

Patients wi
varicocele (n

Mean age (y) 31 � 10
Hypertension 12% (12/1
Hypercholesterolemia

(cholesterol �200 mg/dL)
32% (32/1

Smoking 29% (29/1
Diabetes mellitus 5% (5/10
Weight (kg) 73 � 10
Height (cm) 172 � 6
BMI 23.9 � 2.
Intima-media thickness (mm) 0.54 � 0.
Peripheral varicose vein 4% (4/10
a Patients with versus patients without varicocele.

Kılıç. Risk factors for varicocele. Fertil Steril 2007.
han 140/90 mm Hg), diabetes mellitus (known diabetes d

370 Kılıç et al. Risk factors for varicocele
reated with diet or drugs or both, or a fasting serum glucose
evel of more than 126 mg/dL), history of coronary artery
isease (angiographically proved coronary lesions �50% or
ocumented myocardial infarction, angina pectoris, previous
ercutaneous coronary intervention, or coronary artery by-
ass grafting), and hypercholesterolemia (known treated hy-
ercholesterolemia or fasting or nonfasting serum choles-
erol concentrations higher than 200 mg/dL). Current
igarette smoking was defined as active smoking within the
ast 12 months.

The patients were then examined clinically by two physi-
ians for the presence of primary varicose veins. Both physi-
ians had to confirm the presence of varicose veins for the
ubject to be characterized as having varicose veins. Primary
aricose veins in the lower limbs were defined as clearly visi-
le, dilated, elongated, or tortuous veins caused by valvular
ncompetence and venous hypertension according to chronic
enous insufficiency guidelines (CEAP [clinic, etiologic, ana-
omic, pathologic] classification) (21). Patients with small sub-
utaneous reticular varicosities or intradermal telangiectasias of
mall venules (spider veins) and patients with a history of
eep-vein thrombosis, congenital heart disease, connective tis-
ue disease, previous coronary angioplasty, or cardiac surgery
ere not included in the study. Patients who had previously
ndergone surgical or other treatment for varicose veins were
lassified as having varicose veins.

tatistical Analysis
umerical variables are expressed as mean � SD, and

ategorical variables are expressed as percentages. Unpaired
-test, �2 test, and Fisher’s exact test, where appropriate,
ere used to compare the baseline characteristics of the

tudy groups. Logistic regression analysis was performed to

ts with and without varicocele.

t
00)

Patients with
varicocele (n � 52) P valuea

30 � 10 .56
17% (9/52) .56
28% (16/52) .61

23% (12/52) .43
6% (3/52) .78
77 � 10 .04

175 � 5 .08
24.4 � 2.5 .23
0.53 � 0.09 .59
17% (9/52) .005
tien

thou
� 1

00)
00)

00)
0)

9
10
0)
etect possible significant associations between presence of
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aricocele and a number of independent variables (height,
eight, and presence of peripheral varicose veins). All tests
f statistical significance were two-tailed and were consid-
red to be significant at a .05 level of statistical significance.
tatistical analyses were performed with SPSS statistical
oftware (version 11.5; SPSS, Chicago, IL).

ESULTS
he baseline characteristics of the study population are pre-
ented in Table 1. Severity of varicoceles was grade 1 in 13
atients (25%), grade 2 in 30 patients (57.7%), and grade 3
n 9 patients (17.3%). Varicoceles were left-sided in 43
atients (82.7%), bilateral in six patients (11.5%), and right-
ided in three patients (5.8%). There were no statistically
ignificant differences between the two groups with respect
o presence of hypertension, diabetes mellitus, hyperlipid-
mia, family history of coronary artery disease, BMI, age,
nd height. The weight of the patients with varicocele was
ignificantly higher than those without varicocele. Preva-
ence of peripheral varicose veins was significantly higher in
atients with varicocele than in those without varicocele
Table 1). Presence of peripheral varicose veins, height, and
eight of the patients were included in regression analysis.
inominal regression analysis did not reveal any significant
ssociation between these variables and varicocele except
he presence of peripheral varicose veins (Table 2). It was
ound that presence of peripheral varicose veins indepen-
ently and positively associated with varicocele (odds ratio:
.8, 95% confidence interval: 1.3–17.9, P�.019).

ISCUSSION
heories about the cause of varicocele range from the in-
reased length of the left side for drainage into the inferior
ena cava, possible compression of the left renal vein be-
ween the superior mesenteric artery and aorta (the “nut-
racker” phenomenon), to absent or malfunctioning venous
alves (22, 23). However, the main cause of varicocele is not
et known.

The main finding of our study is that presence of cardio-
ascular risk factors and demographic variables of the pa-
ients with varicocele is not different from that of patients
ithout varicocele. However, the prevalence of peripheral

TABLE 2
Association of varicocele with height, weight, an

Odds ratio

Weight 1.03
Height 1.02
Peripheral varicose vein 4.8
Kılıç. Risk factors for varicocele. Fertil Steril 2007.
aricose veins in patients with varicocele, which also is an a

ertility and Sterility�
bnormality of the venous system, is significantly higher
han in those without varicocele and is found to be indepen-
ently and positively associated with varicocele.

Because dilatation of the pampiniform plexus is a vascular
bnormality, it is reasonable to expect some association with
ther vascular disorders or their risk factors. Such an asso-
iation has been reported recently: the prevalence of varico-
ele was found to be higher in patients with coronary artery
ctasia, which is aneurysmal dilatation of the coronary artery
9). Although it was not a pathologic study, it raised the
ossibility that the mechanism underlying coronary artery
ctasia might increase further the prevalence of varicocele.
n the other hand, relatively younger patients compared
ith the patients in the literature who had coronary artery
isease might mask the possible differences in our study
opulation with respect to these parameters.

Several previous studies have explored whether an asso-
iation exists between heart disease and varicose veins, but
esults have been inconsistent. Komsuoglu et al. reported a
ower prevalence of angina in elderly individuals with var-
cose veins (15). The Kaiser-Permanente Epidemiologic
tudy of Myocardial Infarction also reported that coronary
eart disease is less frequent in subjects with either varicose
eins or hemorrhoids (16). To the contrary, increased risk for
oronary artery disease was reported by the Framingham
eart Study and the Paris Prospective (17, 18). Scott et al.

howed that varicose veins are associated with a 36% de-
rease in risk of symptomatic coronary heart disease, even
fter adjusting for many other common cardiovascular risk
actors (19). Recently Androulakis et al. showed increased
revalence of varicose veins in patients with coronary artery
ctasia compared with those with coronary artery disease
nd normal coronary arteries (10). The prevalence of vari-
ose veins is significantly higher among patients with coro-
ary artery ectasia compared with age-matched patients with
oronary artery disease but without coronary artery ectasia
nd randomly selected subjects from the general population.
urthermore, in multivariate analysis, coronary artery ectasia

s found to be significantly and independently associated
ith peripheral varicose veins (10).

Varicoceles are presumably an evolutionary consequence
f human beings’ upright posture (24). Although several

esence of peripheral varicose vein.

95% Confidence interval P value

0.99–1.08 .10
0.96–1.1 .43
1.3–17.9 .019
d pr
natomically based theories have been proposed to explain
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he genesis of varicoceles, no single model is uniformly
ccepted. Through cadaveric and venographic studies, sev-
ral characteristic features of pampiniform plexus venous
rainage patterns have been identified that explain how vari-
oceles arise and why there appears to be a predisposition to
eft-sided lesions (25, 26). It is generally agreed that these
natomic findings contribute to an increase in either venous
ydrostatic pressure, venous reflux of blood within the pam-
iniform plexus, or both in patients with varicocele and
esult in abnormal venous dilatation and tortuosity (27).
elaney et al. (28) reported that patients with varicocele are

aller and heavier than the age-matched controls, although
he BMI is not different; these results may be interpreted in
everal ways. Several other studies of the literature also
eported data similar to this finding (29–31). The data may
mply that taller individuals are perhaps more susceptible to
ncreased hydrostatic pressure because of the increased
ength required for drainage of the left spermatic vein. In our
tudy, although height tended to be higher in patients with
aricocele, the weight was significantly higher compared
ith those without varicocele. However, interestingly, mul-

ivariate analysis did not reveal any association between the
aricocele and body habitus. Our finding is in accordance
ith that from a recent study from Greece (32) in which no

ignificant difference in mean height was found between the
choolboys with and without varicocele. The discrepancy in
he varicocele-height connection between the white Euro-
ean males and the Mediterranean males may be a result of
enetic or environmental differences. An alternative expla-
ation is that body height contributes to the pathogenesis of
aricocele in white (tall) European populations but not in the
horter (Mediterranean) populations. Therefore, this topic
emains to be elucidated.

The increased prevalence of peripheral varicose veins in
atients with varicocele highlights the possible association
f these two venous system abnormalities. This finding
aises the possibility that the two abnormalities might share
ommon pathologic mechanisms. A survey of the prevalence
f venous disease in the United States estimated that the
revalence of varicose veins among individuals younger
han 30 years was less than 1% for men and less than 10%
or women. However, in men and women aged 70 years and
lder the estimates increased substantially to 57% and 77%,
espectively (17). We have demonstrated a high prevalence
f peripheral varicose veins in patients with varicocele,
ompared with the Framingham study regarding a relatively
imilar age population. Although no studies have examined
he prevalence in an elderly population, we have recently
eported a relatively high prevalence of varicocele in patients
ith coronary artery ectasia and coronary artery disease (9).
ecause increasing age is known to be a risk factor for the
evelopment of varicosities (33), we can speculate that the
ssociation between peripheral varicose veins and varicocele
ight be stronger with increasing age. It would be a valuable

pproach to consider this association not only in young

dults but also in elderly patients.

372 Kılıç et al. Risk factors for varicocele
Although the main mechanism is not known yet, most
xperts agree that valve reflux is the principal determinant of
aricose veins. However, there is no consensus as to whether
rimary valve incompetence is the initiating event in the
athogenesis of venous disease or the incompetence is sec-
ndary to vein wall dilatation (14, 34–37). Altered collagen
omposition and elastin content in the vessel wall have been
upposed to be responsible for the weakening of the vessel
all (38, 39). An additional contributing mechanism may
e due to chronic inflammation and the release of
ytokines (14).

Cooper et al. reported that primary varicose veins are a
esult of primary wall abnormality predisposing to venous
ilatation, as a precursor to later valvular incompetence and
nally reflux (40). Because this incompetence predominates

n areas that would not be anticipated to suffer the greatest
ressures, a more complex interaction between luminal
orces, and perhaps an unidentified molecular “signal” for
essels to dilate, may be fundamental to the genesis of
aricose veins. Moreover, the fact that many patients with
aricose veins have a significant family history of varicosi-
ies suggests a possible genetic predisposition contributing to
alve incompetence (41).

In conclusion, we have demonstrated that varicocele is not
ssociated with cardiovascular risk factors and demographic
arameters. However, the presence of peripheral varicose
eins is positively associated with varicocele, suggesting a
ossible common pathologic mechanism. Therefore, we rec-
mmend that men with a predisposition to leg varicose veins
hould also be examined for varicocele.
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Azoospermia: is sample centrifugation indicated? A
national survey of practice and the Oxford experience
Alexander Swanton, M.R.C.O.G., Aysha Itani, M.Sc., Enda McVeigh, M.R.C.O.G., and
Tim Child, M.D., M.R.C.O.G.

Oxford Fertility Unit, Women’s Centre, John Radcliffe Hospital, University of Oxford, Oxford, United Kingdom

Objective: Some men with azoospermia on general laboratory testing have low quantities of sperm in the ejaculate
that can only be identified through sample centrifugation and careful examination of the pellet droplets (extended
sperm preparation [ESP]). Such sperm can be used for IVF-ICSI as an alternative to either surgical sperm retrieval
(SSR) or donor sperm. The aims of the present study were to: 1) assess UK IVF clinic practice with regard to ESP
in men with azoospermia; and 2) to analyze the outcome of ESP and SSR in azoospermic men attending the
Oxford Fertility Unit.
Design: National survey of all 70 IVF units plus chart review.
Setting: Assisted conception unit.
Patient(s): One hundred twenty-two azoospermic men referred to the Oxford Fertility Unit.
Main Outcome Measure(s): Proportions of UK IVF clinics performing ESP for azoospermia. Proportions of
azoospermic men in Oxford with sperm identified at ESP and, if necessary, SSR. Relationship between serum
FSH and outcome.
Result(s): In part 1 of the study, 55 (79%) of the 70 UK IVF clinics returned completed questionnaires. Fifty
clinics (91%) routinely performed ESP for men with azoospermia on general laboratory testing, four clinics (7%)
proceeded straight to SSR without prior ESP, and one clinic varied in their approach. When clinics were asked
whether they used serum FSH levels when considering whether to proceed to SSR 28 (51%) did, 9 (16%) did not,
and 18 (33%) varied in their approach. The value placed on testicular volume similarly varied. Part 2 of the study
included 122 men referred to the Oxford Fertility Unit with azoospermia on general laboratory testing.
Eighty-seven men underwent ESP. Motile sperm was found, cryopreserved, and later used during IVF-ICSI
treatment in 19 men (22%). Eighty-one men underwent SSR (after either a negative ESP or declining ESP).
Viable sperm was found in 66 men undergoing SSR (81%). There was a statistically significant relationship
between serum FSH and the chance of retrieving sperm with SSR (P�0.002) but not with ESP.
Conclusion(s): The majority (91%) of IVF clinics in the UK routinely perform ESP in men with azoospermia on
general testing. Only half routinely used serum FSH levels as predictors of SSR outcome. The value of ESP is
confirmed by our findings in Oxford. Twenty-two percent of men with azoospermia on general laboratory testing
had sufficient sperm found at ESP to proceed to IVF-ICSI without resorting to the use of either SSR or donor
sperm. Serum FSH levels were not related to the chance of finding sperm during ESP but were related to the
outcome of SSR. Our results suggest that ESP should be considered for all men with azoospermia and no apparent
obstruction. (Fertil Steril� 2007;88:374–8. ©2007 by American Society for Reproductive Medicine.)

Key Words: Azoospermia, extended sperm preparation, surgical sperm retrieval, FSH
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oncerns have been raised over the reliability and validity of
emen analyses (1). In particular, it is important that the
iagnosis of azoospermia is as accurate as possible, because
he consequences are potentially significant. Couples with
uch a diagnosis may decide to stop treatment, to consider
he use of donor sperm, or to attempt surgical sperm retrieval
SSR) before IVF-ICSI. However, it is apparent that low
uantities of sperm may occasionally be identified using
entrifugation techniques and a thorough microscopic search
hrough many droplets of ejaculate sediment in otherwise
zoospermic men (extended sperm preparation [ESP]). The

eceived May 25, 2006; revised and accepted November 27, 2006.
eprint requests: Tim Child, M.A., M.R.C.O.G., Consultant Gynaecologist
& Subspecialist in Reproductive Medicine, Oxford Fertility Unit, Univer-
sity of Oxford, Level 4, Women’s Centre, John Radcliffe Hospital,
Oxford, OX3 9DU, United Kingdom (FAX: �0044 (0)1865 221031; E-
omail: tim.child@obs-gyn.ox.ac.uk).
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Copyright ©2007 American Society for Reproductive Medicine,
ikelihood of finding sperm with ESP depends on the force of
entrifugation (2, 3) in addition to the cause of azoospermia
nd serum FSH concentration (4, 5). Consequently, ESP is a
otential alternative to SSR for some men with nonobstruc-
ive azoospermia on general laboratory testing (6, 7).

Approximately 40 patients are referred to the Oxford Fertility
nit each year with the diagnosis of azoospermia. This diag-
osis is generally made on the basis of two semen analyses
erformed at least 3 months apart. Semen analyses are most
requently performed via routine microbiology services in the
atients’ local hospital. The sample is then analyzed by the
icrobiology laboratory according to their protocol. However,

ot all district general laboratories have the equipment or per-
onnel to perform a centrifuged analysis.

The aim of the present study was to analyze the figures at

ur unit of men who are referred with azoospermia, subse-

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.121



q
c

M
C
A
c
u
a
a
s
w

E
T
F
y
a
c
h
a
n
a
p
e
T
h
n

t
s
s
w
(
W

w
s

a
c
w
b
i
5
w
u
s
f
u

e
s
o
a
r
w
s
a
s

F

uently determine their further management, and examine
urrent practice in other ART clinics in the UK.

ATERIALS AND METHODS
urrent Practices
questionnaire (Appendix) was sent to all 70 licensed IVF

linics in the UK. The Medical Director (MD) was asked
nder what circumstances, if any, an ESP would be used for
man with azoospermia on repeated general laboratory

nalysis. The MD was also asked if the clinic considered
erum FSH levels and testicular volumes when deciding
hether to proceed to SSR for men with azoospermia.

xtended Sperm Preparation
he charts of 122 consecutive men referred to the Oxford
ertility Unit with azoospermia on general laboratory anal-
sis were examined. Each man had a minimum of two
zoospermic analyses at least 3 months apart. Men were
ategorized as having nonobstructive azoospermia if they
ad a raised FSH level �10 IU/L. Some men had undergone
ttempted reversal of vasectomy. In all the remaining cases,
o obvious cause for obstruction was noted on clinical ex-
mination. Six different hospital laboratories in the region
erformed the initial basic semen analyses. Men either
lected to undergo an ESP or proceeded directly to SSR.
hose men who had azoospermia confirmed at ESP either
ad SSR, no treatment, or were referred for donor insemi-
ation (DI).

The protocol for the ESP is as follows.

The sample was placed in an ungassed incubator at 37°C
o allow liquefaction and examined for the presence of
perm. The volume and pH of the sample was recorded. If no
perm were seen or the count was below 1 � 106, then the
hole sample was prepared using a 40% density gradient

PureSperm; Nidacon Laboratories, Widdington, Saffron
alden, Essex, United Kingdom).

Up to 1.5 mL semen was layered onto the gradient. This
as centrifuged at 300g for 20 minutes, after which the

TABLE 1
Summary of questionnaire survey data from 55 U

Routine
ESP

FSH
used

FSH >10
IU/L

Yes 50 (91%) 28 (51%) 1 (2%)
No 4 (7%) 9 (16%) ND
Sometimes 1 (2%) 18 (33%) ND
Note: ND � no data.

Swanton. Extended sperm preparation in azoospermia. Fertil Steril 2007.
eminal plasma and the top part of the gradient was removed

ertility and Sterility�
nd discarded. A Gilson pipette was used to remove 100 �L
ontaining the pellet from the bottom of the tube. The pellet
as washed twice by placing into 4 mL and 2 mL HEPES-
uffered culture medium (MediCult Sperm Preparation; Med-
cult, Redhill, Surrey, United Kingdom) and centrifuged at
00g for 5 minutes. After the second wash the supernatant
as discarded and resuspended to an appropriate volume,
sually 50 �L, depending on the size of the pellet. A further
lide assessment of motility and concentration was per-
ormed. If motile sperm were seen, the preparation was made
p to 400 �L and frozen.

If no sperm were seen by slide assessment, a more detailed
xamination of the sample was made. 5 �L of the sperm
uspension was added to each end of 3 “long drops” under
il. Each “long drop” was prepared by spreading 10-�L
liqouts of HEPES-buffered media (Medicult Sperm Prepa-
ation) in a Petri dish (Falcon 35; Becton Dickinson Lab-
are, Oxford, United Kingdom). The drops containing the

perm suspension were covered in paraffin oil (MediCult)
nd left to settle for 10 minutes to allow any motile sperm to
wim out of the debris to the edge of the drop. The drops

FIGURE 1

Flow chart showing outcome of investigations for
122 ”azoospermic” men.

linics.

FSH >15
IU/L

FSH >30
IU\L

Other
FSH
value

Testicular
volume

used

11 (20%) 16 (29%) 18 (33%) 18 (33%)
ND ND ND 37 (67%)
ND ND ND ND
K c
Swanton. Extended sperm preparation in azoospermia. Fertil Steril 2007.
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ere then examined for presence of sperm. If sperm were
een, the sample was made up to 200 �L and frozen. If no
perm were seen, the couple were recommended for SSR or
I.

The SSR performed was a standard testicular sperm aspi-
ation under sedation and local anesthetic (8).

tatistical Analysis
isher exact test was used for the analysis of categoric data.

ESULTS
urrent Practices
ifty-five (79%) of the 70 UK IVF clinics returned com-
leted questionnaires (Table 1). Fifty clinics (91%) routinely
erformed ESP for men with azoospermia on general labo-
atory testing. Four (7%) clinics proceeded straight to SSR
ithout an ESP.

In deciding whether or not to proceed to SSR, 28 clinics
51%) routinely considered the serum FSH concentration
Table 1). Nine clinics (16%) did not consider the FSH level
t all, and 18 (33%) varied in their approach. An SSR was
ot recommended by clinics if the FSH level was elevated,
ith 1 clinic (2%) using �10 IU/L, 11 clinics (20%) using
15 IU/L, and 16 clinics (29%) using �30 IU/L. Twelve

TABLE 3
Outcome of 81 surgical sperm removal (SSR) pa

Sperm found
at SSR

FSH not
performed

FSH <10
IU/La

FSH 1
IU

Yes 29 (91%) 24 (89%) 9 (9
No 3 (9%) 3 (11%) 1 (1
Total 32 27
a Fisher exact test: P�.002.

TABLE 2
Outcome of 87 patients who had extended sperm

Sperm found
at ESP VR

No FSH
level

performeda
FSH <10

IU/Lb

Yes 1 (5%) 4 (29%) 6 (26%)
No 20 (95%) 10 (71%) 17 (74%)
Total 21 14 23
Note: VR � vasectomy reversal.
a Excluding patients with vasectomy reversal.
b Fisher exact test: P�NS.

Swanton. Extended sperm preparation in azoospermia. Fertil Steril 2007.
Swanton. Extended sperm preparation in azoospermia. Fertil Steril 2007.

376 Swanton et al. Extended sperm preparation in azoospe
linics (22%) stated that they used a level other than these
hree options and commented that a specific level would not
ecessarily be used but would enable greater prediction of
uccess.

The value placed on testicular volume also varied among
linics (Table 1). When questioned whether testicular vol-
me was used as an indication to perform SSR or not, only
8 clinics (33%) stated that they did. The particular testicular
olume used ranged from 2 to 10 mL, but many stated that
t was subjective.

xtended Sperm Preparation
ne hundred twenty-two men referred to the Oxford Fertility
nit with azoospermia on general laboratory testing were

ncluded in the second part of the study. Of these patients, 32
26%) had had a reversal of vasectomy but were diagnosed
s azoospermic on subsequent semen analysis.

Figure 1 shows the outcome of the 122 azoospermic men
ndergoing ESP and/or SSR. Eighty-seven men elected to
ave an ESP. Table 2 shows the outcome of ESP in these 87
atients: 21 had had vasectomy reversal (FSH not routinely
one); in 14 serum FSH was not measured; and in 52 serum,
SH was not related to the chance of finding sperm (Fisher
xact test: P�NS). Overall motile sperm was found, cryo-

ts.

4.9 FSH 15–19.9
IU/La

FSH 20–29.9
IU/La

FSH ≥30
IU/La

) 2 (40%) 2 (29%) 0
) 3 (60%) 5 (71%) 0

5 7 0

eparation (ESP).

10–14.9
IU/Lb

FSH 15–19.9
IU/Lb

FSH 20–29.9
IU/Lb

FSH ≥30
IU/Lb

(36%) 1 (20%) 2 (33%) 0 (0%)
(64%) 4 (80%) 4 (66%) 4 (100%)
14 5 6 4
tien

0–1
/La

0%
0%

10
pr

FSH

5
9

rmia Vol. 88, No. 2, August 2007
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reserved, and later used during IVF-ICSI treatment in 19
en (22%).

Eighty-one men underwent SSR, either following a failed
SP or by choosing not to have an ESP (Fig. 1 and Table 3).
he serum FSH level was highly significantly related to the
hance of finding sperm at SSR (Fisher exact test: P�0.002).
he data showed that with increasing FSH values, there is a

educed chance of retrieving sperm at SSR (Table 3). The
ajority of the 32 men who did not have serum FSH checked
ere those with a history of vasectomy reversal. Overall,
iable sperm was found, cryopreserved, and later used dur-
ng IVF-ICSI treatment in 66 men (81%).

ISCUSSION
he present U.K. national survey demonstrates that the ma-

ority of assisted conception clinics perform ESP in
zoospermic men. This approach is supported by data from
ur own unit in that ESP identified sperm in 22% of
zoospermic patients. However, the chance of finding sperm
sing ESP in men with azoospermia after attempted vasec-
omy reversal was lower, at 5%. Indeed, in the 66 men with
o history of vasectomy and reversal, the chance of finding
perm at ESP was 30% (20 out of 66). Multiple samples
ere not analyzed, because two basic semen analyses plus an
SP had been performed. If the ESP was unsuccessful, men
ere counseled to move on to SSR, consider DI, or stop

reatment. A further ESP was not recommended in this
ituation. If sperm are identified, further samples are some-
imes taken to increase the number of sperm for subsequent
reatment.

Although semen parameters fluctuate, we feel that per-
orming multiple pellet analyses would not change the man-
gement of the patient.

There have been previous reports with smaller patient
ohorts (Table 4). Ron-El et al. (6) used ESP for 49 men with
zoospermia and identified the presence of sperm in 17
35%). In a further study, Timm et al. (7) analyzed the
resence of spermatozoa and spermatids in the ejaculate of
7 men with nonobstructive azoospermia. Initially only one
ample was analyzed by centrifugation, and if that was
onfirmed as azoospermic then a further sample was pro-

TABLE 4
Summary of findings of extended sperm prepara

Present study

Sample size, n 87
Spermatozoa seen, n (%) 19 (22%)
Spermatids seen, n (%) N/A
Note: N/A � not available.

Swanton. Extended sperm preparation in azoospermia. Fertil Steril 2007.
uced. This was repeated if the second sample was also

ertility and Sterility�
zoospermic. The results are similar to our findings, with
7% of men having viable sperm identified on ESP. No
perm were identified in any of the men undergoing their
hird sample, but in this situation Timm et al. identified
permatids in the ejaculate of 41% of cases. Identification of
permatids was not performed in the present study, but it
ould be a potential option for patients in the future.

The presence of spermatids is possibly more likely in men
ith azoospermia, and, although there have been successful
utcomes (9, 10), the use of spermatids in ICSI-IVF treat-
ent should still be considered experimental (11, 12).

The place of serum FSH levels in predicting outcome is
ot so clear. In particular, the present survey demonstrated
hat only half of clinics routinely used the serum FSH level
s a predictor of success with SSR. In men with elevated
SH levels, even in the presence of reduced testicular vol-
me, a number of studies have shown successful sperm
etrieval (13–15). Raman and Schlegel (16) concluded that
permatozoa recovery was independent of testicular volume
nd serum FSH level, which is consistent with other reports
17). We found the serum FSH level to be predictive of
utcome for SSR but not for ESP. We did not find a cut-off
alue above which an SSR was not to be recommended.
atients are informed of a reduced chance of successful
perm retrieval with an increasing FSH value but not de-
lined treatment.

In conclusion, the present results suggest that ESP should
e considered for all men diagnosed with azoospermia on
eneral testing where there is no apparent obstruction. Serum
SH levels are not predictive of ESP outcome, because
perm may be found even with apparently severe testicular
ailure and FSH levels �20 IU/L. However, serum FSH
evels are predictive of outcome for SSR, although only 51%
f U.K. clinics routinely use FSH to select patients.
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PPENDIX
linic Questionnaire
lease tick appropriate answer.
. Does your unit routinely perform a detailed semen
nalysis (e.g., andrology assessment or extended sperm
reparation) on patients diagnosed as azoospermic in gen-
ral laboratories? Yes Œ No Œ Sometimes Œ

. If no, do you proceed directly to surgical sperm retrieval
SSR)? Yes Œ No Œ Sometimes Œ

. Do you use serum FSH levels to guide whether SSR is
ppropriate? Yes Œ No Œ Sometimes Œ

. If yes, above what FSH level would you not perform SSR?
Please ring answer.) �10 IU/L �15 IU/L �30 IU/

Other
. Do you use testicular volume to guide whether an SSR is
ppropriate? Yes Œ No Œ Sometimes Œ

. If yes, what volume do you use to indicate whether or not
o perform an SSR?
rmia Vol. 88, No. 2, August 2007
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Expression of various CDC25B isoforms
in human spermatozoa
Yen-Ni Teng, Ph.D.,a Chia-Ling Chung, M.Sc.,b Yung-Ming Lin, M.D.,c Hsien-An Pan, M.D.,b

Rui-Wen Liao, M.Sc.,b and Pao-Lin Kuo, M.D.b

a Department of Biotechnology, Chia Nan University of Pharmacy and Science; and b Division of Genetics, Department of Obstetrics
and Gynecology, and c Department of Urology, National Cheng Kung University, College of Medicine, Tainan, Taiwan

Objective: To explore the role of CDC25B protein in postmeiotic germ cells.
Design: In vitro experiment.
Setting: University-based reproductive genetics laboratory.
Patient(s): Fertile and infertile volunteers.
Intervention(s): Reverse transcription-polymerase chain reaction (RT-PCR), real-time RT-PCR, and immuno-
staining for CDC25B.
Main Outcome Measure: Expression profiling of CDC25B in human spermatozoa.
Result(s): Four splicing variants (CDC25B1, B2, B3, and B4) are expressed in human spermatozoa. Immuno-
fluorescence staining showed strong homogeneous staining in the midpiece of spermatozoa, and weak staining in
the principal piece and cytosol of the head. The messenger RNA (mRNA) transcript level of CDC25B was
increased in sperm samples of men with asthenospermia.
Conclusion(s): The expression of CDC25B in different cellular compartments of human spermatozoa suggests
that there are diverse noncell-cycle-related functions of CDC25B in terminally differentiated human germ cells.
(Fertil Steril� 2007;88:379–82. ©2007 by American Society for Reproductive Medicine.)

Key Words: Human spermatozoa, CDC25B, RT-PCR, immunofluorescence staining, real-time RT-PCR
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DC25 proteins are threonine and tyrosine phosphatases that
egulate the cell-division cycle by activating cyclin-dependent
rotein kinases. In mammals, three CDC25 homologues have
een identified and are designated as CDC25A, CDC25B, and
DC25C. All of the CDC25 family members were shown to be
xpressed in mouse testis, but their expression patterns are
ifferent. The CDC25A protein is expressed in spermatogonia,
permatocytes, and round spermatids. The CDC25C protein is
ocalized in late pachytene-diplotene spermatocytes and round
permatids (1,2). The expression patterns of CDC25A and
DC25C suggest that they have roles in the cell-cycle regula-

ion of germ cells. Conversely, CDC25B transcripts were found
o be mainly located in the testicular interstitium and nondivid-
ng Sertoli cells, which suggests that CDC25B may play a role
n somatic cells of the testis (1,2). Further, CDC25B-null mice
ere sterile in females and the oocytes remained arrested at
rophase, whereas the male mice were fertile, which suggests
hat CDC25B may have distinct functions in the female (3). In
ddition, CDC25C-null mice were fertile, and did not display
ny obvious abnormalities (4). The knockout mice for CDC25A
ave not yet been generated.

eceived May 23, 2006; revised November 7, 2006; accepted November
21, 2006.
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The role of CDC25 proteins in human spermatogenesis is
ess clear in humans. We investigated the expression profiles
f CDC25A in the testes of infertile men, and evaluated the
elationship between CDC25A levels and testicular pheno-
ype. We found that the CDC25A protein was expressed
ainly in the spermatocyte, spermatid, and spermatozoa. In

ddition, CDC25A transcript levels were significantly de-
reased in patients with spermatogenic failure, especially in
en with meiotic arrest and Sertoli cell-only syndrome (5).

n another study, we found decreased messenger RNA
mRNA) transcripts of M-phase promoting factor (MPF)
cyclin B1, cyclin B2, and CDC2) and its regulators
CDC25A and CDC25C) in the testes of patients with a
evere spermatogenic defect. However, transcript levels of
DC25B were not significantly different between patients
ith spermatogenic failure and fertile controls (6). These

tudies suggest that CDC25A and CDC25C, but not
DC25B, play key roles in human spermatogenesis.

Recently, Olsen et al. showed that a member of the CDC25
roteins, cdc25.1, is not only essential for normal embryonic
evelopment and germ-cell proliferation, but also controls the
urvival of postmeiotic cells in Caunorhabditis elegans (7). In
umans, high levels of CDC25B were shown to be expressed in
ell-differentiated tissues such as the heart and brain (8). These

tudies imply that CDC25B functions not only in cell-cycle
vents but also in other regulatory pathways. Although
DC25B does not seem to be critical for human spermatogen-
sis, we hypothesize that it still plays certain roles in postmei-

tic germ cells. This study was conducted to investigate the
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xpression pattern of CDC25B in human spermatozoa, and to
xplore the roles of CDC25B in sperm physiology.

ATERIALS AND METHODS
ubjects and Sample Collection
he study was approved by Institutional Review Board of

he National Cheng-Kung University Medical Center,
ainan, Taiwan. Sperm samples were obtained from seven

ertile men with good sperm motility, and 13 infertile men
ith asthenospermia. Informed consent was obtained from

ll enrollees. The age of fertile controls and infertile men
ith astehnospermia was between 25–35 years. After at least
2 hours of abstinence, all samples were collected by mas-
urbation in a clean specimen container, and were allowed to
iquefy at room temperature. All fertile donors had an ejac-
late volume of �2 mL, and a sperm concentration of �20

106 cells/mL, of which �50% were motile and 30% had
ormal sperm morphology according to World Health Orga-
ization guidelines (9). The subject with poor sperm motility
lso had a sperm concentration of �20 � 106 cells/mL, of
hich �20% were motile There was no significant pyosper-
ia, hemospermia, or hyperviscosity in any semen samples.
perm were washed three times with 1� phosphate-buffered
aline, followed by centrifugation at 5,000 � g, and the cell
ellet was immediately frozen at �70°C before future use.

NA Extraction and Reverse Transcription-Polymerase
hain Reaction
otal RNA was isolated from spermatozoa with Trizol

GIBCO BRL, Grand Island, NY), and reverse transcription
as performed using Superscript II RNase H� reverse tran-

criptase (GIBCO BRL), following the manufacturer’s in-
tructions. The CDC25BS 1F–1R primer set was used to
mplify CDC25B 1–4 transcripts, and the primer sequences
ere 5=-GCTTCCTCGCCGGTCACCAC-3= (forward) and
=-CCTGCGGCTGGCCCACTC-3= (reverse) (10). The
DC25B S2F–2R primer set was designed to amplify a
ommon region of CDC25B 1–4 isoforms, and the primer
equences were GGAACCGTGGTATGTCT (forward) and
GACCGAGTGGGTAAC (reverse) (Fig. 1A). A house-
eeping gene, �-actin, was used as internal control. The
mplification profile consisted of 30 cycles of amplification
95°C for 5 minutes, 58°C for 1 minutes, and 72°C for 1
inute). The polymerase chain reaction (PCR) products
ere separated on a 2.0% agarose gel, stained with ethidium
romide, and analyzed by alpha-image (Alpha Innotech, San
eandro, CA).

mmunostaining of Spermatozoa and Confocal Microscopy
otile spermatozoa were spread on a slide and air-dried.

lides were treated with 0.1% Triton X-100, and washed
wice with Tris-buffered saline (TBS), followed by incuba-
ion with rabbit polyclonal IgG (1:1,000) raised against
ouse Cdc25b (catalogue no. sc-326, Santa Cruz, CA) for
0 minutes at room temperature. After washing with TBS, f

380 Teng et al. Expression of CDC25B in human spermatoz
ections were exposed to swine anti-rabbit IgG conjugated
ith fluorescein isothiocyanate (FITC) (DAKO, Carpinteria,
A) for 60 minutes at room temperature, and washed with
BS. Slides were subsequently counterstained with pro-
idium iodide (PI) (Sigma, St. Louis, MO), and mounted.
nother slide stained only with blocking peptide (catalogue
o. sc-326P, Santa Cruz) was used as a control. Labeled
permatozoa were examined, and images were recorded with
Leica TCS SP2 confocal laser scanning microscope (Leica
icrosystems, Mannheim, Germany). The images were vi-

ualized via two single-band-pass filters (488 nm for FITC,
nd 543 nm for PI).

eal-Time Reverse Transcription-PCR and Statistical
nalysis
he CDC25BS2F-2R primer set was used for real-time re-
erse transcription (RT)-PCR, and GAPDH was used as
ndogenous control. To construct a standard curve for each
ene, a complementary DNA (cDNA) fragment generated by
T-PCR was used for 10-fold serial dilution. Real-time PCR
as performed in a LightCycler 3.5 instrument (Roche Ap-
lied Science, Penzberg, Germany) in LightCycler capillar-
es, with the use of a commerically variable master mix
ontaining Taq DNA polymarase and SYBR Green I (Light-
ycler FastStart DNA Master SYBR Green I). The PCR

eaction was carried out in a total volume of 10 �L of
eaction mixture containing 2.5 ng cDNA template, 2 �M
rimer mixture, 4 mM MgCl2, and 1 �L SYBR green I.
eal-time PCR conditions consisted of denaturation at 95°C

or 7 minutes, followed by 60 cycles at 95°C for 5 seconds,
0°C for 5 seconds, and 72°C for 10 seconds. After PCR
mplification, a melting-curve analysis was performed. All
eal-time experiments were run in duplicate. The standard-
urve quantification method was used in this study, and the
lope (S) of the trend line represents the PCR efficiency.
teady-state concentrations of CDC25B were normalized by

he amount of the GAPDH gene (gene-to-GAPDH ratio) in
perm samples of men with asthenospermia and fertile con-
rols. We used GraphPad Prism 4 statistical software (Graph-
ad Software, San Diego, CA) for data analysis. The copy
umbers of GAPDH and transcript ratios of human CDC25B
nd GAPDH genes in asthenospermia subjects and controls
re presented as the mean � SEM. Transcript differences in
atients and normal subjects were analyzed with the un-
aired Student’s t-test. P�.05 was considered significant.

ESULTS
he results of the RT-PCR are shown in Figure 1A. The PCR
mplification by primer set CDC25BS 1F–1R yielded four
ands with a size of 480 base pairs (bp), 399 bp, 522 bp, and
85 bp, corresponding to CDC25B 1–4, respectively (Gen-
ank accession numbers NM_004358, NM_021872,
M_021873, and NM_021874, respectively). The PCR am-
lification by primer set CDC25BS 2F–2R yielded a 209-bp

ragment for a common region of CDC25B 1–4 isoforms.

oa Vol. 88, No. 2, August 2007
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our splicing variants (including CDC25B1, B2, B3, and
4) were detectable by RT-PCR in human spermatozoa (Fig.
B). Under a confocal microscope, spermatozoa showed
trong, homogeneous staining in the midpiece, and a less
ntense signal in the principal piece and the head region of
permatozoa (Fig. 1C). The signal of CDC25B was success-
ully suppressed by the blocking peptide (data not shown).
hrough real-time RT-PCR, we found that the CDC25B

ranscript level was increased in the sperm of men with

FIGURE 1

(A) Genomic structure of CDC25B, and positions of p
domain are alternatively spliced into four variants (B1
divided into a, b, and c. These two exons are contigu
transcription-polymerase chain reaction analysis of C
marker (pGEM; Promega, Madison, WI); lane 1, PCR
products of CDC25BS 2F–2R primer set; lane 3, blan
midpiece of human spermatozoa. Isolated human sp
CDC25B (green) polyclonal antibodies and PI (red). A
midpiece of spermatozoa. The principal piece and th
CDC25B transcript amount is increased in sperm sam
(P�.0001).

Teng. Expression of CDC25B in human spermatozoa. Fertil Steril 2007.
sthenospermia (P�.0001) (Fig. 1D). i

ertility and Sterility�
ISCUSSION

he CDC25B protein is required for progression from
ostsynthetic gap (G2 phase) to mitosis (M phase), and a
umber of reports suggest that CDC25B is the initial activa-
or of cdc2 and cyclin B at mitotic entry (11). The exons and
ntrons in the 5= domain of CDC25B are alternatively spliced
o form various CDC25B isoforms in humans. For the first
ime, we showed there are at least four splicing variants,

ers used for RT-PCR. Exons and introns in the 5=
, B3, B4). Exon 2 is divided into a and b. Exon 6 is
, and are not interrupted by introns. (B) Reverse
5B in human spermatozoa. Lane M, DNA size

ducts of CDC25BS 1F–1R primer set; lane 2, PCR
ntrol. (C) The CDC25B protein is located at the

atozoa were fixed on slides, and stained with
s indicate positive staining of CDC25B in the
ad region show faint green fluorescence. (D) The
s of infertile men (NR) with asthenospermia (AS)
rim
, B2
ous
DC2
pro
k co
erm
rrow
e he

ple
ncluding CDC25B1, B2, B3, and B4 in human spermatozoa.
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xpression of CDC25B in terminally differentiated germ
ells suggests that these CDC25B isoforms may function not
nly in cell-cycle events, but also in other regulatory path-
ays. Recently, novel roles for CDC25B were proposed.
he CDC25B protein was shown to physically interact with
teroid receptors, and it synergizes with histone acetyltrans-
erase, the CREB (cAMP response element-binding)-binding
rotein (CBP), and the p300/CBP-associated factor to en-
ance transcription (12). It is possible that CDC25B func-
ions as a steroid-receptor coactivator in spermatozoa. In
umans, CDC25B2 was also shown to interact with LIM
regulated transcription factors Lin-1, Isl-1, and Mec-3)-
omain protein FHL3 (human four-and-a-half LIM-only
rotein 3). The LIM domain proteins are important regula-
ors of the growth, determination, and differentiation of cells
13). Further work is needed to elucidate functions of various
DC25B isoforms in human spermatozoa.

The present study also showed abundant expression of
DC25B protein in the midpiece and less abundant expres-

ion of the protein in the principal piece and the head region
f spermatozoa. The midpiece of the spermatozoon consists
f helically arranged mitochondria surrounding a set of
ense outer fibers and axonemes. The principal piece also
onsists of dense outer fibers and axonemes surrounded by a
brous sheath. The main difference between the midpiece
nd principal piece is a mitochondrial sheath. Therefore, a
trong immunostaining signal in the midpiece of the sper-
atozoon might suggest an association of CDC25B protein
ith mitochondria. The speckled-type distribution of
DC25B protein in the sperm head suggests that it is located

n the cytoplasm surrounding the condensed nucleus. Ex-
ression of CDC25B in different cellular compartments
trengthens the idea that CDC25B serves diverse functions
n human reproduction.

Many proteins are involved in the regulation of sperm mo-
ility. It was shown that sperm motility is regulated by the cyclic
denosine 3=:5= monophosphate (cAMP)-dependent phosphor-
lation of flagellar proteins in mammals. One of the down-
tream targets of cAMP is protein-kinase A (PK-A), serine/
hreonine kinase (14), and PK-A may regulate flagellar motility
y phosphorylation of downstream targets, e.g., axonemal dy-
ein (15). Calcium signaling is also involved in sperm motility.
perm express various voltage-gated Ca2� channels (16,17).
ome of the voltage-gated Ca2� channels were shown to be
ritical for sperm motility by the use of knockout experiments
n mice (18,19). In addition to cAMP-dependent PK-A path-
ays and Ca2� signaling pathways, other signaling pathways

re likely to play roles. For example, changes in pH also affect
perm motility (20). Given that real-time PCR could not differ-
ntiate different isoforms, no information could be obtained
egarding the transcript level of each isoform. Despite this
ncertainty, the fact that the CDC25B transcript level is in-
reased for poor-motility sperm suggests that CDC25B plays

ertain roles in sperm physiology.

382 Teng et al. Expression of CDC25B in human spermatoz
In conclusion, the present study shows that at least four
DC25B isoforms are expressed in human spermatozoa. The
hysiological roles of different CDC25B isoforms in sper-
atozoa await further investigation.
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MENOPAUSE

Effects on serum lipid and leptin levels of three
different doses of norethisterone continuously
combined with a fixed dose of 17b-estradiol for nasal
administration in postmenopausal women:
a controlled, double-blind study
Camil Castelo-Branco, M.D., Ph.D.,a Santiago Palacios, M.D., Ph.D.,b Francisco Vázquez, M.D.,
Ph.D.,c Jos�e Villero, M.D., Ph.D.,d Javier Ferrer, M.D., Ph.D.,e Carlos Ascaso, M.D., Ph.D.,f

and Juan Balasch, M.D., Ph.D.a
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Objective: To evaluate the effect of intranasal continuous combined hormone therapy on serum lipids and leptin
levels in healthy postmenopausal women.
Design: Multicenter, double-blind, double-dummy, randomized, controlled study conducted in parallel groups.
Setting: Outpatient clinics of three Spanish hospitals and two private health centers.
Patient(s): A total of 333 healthy postmenopausal women aged 40 to 75 years.
Intervention(s): Women were randomly allocated to either one of three different doses of norethisterone (50 mg/
day, 175 mg/day, or 550 mg/day) continuously combined with a fixed dose of 17b-estradiol (350 mg/day) for nasal
administration, or 17b-estradiol at 2 mg/day combined with oral norethisterone acetate at 1 mg/day.
Main Outcome Measure(s): Serum lipid, glucose, and leptin levels were assessed at baseline and after 12, 24, 36,
and 52 weeks of treatment.
Result(s): Overweight women (body mass index >25 kg/m2) had higher baseline leptin levels, but these levels
increased in all groups across the study unrelated to body mass index. Both intranasal and oral therapy had the
effect of increasing the levels of leptin after 24 weeks in healthy postmenopausal women. As expected, total cho-
lesterol and low-density lipoprotein cholesterol levels decreased and high-density lipoprotein levels increased in
the four groups.
Conclusion(s): Body mass index is a strong determinant of serum leptin levels in healthy postmenopausal women;
serum leptin increased in all the hormone therapy regimes. (Fertil Steril� 2007;88:383–9. �2007 by American
Society for Reproductive Medicine.)

Key Words: Intranasal hormone therapy, leptin, lipid profile, body mass index, menopause, estradiol
Menopause is characterized by significant endocrine and
metabolic changes. An increase of body weight (1) and in
total and percentage fat mass (2), as well as a centralization
of body fat with a shift toward an android distribution have
been reported in postmenopausal women (3).

Leptin is a protein mainly produced in adipose tissue, and
its synthesis is related to total body fat (4). Leptin functions as
a satiety hormone, acting on the hypothalamic centers and
decreasing appetite and food intake (5), thereby regulating
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body weight homeostasis (6). Body mass index (BMI) and
body fat mass, mainly subcutaneous adipose tissue, appear
to be the strongest determinants of serum leptin levels in
humans (7–10). Furthermore, serum insulin is strongly asso-
ciated with leptin concentration in human plasma (7, 10). Sex
steroids also seem to influence leptin secretion. Serum leptin
levels were found to be higher in women compared with men
matched for age and BMI (11, 12), and this difference has
been hypothesized to be due either to the different distribu-
tion of body fat or to the effects of the different hormonal mi-
lieu. Leptin increases with progression of puberty in girls (13)
and varies throughout the menstrual cycle (14). Moreover,
estrogen stimulates leptin messenger RNA (mRNA) produc-
tion in rat (15) and human (16) subcutaneous adipose tissue,
Fertility and Sterility� Vol. 88, No. 2, August 2007 383
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implying a direct effect of estrogen on leptin gene expression.
Hormone therapy (HT) seems to prevent or to partially re-
store body composition to premenopausal status (2, 3,
17–20). The mechanisms mediating the effect of estrogens
on body weight and composition have not been fully eluci-
dated. Increased resting metabolic rate (21) and physical
exercise–related energy expenditure (22), decreased activity
of adipose tissue lipoprotein lipase (23), and decreased vol-
untary food intake (24) are proposed mechanisms through
which estrogens prevent weight gain.

Postmenopausal women are reported to have increased
(25, 26), equal (11, 27), or decreased leptin levels (14, 28)
compared with premenopausal women, which is probably re-
lated to concomitant changes in BMI, body composition, and
insulin sensitivity along with declining endogenous estradiol
levels (6, 29). Data from studies evaluating the effect of estro-
gen therapy (ET) or HT on serum leptin levels are conflicting
(26, 30–35). The dose, mode, or route of HT administration,
the addition of a progestin, or possible changes in BMI and
body composition during treatment may explain the discrep-
ancy of these results.

Because of the discordance in previous results regarding
the effect of ET/HT on serum leptin levels, we designed
a comparative study to assess the influence of both oral and
intranasal continuous combined HT on serum lipids and
leptin levels in healthy postmenopausal women.

MATERIALS AND METHODS

Three hundred and forty-nine healthy, postmenopausal
women aged 40 to 75 years were recruited from the outpa-
tient clinics of three Spanish hospitals and two private health
centers. None had undergone hysterectomy, and all had had
their last menstrual period at least 2 years before inclusion.
Postmenopausal status was confirmed hormonally (serum
E2 <110 pmol/L, and FSH >30 mIU/mL). Other inclusion
criteria included normal cervical smear and mammography
within 12 months before inclusion, normal results on transva-
ginal ultrasound with endometrial thickness %4 mm, an en-
dometrial biopsy without hyperplasia or polyps, and blood
tests (lipids, liver enzymes, kidney function, glucose, and
thyroid-stimulating hormone) showing no clinically relevant
abnormalities. Finally, at screening all participants had to
have plasma levels of total cholesterol (TC) %8.0 mmol/L
and total triglycerides (TG) %3.0 mmol/L.

Exclusion criteria included BMI R32 kg/m2; contraindica-
tion for the use of estrogen and/or progestogen; and ear, nose,
and throat disease that might interfere with intranasal drug ad-
ministration. Patients were also excluded for concomitant use
of the following: treatment for menopausal symptoms, chronic
treatment liable to interfere with the coagulation profile, treat-
ment liable to interfere with intranasal administration, and
treatment with enzyme inducers or systemic vasoconstrictors.
Leptin and plasma lipids were analyzed in a subset of Spanish
women participating in an international study who had either
no history of HT use or who had had a washout period of pre-
384 Castelo-Branco et al. Intranasal vs. oral hormone the
vious HT of R6 weeks before the baseline visit and who were
not taking lipid-lowering or weight-lowering drugs.

All participants gave written informed consent before par-
ticipation in the trial, which was conducted in accordance
with the ethical principles stated in the Declaration of Hel-
sinki, with good clinical practices and with the approval of
the central and local institutional review boards.

Study Design

This study, performed in five centers in Spain, included a total
of 349 women and was part of a large international, random-
ized, double-blind, double-dummy study with four parallel
treatment arms including 2016 women. After a screening pe-
riod of 1 to 6 weeks, eligible women were randomized to re-
ceive one of three intranasal sprays containing a fixed dose
of 350 mg of 17b-estradiol plus norethisterone at 50 mg/day
(group 1), norethisterone at 175 mg/day (group 2), or norethis-
terone at 550 mg/day (group 3) (S21405; Institut de
Recherches Internarionales Servier [I.R.I.S.], Courbevoie,
France) plus one placebo capsule. Group 4 took one capsule
containing 2 mg 17b-estradiol plus 1 mg of norethisterone ac-
etate (Kliogest; Novo Nordisk, Bagsvaerd, Denmark) plus one
placebo intranasal spray. The study medication was manufac-
tured, packaged, and labeled by IRIS. Placebo and active treat-
ments were identical in appearance and smell. Centralized,
computerized patient randomization was done by an interac-
tive voice-response system. The treatments were taken daily
in the morning or in the evening at the same time for 52 weeks.

Laboratory Measurements

For assessment of leptin and lipid parameters, venous blood
samples were taken at baseline and on weeks 12, 24, and 52.
Samples taken at the time of premature withdrawal from treat-
ment were considered as samples taken during the next sched-
uled visit. After fasting and refraining from smoking for R10
hours, and no alcohol intake for R24 hours, patients provided
blood samples between 8:00 and 10:00 AM. After 20 minutes of
rest, blood was collected in tubes containing K2-ethylenedia-
minetetraacetic acid (Becton Dickinson, Plymouth, United
Kingdom). Within 1 hour after collection, plasma was sepa-
rated by centrifugation at 1800 � g and 20�C for 10 minutes.
Plasma was divided into aliquots and stored at �20�C until
shipment on dry ice to the central laboratory Bio Analytical
Research Corporation (BARC, Ghent, Belgium).

The following reagents were used: cholesterol esterase-
oxidase (PAP) for TC, polyethylene glycol-cholesterol ester-
ase-oxidase (homogeneous) for high-density lipoprotein
cholesterol (HDL-C), and glycerophosphate oxidase-PAP for
TG. Low-density-lipoprotein cholesterol (LDL-C) was cal-
culated with the Friedewald formula. All reagents were man-
ufactured by Roche Diagnostics (Basel, Switzerland). All
measurements were performed on a Roche Modular P800
(Roche Diagnostics). Overall coefficients of variation were
as follows: 1.4% to 1.7% for TC, 2.1% for HDL-C, 1.1% to
1.5% for TG. Serum levels of E2 and follicle-stimulating
rapy and leptin Vol. 88, No. 2, August 2007



hormone (FSH) were measured on the Roche E-170 Modular
(Roche Diagnostics). Leptin concentrations were measured
by enzyme-linked immunoabsorbent assay (ELISA) using
a commercial kit (BioSource Europe, S.A. Nivelles, Bel-
gium). The sensitivity for leptin with this procedure was
<3.5 pg/mL, and within-assay and between-assay coeffi-
cients of variation were 3.6% and 4.6%, respectively.
Throughout the whole study period, all participants, clinical
investigators, and laboratory personal were blinded as to
the study medication. Unblinding was performed after all
the data had been collected in the database.

Statistical Analyses

Statistical analysis was performed using a personal computer
software package (SPSS 12.0, SPSS Inc. Chicago, IL). Lep-
tin, lipid, and lipoprotein values are expressed as mean �
standard deviation; if the variables were skewed, analyses
were done after log-transformation. Independence or the cor-
relation between two baseline values was tested by Pearson
statistics. Within-group changes over time were tested by
analysis of variance (ANOVA) for repeated measurements.
Hotelling trace was used to evaluate differences in the
week and whether this evolution in time was different for
each therapy (time � therapy). The assumed sphericity test
was used to evaluate the time � therapy intrapatient differ-
ences. Finally, the Student-Newman-Keuls test was used to
evaluate differences between each treatment. Results from
women for whom data were available at baseline and at least
at one other time point were used for analyses; for analysis of
variance and analysis of covariance (ANCOVA) for repeated
Fertility and Sterility�
measurements analysis, the last observation carried forward
procedure was applied for the missing values. P<.05 was
considered statistically significant.

RESULTS

Of the 349 preselected women, 333 were finally included in
this prospective study and were randomly assigned to one
of the four treatment groups. Study patients received either
intranasal HT (group 1: n ¼ 94; group 2: n ¼ 80; group 3:
n ¼ 79) or oral HT (group 4: n ¼ 80) on a continuous basis.
Nine patients were lost to follow-up evaluation, and seven
women discontinued treatment because of adverse effects.
In the intranasal group 3, one woman stopped because of clin-
ical symptoms of venous thrombosis (which, however, could
not be confirmed by vascular Doppler ultrasound in the left
leg). In the oral group (group 4), one woman discontinued be-
cause of venous thrombosis. Two women discontinued treat-
ment due to vaginal bleeding (one in group 1, and one in
group 4), and three women stopped because of breast tender-
ness (one in group 3, and two in group 4).

The baseline demographic, laboratory, and clinical charac-
teristics of the women included in the study are presented in
Table 1. No difference was observed among therapy groups
with respect to demographic parameters or baseline leptin
levels. When we stratified the patients at baseline according
to BMI, the overweight (BMI >25 kg/m2) and obese
(BMI >30 kg/m2) women had higher leptin levels compared
with normal–lean women (BMI %25 kg/m2) (overweight–
obese: 8.59 � 4.7 ng/mL vs. lean: 3.95 � 2.3 ng/mL;
F ¼ 51.191, P<.001) (Fig. 1). Among the overweight
TABLE 1
Baseline demographic characteristics of the postmenopausal women who participated in the study
according to dose and route of treatment.

Treatment

350 mg E2 D
50 mg NET

350 mg E2 D
175 mg NET

350 mg E2 D
550 mg NET

Oral (2 mg E2 D
1 mg NETA)

No. in group 94 80 79 80
Age (years) 55 (6) 56 (5) 56 (6) 55 (6)
Years since menopause 7.89 (4.72) 8.02 (4.85) 8.15 (5.02) 8.22 (5.78)
BMI (kg/m2) 26.1 (3.1) 26.5 (3.4) 26.3 (3) 26.5 (3.7)
W/H ratio 1.23 (0.16) 1.22 (0.08) 1.22 (0.11) 1.22 (0.11)
Cholesterol (mmol/dL) 5.84 (0.83) 5.87 (0.86) 5.84 (0.89) 5.80 (0.93)
HDL (mmol/dL) 1.65 (0.37) 1.62 (0.34) 1.54 (0.34) 1.57 (0.4)
LDL (mmol/dL) 3.69 (0.73) 3.78 (0.75) 3.82 (0.85) 3.72 (0.8)
Triglycerides (mmol/dL) 1.08 (0.54) 1.03 (0.42) 1.05 (0.51) 1.12 (0.61)
Glucose (mmol/dL) 4.87 (0.54) 4.90 (0.51) 4.76 (0.47) 5.13 (1.57)
Leptin (pg/mL) 6.83 (4.29) 7.45 (4.39) 6.85 (5.03) 7.76 (5.17)

Note: Results are expressed as mean � standard deviation. No differences were detected at baseline. BMI, body mass
index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NET, norethisterone; NETA, norethisterone acetate;
W/H ratio, waist/hip ratio.
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women, 71% had leptin values over 5.95 ng/mL whereas in
70% of the women with normal-weight leptin values were
lower than 5.95 ng/mL. Obesity was associated with the high-
est leptin values: over 8 in all cases. There was no evidence of
a relationship between the index waist/hip ratio and leptin
levels (F ¼ 0.926, P¼.503); neither was a correlation
found between glucose and leptin values (correlation¼ 0.084,
P¼.152).

Although leptin levels showed a statistically significant in-
crease between baseline and week 24 in all the treatment
groups (F3¼ 22.933, P<.001), no differences were observed
between week 24 and 52 (Table 2). These increases in leptin
levels due to treatment were not related to BMI (>25 or
<25 kg/m2) (Fig. 2).

As expected, a statistically significant decrease was
observed in TC and LDL-C levels in all the treatment groups
Table 3. According to the Hotelling trace test, changes in TC
and LDL-C levels during follow-up were treatment related
(P¼.011 and P¼.001, respectively).

No statistically significant differences were observed in
HDL-C, triglycerides, or glucose levels in any of the intrana-
sal estradiol/norethisterone treatment groups. On the other
hand, triglycerides increased and HDL decreased at the end

FIGURE 1

Patients stratified at baseline according body mass
index (BMI). Overweight women (leptin ¼ 8.63 �
5.73 pg/mL; 95% CI, 7.56–9.62) and obese women
(leptin ¼ 11.43 � 4.50 pg/mL; 95% CI, 10.12–12.67)
had higher leptin levels compared with normal to
lean women (leptin ¼ 5.03 � 3.13 pg/mL; 95% CI,
4.43–5.62) (F ¼ 51.191, P< .001).
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of the follow-up period in the oral therapy group (group 4).
As expected, aminotransferases (alanine aminotransferase
[ALAT], aspartate amino transferase [ASAT]), gamma-gluta-
myltransferase (gamma-GT), total and free bilirubinemia,
and creatinine did not show statistically significant changes.

DISCUSSION

To our knowledge, this is the first study investigating the
effect of the intranasal route of administration of combined
continuous estrogen plus progestogen therapy on leptin
levels. The main finding was that, although BMI was the
strongest determinant of serum leptin levels in healthy post-
menopausal women, both intranasal and oral therapy had
an increasing effect on leptin levels, which was not related
to the changes observed in BMI. The factors underlying these
changes are still under debate, and some authors have hypoth-
esized that, among other factors, previous postmenopausal
hypoestrogenism may play a role.

In vitro studies seem to indicate that estrogens stimulate
leptin secretion, but in vivo studies are extremely discordant.
In addition, it has been demonstrated that estrogen receptors
are present in adipose tissue (36), and thus might serve as a
mechanism to regulate leptin production. In humans, several
studies have shown increased, unmodified, and decreased lep-
tin levels after menopause. Leptin has been suggested as a pos-
sible mediator of estrogen action on body composition,
though data on leptin determinants in postmenopausal women
have been highly discordant. Postmenopausal women are re-
ported to have increased (25, 26), equal (11, 27), or decreased
leptin levels (14, 28) compared with premenopausal women,
probably related to concomitant changes in BMI, body com-
position, and insulin sensitivity along with declining endoge-
nous E2 levels (29). Furthermore, data on the effect of HT on
serum leptin are highly discordant. Hormone therapy after
menopause has been reported to result in unmodified, in-
creased, or decreased leptin levels (26, 30–35). The dosage
and mode or route of HT administration, and/or the addition
of a progestin might explain the discrepancy in results.

It is also expected that postmenopausal hypoestrogenism
effects on leptin levels may be masked by the changes ob-
served in body composition during this period. Indeed, after
menopause, there is an increase in body weight, BMI, and
fat mass, with a centralization of fat distribution. Thus,
from a theoretical point of view, administration of HT may
stop these changes and even restore a premenopausal pat-
tern, explaining the decreased (26) or unaffected (30, 35,
37) leptin levels found in some studies. On the contrary,
our data suggest an increasing effect on leptin levels with
all schedules, doses, and routes of HT and corroborate data
from previous small, short-term studies (31, 34). Our data
might be explained by the effects of estrogens on the synthe-
sis of leptin, which would be in accordance with the results
of Shimizu et al. (14), who suggested that estrogens regulate
leptin production in rats and humans and that serum leptin
concentration was higher in premenopausal than in postmen-
opausal women. Paolisso et al. (38) also demonstrated that
apy and leptin Vol. 88, No. 2, August 2007



TABLE 2
Mean serum leptin levels in relation to dose and route of treatment.

Treatment

Week
350 mg E2 D
50 mg NET

350 mg E2 D
175 mg NET

350 mg E2 D
550 mg NET

Oral (2 mg E2 D
1 mg NETA)

Baseline 6.8364 (4.29) 7.4514 (4.39) 6.8541 (5.03) 7.7622 (5.17)
12 8.2432 (5.53) 8.9757 (5.58) 9.1081 (6.42) 8.2919 (5.04)
24 10.1023 (7.92) 9.2838 (5.44) 10.4838 (8.93) 9.4054 (5.97)
52 9.6364 (6.42) 10.2649 (6.01) 8.873 (5.86) 9.4135 (5.97)
P < .001 < .001 < .001 < .001

Note: Results are given as pg/mL and expressed as mean� standard deviation. Within each group, statistically significant
differences were observed between baseline and each point of follow-up (F3 ¼ 22.933, P< .001). No differences were
detected among the groups during the follow-up period (F9 ¼ 1.103, P¼ .359). NET, norethisterone; NETA, norethister-
one acetate.
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plasma leptin levels correlated with plasma E2 levels in
healthy, nonobese subjects. In addition to the effects of estro-
gen on leptin levels, the increase in plasma testosterone levels
in postmenopausal women may have an effect on plasma lep-
tin levels; it has been hypothesized that testosterone may have
an inhibitory effect on adipocyte ob gene transcription (39).

In this study, we not only focused on the effect of HT on
plasma leptin levels but also on its relation with BMI. We
also compared the plasma leptin levels of postmenopausal
(obese–overweight and normal–lean) women. We found

FIGURE 2

Serum leptin levels related to body mass index (BMI)
during the follow-up period. Leptin levels (pg/mL)
showed a statistically significant increase from
baseline in both normal and overweight–obese
women (intragroup: F3 ¼ 29.335, P< .001;
intergroup: F3 ¼ 4.586, P< .004).

0

2

4

6

8

10

12

Basal 12 24 52
Weeks of treatment

M
e
a
n

 
L

e
p

t
i
n

 
l
e
v
e
l
s

BMI<25 BMI>25

*
*

*

*

* *

Castelo-Branco. Intranasal vs. oral hormone therapy and leptin. Fertil Steril 2007.
Fertility and Sterility�
that both obese and overweight postmenopausal women
before HT had statistically significantly higher plasma leptin
levels than those observed in the nonobese, and that after
HT the increase in leptin levels was not related either to
changes in BMI or to the route or schedule of HT. This is
in disagreement with data from Konukoglu et al. (31), who
found that increases in plasma leptin levels were significantly
higher in obese than in nonobese subjects after HT. It has
been demonstrated that leptin production increased in several
animal models of obesity, and that leptin levels have been
shown to be positively correlated with body fat mass in hu-
man obesity (39). Moreover, it has been suggested that serum
leptin levels are positively correlated with fat mass in both
obese and postobese state (40). The study by Auverix and
Staels (41) may explain our results because they demon-
strated that leptin resistance in the obese is responsible for
elevated plasma leptin levels in these subjects. As in previous
studies (31, 42), we did not find any correlation among leptin
levels and other metabolic parameters such as plasma choles-
terol, triglycerides, or glucose.

Until now, few studies have investigated the effect of intra-
nasal E2 on the lipid profile (43– 45). Our data suggest a poten-
tially beneficial effect by a decrease in baseline values in TC
and LDL-C in both intranasal E2/norethisterone and oral HT.
In addition, we detected an undesirable increase in TG and
decrease in HDL in the oral group (group 4). These changes
in TC, LDL-C, HDL-C in the oral E2/norethisterone acetate
group are in concordance with the meta-analysis done by
Godsland (46). The absence of an effect on TG observed in
the intranasal groups might be due to a compensative nore-
thisterone effect. Independent of its route of administration,
norethisterone can lower TG and HDL, completely counter-
acting the E2-induced effects (47).

In conclusion, this study has shown that BMI is strongly as-
sociated with serum leptin levels in postmenopausal women,
as it was higher in overweight and obese women compared
387



TABLE 3
Changes in mean lipid and glucose levels related to treatment group.

Treatment

350 mg E2 D
50 mg NET

350 mg E2 D
175 mg NET

350 mg E2 D
550 mg NET

Oral (2 mg E2 D
1 mg NETA)

Cholesterol
Baseline 5.84 � 0.83 5.87 � 0.86 5.84 � 0.89 5.80 � 0.93
Week 12 5.81 � 0.82 5.70 � 0.86 5.45 � 0.74 5.19 � 0.83
Week 24 5.72 � 0.78 5.86 � 0.91 5.44 � 0.90 5.13 � 0.81
Week 52 5.78 � 0.7 5.57 � 0.91 5.47 � 0.79 5.38 � 0.92
P < .001 < .001 < .001 < .001

Triglycerides
Baseline 1.08 � 0.54 1.03 � 0.42 1.05 � 0.51 1.12 � 0.61
Week 12 1.04 � 0.43 1.04 � 0.57 0.87 � 0.35 1.06 � 0.40
Week 24 1.02 � 0.45 0.94 � 0.38 0.98 � 0.51 1.03 � 0.34
Week 52 1.10 � 0.54 0.94 � 0.44 0.92 � 0.42 1.36 � 1.46
P NS NS NS .034

HDL
Baseline 1.65 � 0.37 1.62 � 0.34 1.54 � 0.34 1.57 � 0.40
Week 12 1.67 � 0.36 1.55 � 0.30 1.44 � 0.32 1.36 � 0.25
Week 24 1.74 � 0.38 1.67 � 0.33 1.44 � 0.35 1.45 � 0.28
Week 52 1.75 � 0.34 1.68 � 0.33 1.51 � 0.31 1.44 � 0.24
P < .01 < .05 < .05 < .001

LDL
Baseline 3.69 � 0.73 3.78 � 0.75 3.82 � 0.85 3.72 � 0.8
Week 12 3.66 � 0.70 3.67 � 0.81 3.61 � 0.69 3.35 � 0.78
Week 24 3.51 � 0.7 3.75 � 0.75 3.55 � 0.81 3.21 � 0.79
Week 52 3.53 � 0.61 3.46 � 0.78 3.54 � 0.70 3.33 � 0.79
P < .001 < .001 < .001 < .001

Glucose
Baseline 4.87 � 0.54 4.90 � 0.51 4.76 � 0.47 5.13 � 1.57
Week 12 4.78 � 0.54 4.87 � 0.48 4.80 � 0.53 4.91 � 0.70
Week 24 4.81 � 0.48 4.86 � 0.50 4.95 � 0.57 4.84 � 0.55
Week 52 4.83 � 0.52 4.98 � 0.46 4.80 � 0.50 5.21 � 1.75
P NS NS NS NS

Note: Statistically significant differences were observed among study groups in levels of cholesterol (F: 2.405, P¼ .011),
triglycerides (F: 1.955, P¼ .043), and high-density lipoprotein (HDL; F: 3.354, P¼ .001) during the follow-up period. Intra-
group differences are shown in the table. Results are given in mmol/dL and expressed as mean � standard deviation.
LDL, low-density lipoprotein; NET, norethisterone; NETA, norethisterone acetate; NS, not statistically significant.
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with normal and lean women of the same chronological and

menopausal age. Furthermore, the three different doses of

norethisterone continuously combined with a fixed dose of

17b-estradiol (350 mg/day) for nasal administration, and

oral 17b-estradiol at 2 mg/day combined with norethisterone

acetate at 1 mg/day, had an increasing effect on serum leptin

levels that was not related to the changes observed in BMI dur-

ing the follow-up period. Further studies are required to verify

the exact role of intranasal or oral HTon leptin production and

function in postmenopausal women.
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OVULATION INDUCTION
Simple tools for assessment of ovarian reserve (OR):
individual ovarian dimensions are reliable predictors
of OR
Stacea Bowen, M.D.,a John Norian, M.D.,a Nanette Santoro, M.D.,b and Lubna Pal, M.B., B.S., M.S.b

a Department of Obstetrics and Gynecology and Women’s Health; and b Division of Reproductive Endocrinology and Infertility,

Albert Einstein College of Medicine, Bronx, New York

Objective: To determine the association between individual ovarian dimensions, advancing age, and declining
ovarian reserve (OR) in an infertile population.
Design: An ongoing prospective observational study.
Setting: Academic infertility practice.
Patient(s): Sixty-nine premenopausal women presenting for the evaluation and management of infertility.
Intervention(s): Transvaginal ultrasound assessment of the ovarian dimensions (length, width, and overall diam-
eter in cm) and evaluation of the OR status by measuring serum levels of FSH and E2 in the early follicular phase of
the menstrual cycle.
Main Outcome Measure(s): Relationship of the individual ovarian dimensions to age (years) and OR (reflected by
historical maximal FSH levels).
Result(s): A statistically significant decrease in three ovarian size parameters accompanied advancing age (ovar-
ian width, r ¼ �0.30; ovarian length, r ¼ �0.24; and the mean overall ovarian diameter, r ¼ �0.30). Levels of
FSH demonstrated a significant and linear correlation with age (r ¼ 0.39). Increasing levels of FSH (and hence
declining OR) were associated with statistically significant declines in the mean ovarian width (r¼�0.39), length
(r ¼ �0.38), and overall mean ovarian diameter (r ¼ �.42), Patients with a known diagnosis of diminished OR
demonstrated significantly reduced ovarian dimensions compared with patients with other infertility etiologies.
Multivariate linear regression analysis confirmed individual ovarian measurements (width, length, and overall di-
ameter) as independent predictors of OR (FSH levels) after adjusting for parameters that are known to influence
ovarian size, i.e., age, smoking status, body mass index, and anovulation history. Ovarian width emerged as the
strongest predictor of OR (largest b coefficient and hence the strongest association with OR status), compared
with ovarian length and the mean ovarian diameter.
Conclusion(s): Single ovarian dimensions are reliable predictors of advancing age and declining OR status in pre-
menopausal infertile women. The magnitude of this association is most robust for the ovarian width. (Fertil Steril�

2007;88:390–5. �2007 by American Society for Reproductive Medicine.)

Key Words: Ovarian reserve, infertility, ovarian diameter, ovarian size, FSH
Ovarian reserve (OR), a term that has evolved in the era of
assisted reproductive technology, refers to the residual
oocyte–granulosa cell repertoire that, at any given age, is
available for procreation. Both quantitative and qualitative
deteriorations in the oocyte complement, and therefore a wan-
ing OR, are recognized phenomena associated with advanc-
ing age (1–5). Although a decline in OR thus accompanies
chronological aging, an acceleration in this process appears
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to occur in a subset of premenopausal women. This latter oc-
currence is evidenced by suboptimal responses to attempts at
ovarian stimulation, as seen in a proportion of young women
undergoing treatments for infertility and by the recent recog-
nition that this subset of women may be destined for transi-
tion into menopause at a younger age (6–8).

A spectrum of markers prognostic of OR are validated to
varying degrees in the infertile population. These include
biochemical markers (FSH, estradiol-E2, inhibin B, anti-
Müllerian hormone, FSH-LH ratio) (9–19) and ovarian mor-
phometric markers (ovarian volume, antral follicle count, and
mean ovarian diameter) (11, 20–23) that are assessed in the
early follicular phase (basal) of the menstrual cycle. Dynamic
assessment of OR by methods such as the clomiphene citrate
challenge test (11, 24–26), exogenous FSH ovarian response
0015-0282/07/$32.00
, Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.175
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test (27), and the GnRH-analogue stimulation test (28) im-
proves sensitivity of OR assessment, albeit at the expense
of inconvenience and increasing cost (14–17, 24–26, 29).

Despite the limitations (absence of a clear cutoff level
signifying diminished OR, intercycle variability (30), and
interlaboratory variability, depending on assay used), basal
FSH levels are commonly utilized for OR assessment in rou-
tine clinical practice (9–11). Furthermore, historical ele-
vated basal FSH levels, despite subsequent normalization,
have been shown to be predictive of poor outcome after
IVF (31).

In a recent study, Frattarelli et al. (32) validated a simplified
two-diametral formula (V¼ (D1þ D2)/2) for the assessment
of OR. Those investigators demonstrated that mean ovarian
diameter (length þ width/2) provided a comparable degree
of predictability of OR as the ovarian volume in infertile
women undergoing assisted reproductive technology (32).
Taking this approach a step further, we set out to evaluate
whether the simple assessments of individual ovarian diame-
ters (length and width) in the early follicular phase of men-
strual cycle, as currently used in our clinical practice,
reliably reflect OR status (as reflected by historical maximal
FSH and chronological age) in our patient population. We
furthermore aimed to independently assess the strength of as-
sociations between OR and the individual ovarian parameters
(length and width) after adjusting for factors that are known
to influence ovarian dimensions.

MATERIALS AND METHODS

Infertile patients attending a tertiary-care infertility practice
in the early follicular phase of their menstrual cycles were of-
fered participation in a prospective observational study from
April 2004 to July 2005. The study was approved by the Clin-
ical Center for Investigations at Albert Einstein College of
Medicine and the institutional review board at Montefiore
Medical Center. Inclusion criteria comprised female partners
of infertile couples attending our facility for management of
infertility and presenting in the early follicular phase of the
menstrual flow (cycle days 1–3). Written and signed in-
formed consents were obtained.

At each visit, patients underwent evaluation of ovarian
morphometry by transvaginal ultrasound (Aloka 1400, Phil-
lips, 7.5 MHz). Serum samples were collected in the early
follicular phase (days 1–3) of the menstrual cycle. Samples
were stored at �80�C until the assessment of markers of
OR (FSH and E2) by electrochemiluminescence immunoas-
says (Roche Elecsys 1010, Roche Diagnostics, Indianapolis,
IN; E2, minimal detection limit: 5 pg/mL, intra-assay CV:
5.7%, and interassay CV: 6.2%; and FSH, minimal detection
limit: 0.10 mIU/mL, intra-assay CV: 1.8%, and interassay
CV: 5.3%). Patient’s height (in.) and weight (lb) were re-
corded, and body mass index was calculated (kg/m2).

Ultrasound evaluation of the ovaries was performed as per
routine clinical practice by members of the clinical team that
Fertility and Sterility�
included trained registered nurses and reproductive endocri-
nology and infertility fellows in training, under the direct
supervision of board-certified or eligible reproductive
endocrinology attending physicians. Ovarian images were
obtained in the sagittal and coronal planes, and the frozen im-
age reflecting the largest ovarian dimensions was used for the
measurement of ovarian length and width (in cm) as per stan-
dard clinical practice. Mean values were calculated for ovar-
ian length (right ovarian length þ left ovarian length/2),
width (right ovarian width þ left ovarian width/2), and over-
all diameter (mean length þ mean width/2).

Patients were asked to complete a questionnaire enquiring
about demographic information (race, education, ethnicity)
and medical and social (smoking, alcohol) histories. The eti-
ology for infertility was abstracted from patient records, as
were the maximal reported values for early follicular phase
FSH for each patient. The assessment of OR was based on
the maximal FSH levels (historical or current) available for
each patient and the chronological age (years).

Statistical Analysis

The main outcomes of interest were the independent associ-
ations of individual ovarian measurements (mean ovarian
width, length, and overall diameter) with OR (FSH and
age) in the premenopausal infertile women. Data were ana-
lyzed and confirmed to meet the Gaussian distribution for
subsequent assessments by Pearson’s correlation and Stu-
dent’s t-test analyses to determine the associations between
OR parameters and the individual ovarian measurements. As-
sessments of the associations between the individual ovarian
measurements and a known diagnosis of diminished OR were
made by using a two-tailed Student’s t-test.

Multivariate linear regression models were created to deter-
mine the relationship between the individual ovarian parame-
ters and FSH, after adjusting for confounders that are
recognized to influence ovarian dimensions, specifically age,
smoking status (33, 34), a diagnosis of anovulation (35–37),
and body mass index (38–40). Because of the significant cor-
relation between the individual ovarian measurements, and
therefore the risk of collinearity if incorporated within a single
regression model, separate linear regression analyses were
conducted, incorporating one of the three measurements at
a time to assess the magnitude of association (b coefficient)
between the individual ovarian measurements and FSH levels.
We used STATA software (Intercooled STATA 8.2 for
Windows, StataCorp, College Station, TX) for analysis, and
a P value of < .05 was considered statistically significant.

RESULTS

Sixty-nine patients were enrolled over the study period. Table 1
demonstrates the patient demographics and characteristics.
The continuous data are reported as mean � SD (range). The
mean age of patients was 34.53 � 4.50 years (21–44 y). The
mean value for the maximal reported FSH levels in the study
population was 8.46 � 3.70 mIU/mL (3.47–20 mIU/mL).
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Demographic information was available for 61 (88.40%)
of 69 patients. The majority of patients (65.57%) were Cau-
casian; of the participants, 11.48% were Asian, and 16.39%
were black, with ethnicity unknown for 6.56%. The common-
est etiologies for infertility were anovulation (24.64%, 17/69)
and male factor (21.74%, 15/69), followed by diminished OR
(14.49%, 10/69), unexplained infertility (15.94%, 11/69),
tubal disease (13.04%, 9/69), more than one etiology
(5.80%, 4/69), and other diagnoses not specified (4.35%,
3/69). None of the enrollees had undergone a prior unilateral
oophorectomy. Fifteen percent of the patients reported a his-
tory of smoking.

Adequate visualization of both ovaries was achieved in all
the cases, and the average values (cm) for the individual mean
ovarian measurements were as follows: length, 4.60� 1.01 cm
(2.66–7.90 cm); width, 2.96 � 0.84 cm (1.65–5.68 cm);
and overall diameter, 5.27 � 1.24 cm (3.25–9.31 cm). In
a subsample of patients (n ¼ 8), after the initial ovarian mea-
surements performed by the clinical staff members, repeat

TABLE 1
Patient characteristics and ovarian reserve
parameters.

Variable Mean ± SD (range)

Age (y) 34.53 � 4.50 (21–44)
BMI (kg/m2) 27.15 � 6.96 (19.11–56.12)
FSHa (mIU/mL) 8.46 � 3.70 (3.47–20)
Ovarian length (cm) 4.60 � 1.01 (2.66–7.90)
Ovarian width (cm) 2.96 � 0.84 (1.65–5.68)
Overall ovarian

diameter (cm)
5.27 � 1.24 (3.25–9.31)

Note: BMI ¼ body mass index.
aHistorical maximal FSH level for the patient.

Bowen. Individual ovarian dimensions predict ovarian reserve. Fertil Steril
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measurements were performed by a single investigator
(L.P.) to assess the interobserver variations in ovarian dimen-
sions. A reassuring interobserver consistency in the individ-
ual ovarian measurements was confirmed (r ¼ 0.95, P<.001
for ovarian length and r ¼ 0.90 and P¼.002 for ovarian
width), with CVs of 3.90% and 1.64% for length and width,
respectively.

A decrease in the ovarian size parameters (length, width,
and overall diameter) accompanied advancing age; this
relationship was statistically significant for each of the
three ovarian dimensions, i.e., ovarian width (r ¼ �0.30,
P¼.01), ovarian length (r ¼ �0.24, P¼.04), and the mean
overall diameter (r ¼ �0.30, P¼.01; Fig. 1). Levels of
FSH demonstrated a significant and linear correlation with
age (r ¼ 0.39, P<.01). Increasing levels of FSH (and hence
declining OR) were associated with a significant decline in
the mean ovarian width (r¼�0.39, P<.01), the mean length
(r ¼ �0.38, P<.01), and the overall mean ovarian diameter
(r ¼ �0.42, P<.01; Fig. 2). The association between FSH
levels and individual ovarian measurements was thus compa-
rable to that of FSH with age. Patients diagnosed with dimin-
ished OR demonstrated significantly lower parameters for
each of the ovarian dimensions (ovarian width, 2.39 � 0.78
cm, P<.01; length, 3.95 � 0.74 cm, P¼.01; and mean ovar-
ian diameter, 4.36 � 1.13 cm, P<.01), compared with pa-
tients with other etiologies for infertility (ovarian width,
3.09 � 0.80 cm; length, 4.74 � 1.00 cm; and mean ovarian
diameter, 5.46 � 1.18 cm).

Multivariate linear regression analysis confirmed the indi-
vidual ovarian measurements (width and length as well as
overall diameter) as independent predictors of FSH levels af-
ter adjusting for parameters that are recognized to influence
the ovarian size, i.e., age (as demonstrated earlier by the
data presented), smoking status, body mass index, and anov-
ulation history. The adjusted analyses demonstrated the ovar-
ian width to be a stronger predictor of FSH levels (larger
b coefficient and hence stronger association with OR status),
compared with mean ovarian length or diameter (Table 2).
FIGURE 1

Significant and inverse correlation is demonstrated between advancing age and declining individual ovarian
dimensions.

Bowen. Individual ovarian dimensions predict ovarian reserve. Fertil Steril 2007.
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FIGURE 2

Significant and inverse correlation is demonstrated between declining ovarian reserve (increasing FSH levels)
and individual ovarian dimensions.

Bowen. Individual ovarian dimensions predict ovarian reserve. Fertil Steril 2007.
The statistical models overall explained between 24%–27%
of the variability in FSH levels.

DISCUSSION

An improved ascertainment of the OR status may help opti-
mize the planned therapeutic intervention and thus minimize
the emotional and financial strain placed upon couples seek-
ing fertility treatment. The expanding list of tests predictive
of OR reflects the ongoing quest for reliable, efficient, afford-
able, and simple methods that can be incorporated into the
day-to-day clinical practice. Although the ellipsoid ovarian
volume as assessed by transvaginal ultrasound (32) has dem-
onstrated prognostic value in terms of quantitative ovarian re-
sponse (21), with minimal interobserver and intra-observer
variability (41), this requires an additional third- dimensional
measurement that may not be performed in routine clinical
practice. Assessment of the OR by measurement of the ovar-
ian volume is thus somewhat cumbersome (32), and even
though the time spent in procuring the additional third mea-

TABLE 2
Magnitude (b coefficient) and reliability of
associations (P value) between individual
ovarian measurements and ovarian reserve
(FSH levels).

Ovarian
parameter (b coefficient) P value R2

Width (cm) �1.17 .01 0.26
Length (cm) �0.78 .02 0.24
Diameter (cm) �0.78 < .01 0.27

Note: Data are adjusted for parameters known to influ-
ence ovarian size (age, body mass index, smoking
status, and a history of anovulation). All P values are
statistically significant.

Bowen. Individual ovarian dimensions predict ovarian reserve. Fertil Steril

2007.
Fertility and Sterility�
surement may not amount to much for an individual patient,
the cumulative minutes accrued in a busy clinical practice
may be meaningful.

Our review of the literature has yielded two published re-
ports addressing a simpler ovarian morphometric assessment
that uses the mean ovarian diameter as a prognosticator of OR
status (11, 32). In a retrospective study by Frattarelli et al.
(11), ovarian measurements were performed by transvaginal
ultrasound in the early follicular phase of the menstrual cycle
in 278 patients. The investigators demonstrated an inverse as-
sociation between the ovarian diameter (computed as an av-
erage of length and width) and age, basal FSH levels, and the
basal FSH-LH ratio. Statistical methodology used in the men-
tioned reports (11, 32), however, has been limited to a corre-
lation analysis without addressing the potential confounding
influences.

We have attempted to explore the associations of the indi-
vidual ovarian measurements (i.e., ovarian length and width)
as well as the overall mean ovarian diameter (average of the
length and width) independently with the OR, as reflected by
the highest reported FSH value for each participant, as well as
with advancing age. Our data confirm that the individual
ovarian parameters (width, length, or an average of the
two) reliably reflect OR in premenopausal infertile women.
We have further attempted to adjust for potential confounders
that may influence ovarian size, including a history of smok-
ing (33, 34) and ovulatory status (i.e., larger ovarian size as-
sociated with anovulatory status, specifically polycystic
ovary syndrome (35–37)), as well as the body mass index
(37–39). Although all the three ovarian measurements dem-
onstrate a negative association of statistical significance
with increasing FSH levels (and hence declining OR) and
with advancing age, the magnitude of these associations
was most robust for ovarian width. Although larger mean
ovarian length measurements (5 cm) were noted in our pa-
tients diagnosed with PCOS compared with those with other
infertility etiologies (4.6 cm), this difference was not of sta-
tistical significance (P¼.81).
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Our data demonstrate that although all three of the individ-
ual ovarian dimensions are reliable prognosticators of OR, as
reflected by the FSH levels, the mean ovarian width exhibits
a more robust relationship with OR status compared to the
ovarian length or the average of the two dimensions. Future
clinical and research endeavors should focus on validation
of these simple tools that are commonly used in day-to-day
clinical practice for the assessment of OR status.
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Role of treatment with ovarian stimulation and
intrauterine insemination in women with unilateral
tubal occlusion diagnosed by hysterosalpingography

Jacob Farhi, M.D., Avi Ben-Haroush, M.D., Yehezkel Lande, M.D.,
and Benjamin Fisch, M.D., Ph.D.

Infertility and In Vitro Fertilization Unit, Department of Obstetrics and Gynecology, Helen Schneider Hospital for Women,
Rabin Medical Center, Petach Tikva; and Department of Obstetrics and Gynecology, Sackler Faculty of Medicine, Tel Aviv
University, Tel Aviv, Israel

Objective: To assess the value of controlled ovarian hyperstimulation (COH) and IUI in women with unilateral
tubal occlusion diagnosed by hysterosalpingography. Hysterosalpingography (HSG) is the most common screen-
ing test for tubal pathology. The management of patients with unilateral tubal occlusion is vague, and studies of
treatment results with COH and IUI are scarce.
Design: Retrospective, case-controlled study.
Setting: Referral infertility clinics of a national health service.
Patient(s): The study group consisted of 62 consecutive patients treated at our centers for isolated unilateral tubal
occlusion by HSG between 1998–2005. In all cases, menstrual cycles were regular, and day-3 FSH levels and
sperm counts were normal. The control group consisted of 115 patients with unexplained infertility treated during
the same time period.
Intervention: All patients were treated primarily with three consecutive cycles of COH and IUI, with the use of
standard protocols of ovarian stimulation with gonadotropins. Data analysis included basic clinical parameters,
response to ovarian stimulation, inseminated sperm parameters, and pregnancy rates (PRs).
Main Outcome Measure: Cumulative PR for three cycles of COH and IUI.
Result(s): There were no between-group differences in basic clinical and sperm parameters. The cumulative PRs
after three cycles of COH and IUI were 30.9% for the study group, and 42.6% for the control group. The
cumulative PR in women with mid-distal or distal tubal occlusion was lower, but not of greater statistical
significance, than in women with proximal tubal occlusion (19% versus 38.2%), and was significantly lower than
in women with unexplained infertility (19% versus 42.6%).
Conclusion(s): Controlled ovarian hyperstimulation with IUI should be suggested as the initial treatment of choice
in patients with unilateral proximal tubal occlusion. The results are similar to those in patients with unexplained
infertility. However, the outcome of COH with IUI is worse in patients with mid-distal or distal tubal occlusion
on HSG, who should be referred for laparoscopic assessment or IVF. (Fertil Steril� 2007;88:396–400. ©2007 by
American Society for Reproductive Medicine.)

Key Words: Unilateral tubal factor infertility, hysterosalpingography, ovulation induction, intrauterine insemina-
tion, pregnancy
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athologic tubal conditions account for 30%–40% of cases
f infertility (1). In most patients, hysterosalpingography
HSG) is the screening test used to determine tubal patency.
aparoscopy with dye chromopertubation is considered the
old standard for diagnosing tubal and pelvic abnormalities,
ut it may not be recommended in many patients for com-
leting or validating the diagnosis made by HSG, because it
arely prompts a change in the HSG-based treatment ap-
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roach (1,2). Others suggest the use of Chlamydia serology
s a screening test for tubal infertility (3).

The management of patients with normal bilateral tubal
assage or with bilateral tubal blockage diagnosed by HSG
s clear and straightforward. This is not true for patients with
nilateral tubal patency (unilateral tubal factor), for whom
here are three possible approaches: [1] the surgical or cor-
ective approach via laparoscopy, catheterization, or opera-
ive hystero-falloposcopy to achieve recanalization; [2] the
ssisted reproductive approach to bypass the problem; and
3] the medical approach, using controlled ovarian hyper-
timulation (COH) and IUI to achieve pregnancy with the
vailable patent tube.

However, the information available to date on pregnancy

ates (PRs) after COH and IUI in patients with HSG findings

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.187
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f unilateral tubal occlusion remains scanty. The aim of the
resent study was to investigate the value of COH and IUI in
hese patients.

ATERIALS AND METHODS
atient Selection
he study group consisted of all consecutive women referred

o two infertility clinics of a single national-health authority
etween 2001–2005, who met the following criteria: [1] age
38 years; [2] regular menstrual cycles with normal day-3

esults for FSH, LH, PRL, and TSH; [3] normal sperm
arameters; and [4] findings on HSG with water-based con-
rast agents of a normal uterine cavity, and normal transfer
nd spill from one fallopian tube. All women were treated by
he same physician (J.F.) with the same COH and IUI
rocedure, and all completed three cycles of COH and IUI,
nless pregnancy occurred in the first two cycles.

The control group consisted of all patients with unex-
lained infertility who were treated during the same period
f time and who met the same inclusion criteria, except for
ormal findings on HSG. Data were collected retrospec-
ively; therefore, institutional review board approval was not
eeded.

rotocol for COH and IUI
n all cycles, exogenous gonadotropin stimulation was begun
ith the use of recombinant FSH (Gonal F; Serono, Zug,
witzerland) or urinary gonadotropins (Menogon; Fering,
openhagen, Denmark). The initial dose in the first treat-
ent cycle was 1.5 ampoules or 112.5 IU, starting on day 5

f the menstrual cycle. The ovarian response was monitored
y the follicular growth and serum E2 levels starting on day
or 6 of stimulation, and the dose of FSH or hMG was

djusted accordingly every 1–3 days.

The timing of hCG administration was based on the presence
f a leading follicle of �17 mm; hCG was withheld if �6
ollicles on both ovaries, measuring �14 mm, developed. Pa-
ients received 10,000 IU of urinary hCG (Chorigon; Teva,
etah Tiqva, Israel, or Pregnyl; Organon, Oss, the Netherlands)
r 250 �g of recombinant hCG (Ovitrelle; Serono). Intrauterine
nsemination was performed 24 hours and 48 hours after ad-
inistration of hCG, except over weekends, when it was per-

ormed once, 36 hours after administration of hCG. Either a
ashout or swim-up methods of sperm preparation were used,
epending on the parameters of the sperm sample.

A serum pregnancy test was performed 15–19 days after
dministration of hCG. In pregnancy cycles, ultrasound was
erformed 4–5 weeks after administration of hCG. Clinical
regnancy was defined as the presence of a fetal heartbeat on
ltrasound scan. None of the patients was lost to follow-up
etween the first three consecutive COH and IUI cycles,
regnancy tests, and ultrasound scans (in the pregnant

omen). o

ertility and Sterility�
tatistical Analysis
he SPSS statistical package, version 10.0 for Windows

SPSS, Inc., Chicago, IL), was used for data management
nd analysis. Analyses included the Mann-Whitney test for
onparametric continuous data, and the chi-square test for
ategorical data. Cox regression, adjusted for maternal age,
as used to compare cumulative PRs. Differences were

onsidered significant at P�.05.

ESULTS
he initial sample consisted of 115 women with unexplained

nfertility, and 62 women with tubal infertility. After HSG,
nd between treatment cycles, spontaneous pregnancy oc-
urred in 14 women (12.2%) and seven women (11.3%),
espectively (P�.862), who were excluded from further
nalysis.

There were no between-group differences in basic clinical
nd sperm parameters (Table 1), except for the significantly
igher rate of previous abdominal operations or extrauterine
regnancies in the women with unilateral tubal infertility.

The cumulative PRs after three cycles of COH and IUI
ere 17/55 (30.9%) in the study group, and 42/101 (42.6%)

n the control group (P�.142) (Fig. 1). The cumulative PR
as lower in the women with mid-distal tubal occlusion than

n the women with proximal tubal occlusion, but the differ-
nce did not reach statistical significance (4/21 or 19%
ersus 13/34 or 38.2%, respectively; P�.135; odds ratio
OR], 0.38; 95% confidence interval [CI], 0.10–1.38) (Fig.
). The cumulative PR in the women with mid-distal tubal
cclusion was significantly lower than in the women with
nexplained infertility (4/21 or 19% versus 43/101 or 42.6%,
espectively; P�.044; OR, 0.31; 95% CI, 0.1–1.0).

Within the group of women with mid-distal tubal occlu-
ion, the cumulative PR was similar between those with and
ithout hydrosalpinx or sactosalpinx (1/7 or 14.3% versus
/14 or 21.4%, respectively; P�.694). Two of the pregnan-
ies in women with proximal occlusion were extrauterine
tubal). None of the treatments were complicated by pelvic
nflammatory disease.

ISCUSSION
o the best of our knowledge, this is the first study to report

he cumulative PR in a large sample of women with unilat-
ral tubal occlusion diagnosed by HSG who were treated
ith a single management protocol of three consecutive
OH and IUI cycles. There were two key findings in the

tudy: [1] Overall, the cumulative PR with three cycles of
OH and IUI in women with unilateral tubal factor infertil-

ty diagnosed by HSG as the sole abnormal parameter in
heir infertility investigation is similar to the cumulative PR
n women with unexplained infertility and normal HSG
ndings. [2] In a subgroup of these women with mid-distal

cclusion of a single tube, the results for COH and IUI were
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nferior, and the cumulative PR for three cycles was only
9%.

The diagnosis by HSG in infertile women designates a
pecific approach. Clinicians generally agree that if HSG
ndings are normal, diagnostic laparoscopy can be delayed
r omitted, because the probability that it will reveal tubal
cclusion is very low (1,2). An HSG finding of bilateral
ubal occlusion is an indication for either laparoscopy, to
stablish the diagnosis, or IVF. However, in patients with
nilateral tubal occlusion on HSG, management is vague.
he physician has to choose between [1] further evaluating

he pelvis with laparoscopy, [2] repeating the HSG with or
ithout catheterization, [3] attempting to achieve pregnancy
ith COH and IUI through the one open fallopian tube, or

4] referring the couple for IVF. Except for COH with IUI,
ll the other treatment options have been investigated in the
iterature.

Most studies on the role of post-HSG laparoscopy com-
ined cases of unilateral and bilateral tubal obstruction. A
ew presented separate findings for a subgroup with unilat-
ral tubal obstruction. One large, prospective, cohort study
f 794 women described the 3-year cumulative PRs for each
ategory of HSG and laparoscopy findings (4). Others re-
orted that laparoscopy may be omitted in women with HSG
ndings of no pathology or suspected unilateral distal tubal
athology, because in 95% of cases laparoscopic findings did
ot change the HSG-based treatment plan (1).

The prognostic significance of HSG alone for fertility

TABLE 1
Basic clinical parameters in the study and contro

Tubal infertilit
(n � 55)

Patient age (y) 29.9 � 4.9
Infertility time (y) 1.8 � 1.6
Day-3 FSH (mIU/mL) 6.3 � 2.1
Day-3 LH (mIU/mL) 4.8 � 2.4
Primary infertility 26 (47.3%)
Nulliparity 32 (58.2%)
Previous abdominal operations 21 (38.2%)

Smoking 11 (21.2%)
Previously diagnosed PID 1 (1.8%)
Previous EUP 7 (12.7%)

Semen concentration (� 106/mL) 63 � 35
Semen motility at 1 h (%) 56 � 27
Normal semen morphology (%)

(WHO criteria)
35 � 19

Note: PID � pelvic inflammatory disease. EUP � extraute

Farhi. Unilateral tubal infertility. Fertil Steril 2007.
utcomes was assessed in a retrospective cohort study of 359

398 Farhi et al. Unilateral tubal infertility
atients: 19% with a one-sided tubal pathology, and 17%
ith a two-sided pathology (5). The adjusted PRs were 0.81

95% CI, 0.47–1.4) for a one-sided pathology, and 0.30
95% CI, 0.13–0.71) for a two-sided pathology. The authors
oncluded that an HSG finding of unilateral tubal pathology
as limited prognostic significance, whereas a finding of

FIGURE 1

Cumulative PRs in the study and control groups
(Cox regression adjusted for maternal age,
P�.351).

oups.

Unexplained infertility
(n � 101) P value, OR (95% CI)

29.2 � 4.4 .358
1.5 � 0.8 .180
6.2 � 1.8 .647
4.8 � 2.0 .994

63 (62.4%) .069
74 (73.3%) .054
21 (20.8%) .019

2.35 (1.14–4.86)
21 (20.8%) .958
1 (1%) .660
1 (1%) .001

14.5 (1.7–121.9)
77 � 59 .152
54 � 14 .621
37 � 16 .509

pregnancy. WHO � World Health Organization.
l gr

y

rine
Farhi. Unilateral tubal infertility. Fertil Steril 2007.
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wo-sided tubal pathology considerately reduces prospects of
ertility (5).

The good results in cases of proximal tubal occlusion, as
ound in our study, are not surprising, as it may be a
alse-positive result of HSG, caused by tubal spasm or the
steal effect.” Indeed, a second HSG to assess tubal patency
n 40 patients who were diagnosed with proximal tubal
bstruction yielded bilateral tubal patency in 60% (6). The
alue of repeated HSG in cases of proximal tubal occlusion
s therefore questionable, because it can only improve the
iagnosis: the management will not change if, as we suggest,
atients are treated in any case with COH and IUI, as if they
ere diagnosed with unexplained infertility with two patent

allopian tubes.

The value of surgical correction or tubal cannulation in
nilateral tubal factor infertility has been mainly investigated
s part of the overall approach to tubal or pelvic factor
nfertility. A recent meta-analysis of surgical techniques for
reating proximal tubal pathology (7) reported that in cases
f sterilization reversal, bilateral microsurgical anastomosis
as associated with higher total and ongoing PRs than
acrosurgery. However, in cases of proximal tubal obstruc-

ion, PRs after transcervical tubal cannulation were similar to
hose achieved after microsurgery. The authors concluded, in
greement with the present study, that PRs near 50% can be
chieved in patients with unilateral or bilateral proximal
lockage of the fallopian tubes.

Selective salpingography and transcervical cannulation
nder fluoroscopic guidance are effective in establishing

FIGURE 2

Cumulative PRs in the study and control groups
after stratification to proximal or mid-distal
occlusion.

Farhi. Unilateral tubal infertility. Fertil Steril 2007.
atency in appropriately selected patients, and are less inva-

ertility and Sterility�
ive and costly than the surgical alternatives. Fallopian-tube
ecanalization may be used to treat proximal tubal obstruc-
ion caused by debris (8). Others support the use of fallo-
oscopy by retrograde visualization with the use of a linear
version catheter (9).

According to a prospective study of 224 women with
istal tubal occlusion (10), the overall PR 24 months after
aparotomic microsurgical tuboplasty was 43.7%, and after
aparoscopic distal tuboplasty, 41.6%. Nevertheless, because
Rs and cycles in IVF are significantly higher than those
fter surgical correction, especially in older women (11), and
ecause the cost effectiveness of reconstructive surgery in
nselected patients with distal tubal occlusion is apparently
ower than for IVF (12), there are no studies comparing PRs
r time to conception between COH with IUI and surgical
orrection in patients with unilateral tubal occlusion. How-
ver, the cumulative PRs in cannulation studies were similar
o those in ours, but the time to conception was only three
ycles for COH and IUI, as opposed to 1–2 years for the
urgical approach.

In conclusion, we suggest the following treatment approach
o unilateral tubal factor infertility. Patients with unilateral prox-
mal tubal occlusion as the sole cause of infertility should be
reated as if the HSG result were normal, similar to patients with
nexplained infertility, i.e., COH with IUI as the initial option.
n women with unilateral proximal tubal occlusion, the value of
aparoscopy, repeated HSG, or tubal catheterization may be
uestionable if the planned treatment is direct application of
OH and IUI. In patients with mid-distal or distal occlusion,
owever, COH with IUI is associated with a lower success rate,
nd either a surgical or instrumental corrective approach or
eferral for IVF is warranted. More studies on the role of COH
nd IUI in unilateral tubal factor infertility are needed to further
stablish the role of COH and IUI, and to validate this man-
gement protocol.

cknowledgment: This work is in partial fulfillment of the requirements for
he degree of M.D. for Y. Lande, Department of Obstetrics and Gynecology,
ackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel.
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Increased plasma visfatin concentrations in women
with polycystic ovary syndrome
Te-Fu Chan, M.D.,a,b Yi-Ling Chen, B.Sc.c Hung-Hseng Chen, M.D.,a,b Chien-Hung Lee, Ph.D.,d

Shiang-Bin Jong, Ph.D.,c and Eing-Mei Tsai, M.D., Ph.D.a,b

a Department of Obstetrics and Gynecology, Graduate Institute of Medicine, College of Medicine; b Department of Obstetrics
and Gynecology, Kaohsiung Medical University Hospital; c Department of Nuclear Medicine, Kaohsiung Medical University
Hospital; and d Graduate Institute of Public Health, School of Health Science, Kaohsiung Medical University, Kaohsiung,
Taiwan,

Objective: To test the hypothesis that plasma visfatin concentrations will be higher in women with polycystic
ovary syndrome (PCOS) than in women without PCOS.
Design: Clinical study.
Setting: University hospital.
Patient(s): A total of 52 women were evaluated. Twenty-six had PCOS, and the remaining 26 were healthy
women with regular menstrual cycles who served as control subjects.
Intervention(s): Plasma visfatin concentrations were analyzed with the use of RIA.
Main Outcome Measure(s): Serum concentrations of FSH, LH, TSH, PRL, T, insulin, E2, and visfatin.
Result(s): Plasma visfatin concentrations were significantly higher in the PCOS group (336.8 � 50.2 ng/mL) than
in the healthy control group (282.4 � 43.3 ng/mL). Logistic regression analysis indicated a significant association
between odds ratio (OR) values of PCOS and visfatin levels (OR � 2.81; 95% confidence interval [CI],
2.74–2.90), T (OR � 3.39; 95% CI, 2.85–4.16), and LH levels (OR � 3.49; 95% CI, 2.79–4.56). There was no
correlation between plasma visfatin concentrations and T, insulin, and LH levels or age in either the PCOS group
or the control group. We observed that plasma visfatin levels were positively correlated with body mass index in
the PCOS group (r � 0.396, r2 � 0.157) but not in the control group (r � �0.328, r2 � 0.108).
Conclusion(s): Our data show that women with PCOS exhibit higher plasma visfatin levels than control subjects
of similar body mass index. Further studies are required to clarify the etiology and effects of hypervisfatinemia
in women with PCOS. (Fertil Steril� 2007;88:401–5. ©2007 by American Society for Reproductive Medicine.)

Key Words: Visfatin, polycystic ovary syndrome, body mass index
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olycystic ovary syndrome (PCOS), a very common endo-
rine disorder affecting up to 10% of women of reproductive
ge, is expressed as chronic anovulation and hyperandro-
enism (1, 2), and its clinical manifestation often starts in
uberty (3). It is closely linked to insulin resistance, type 2
iabetes mellitus, and dyslipidemia (4). Obesity occurs in
bout 50% of women with PCOS but is not universal (5).
nsulin resistance is found in both lean and obese patients
ith PCOS, but obesity and PCOS independently may affect

nsulin resistance (6). Women with PCOS have preferred fat
ccumulation in the upper body—an android fat pattern (7).
isturbances in fatty acid released from visceral adipose

issue through alterations in visceral adipocyte lipolysis may
lay a major pathophysiologic role in causing hyperinsulin-

eceived May 25, 2006; revised November 15, 2006; accepted Novem-
ber 27, 2006.
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37, Mingjhe Road, Sanmin District, Kaohsiung City 807, Taiwan (FAX:
b886-7-3110947; E-mail: u9481001@kmu.edu.tw).

015-0282/07/$32.00
oi:10.1016/j.fertnstert.2006.11.120 Copyright ©2007 American Soc
mia, dyslipidemia, glucose intolerance, and insulin resis-
ance (8). The catecholamine-induced lipolysis is accelerated
n visceral fat cells under conditions of insulin resistance (9).

Visfatin originally was isolated as a secreted factor that
ynergizes with interleukin-7 and stem cell factors to pro-
ote the growth of B cell precursors (10). Also known as

re-B cell colony-enhancing factor (10), visfatin has been
dentified as an adipokine, predominantly expressed in, and
ecreted from, visceral adipose tissue (11, 12). It exhibits
nsulin-like activity and has been shown to activate the
nsulin receptor in various insulin-sensitive cell types in
itro, stimulate glucose uptake into adipocytes and muscle
ells, and suppress glucose release from hepatocytes in vitro
11, 12). Visfatin treatment of mice acutely lowered (in the
hort term) plasma glucose in vivo, and a correlation has
een demonstrated between plasma visfatin concentrations
nd the amount of visceral fat (11, 12). Hyperglycemia has
he effect of increasing circulating visfatin concentrations,

ut this effect is suppressed by exogenous hyperinsulinemia

401Fertility and Sterility� Vol. 88, No. 2, August 2007
iety for Reproductive Medicine, Published by Elsevier Inc.
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r somatostatin infusion (13). Thiazolidinedione does not
egulate visfatin (14), but interleukin-6 is a negative regula-
or of visfatin gene expression in 3T3-L1 adipocytes (15).
isceral and subcutaneous visfatin messenger RNA expres-

ion profiles may be affected slightly by genetic variation in
he visfatin gene (16). In amniotic epithelial cells, visfatin
xpression is up-regulated by cytokines, which promote in-
ulin resistance (17). The increased macrophage population
n obese human visceral white adipose tissue might be re-
ponsible for the enhanced production of visfatin, which
ight be considered a proinflammatory marker (18). These
ndings suggest that visfatin may play a role in the associ-
tion between visceral obesity and glucose metabolism.

Insulin resistance and increased visceral adipose tissue are
he hallmarks of PCOS. Because visfatin is produced by vis-
eral adipose tissue, we hypothesize that there will be a differ-
nce in plasma visfatin concentrations between subjects with
COS and those with a healthy regular menstrual cycle. This
tudy tested subjects both with and without PCOS and corre-
ated their plasma visfatin concentrations with body mass index
BMI) and a variety of other parameters.

ATERIALS AND METHODS
wenty-six women with PCOS were enrolled in the study
long with 26 healthy women with regular menstrual cycles
o serve as control subjects. All women were of Han Chinese
rigin and had visited the outpatient Department of Obstet-
ics of the Kaohsiung Medical University Chung-Ho Memo-
ial Hospital. Women with hyperprolactinemia, thyroid dis-
ase, hypertension, diabetes mellitus, and other chronic
iseases were excluded. The approval of the institute review

TABLE 1
Clinical data for women with PCOS and control g

PCOS group (n � 26)

Age (y) 24.6 � 4.6
BMI (kg/m2) 22.4 � 5.2
Body height (cm) 160 � 5.4
Body weight (kg) 57.2 � 13.0
Insulin (�IU/mL) 12.8 � 13.2
FSH (mIU/mL) 6.5 � 2.2
LH (mIU/mL) 14.4 � 6.7
PRL (ng/mL) 10.7 � 6.8
E2 (pg/mL) 81.3 � 50.0
T (ng/dL) 45.2 � 18.6
TSH (�IU/mL) 2.0 � 1.0
Visfatin (ng/mL) 336.8 � 50.2
Note: Values are expressed as mean � SD.
a PCOS versus control. A Mann-Whitney test was used.

Chan. Higher visfatin levels in women with PCOS. Fertil Steril 2007.
oard was obtained. c

402 Chan et al. Higher visfatin levels in women with PCOS
The diagnosis of PCOS was based on the revised 2003
onsensus on PCOS diagnostic criteria (19). These criteria
ncluded clinical findings of hyperandrogenism of ovarian
rigin, chronic anovulation (both oligomenorrhea and amen-
rrhea), a typical ovarian appearance on transvaginal ultra-
ound examination, and an increased ratio of LH to FSH. A
recise medical and obstetric history, including BMI, was
btained.

To make biochemical and hormonal determinations, blood
amples were obtained directly from all subjects from a
annulated vein after overnight fasting. The serum was sep-
rated by centrifugation and stored at �80°C until further
nalysis. Follicle-stimulating hormone, T, E2, and insulin
ere measured with a Coat-A-Count RIA kit (Diagnostic
roducts Corp., Los Angeles, CA). Prolactin was measured
ith a RIA kit (DiaSorin, Saluggia, Italy). Plasma visfatin

oncentrations were analyzed by RIA according to the man-
facturer’s instructions (Phoenix Pharmaceuticals, Belmont,
A). The intra-assay and interassay coefficients of variation
ere 6.1% and 14%, respectively.

Data were evaluated with SPSS software for Windows
version 11.0; SPSS Inc., Chicago, IL). Data were presented
s mean � SD. Differences between groups were evaluated
ith a Mann-Whitney test. Pearson correlation and logistic

egression analysis were carried out to determine the rela-
ionship between the variables. All tests were two-tailed, and
he significance level was defined as P�.05.

ESULTS
able 1 shows the clinical characteristics of our subjects,
oth those with PCOS and those who were in the healthy

p

Control group (n � 26) P valuea

25.7 � 4.4 .317
22.8 � 4.4 .332

158.9 � 5.4 .593
57.8 � 12.3 .707
14.0 � 14.9 .826
6.4 � 2.5 .770
7.4 � 4.5 �.001
9.0 � 5.9 .327

61.1 � 47.8 .035
30.0 � 6.5 �.001
1.9 � 1.0 .486

282.4 � 43.3 �.001
rou
ontrol group. Subjects were of similar age, with the mean
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eing 24.6 years for the PCOS group and 25.7 years for the
ontrol group. There were no major differences between the
wo groups with respect to BMI, insulin, FSH, PRL, E2, and
SH. However, patients with PCOS had higher concentra-

ions of plasma visfatin, LH, and T. Plasma visfatin concen-
rations were significantly higher in the PCOS group (336.8

50.2 ng/mL) than in the healthy control group (282.4 �
3.3 ng/mL) (P�.001).

Further logistic regression analyses were performed to
valuate the possible determinants of PCOS, with adjust-
ents being made for age and BMI. We calculated odds ratio

OR) values for visfatin, T, insulin, and LH levels; BMI; and
ge to compare their contribution to PCOS. There was a
ignificant association between OR values of PCOS and
isfatin levels (OR � 2.81; 95% confidence interval [CI],
.74–2.90), T (OR � 3.39; 95% CI, 2.85–4.16), and LH
evels (OR � 3.49; 95% CI, 2.79–4.56) (Table 2).

TABLE 2
Logistic regression analysis of the possible
determinants of PCOS

Variable R
OR 95%

CI P value

Visfatin (ng/mL) 2.81a 2.74–2.90 .015
T (ng/dL) 3.39a 2.85–4.16 .011
Insulin (�IU/mL) 2.77 2.59–2.96 .614
LH (mIU/mL) 3.49a 2.79–4.56 .028
BMI (kg/m2) 2.72 2.18–3.60 .997
Age (y) 2.54 2.09–3.24 .554
a P�.05. Logistic regression analysis was used.

Chan. Higher visfatin levels in women with PCOS. Fertil Steril 2007.

TABLE 3
Correlations between plasma visfatin concentrat

Visfatin (total)
(n � 52)

V

r P

Age �0.170 .227 �0
BMI 0.073 .606 0
Insulin 0.116 .414 0
FSH 0.047 .740 0
LH 0.250 .073 0
PRL 0.052 .715 �0
E2 0.051 .721 �0
T 0.090 .527 �0
TSH �0.014 .920 �0
Note: Total refers to all subjects included.
a P�.05, Pearson correlation analysis was used.
Chan. Higher visfatin levels in women with PCOS. Fertil Steril 2007.
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The plasma visfatin concentrations in both the PCOS
roup and the control group showed no significant correla-
ion with T, insulin, and LH levels or age (Table 3). Plasma
isfatin levels were positively correlated with BMI in the
COS group (r � 0.396, r2 � 0.157, P�.045), but there was
o such correlation in the control group (r � �0.328, r2 �
.108, P�.102) (Fig. 1).

ISCUSSION
olycystic ovary syndrome is a heterogeneous syndrome
haracterized by hyperandrogenism and insulin resistance, as
ell as by an increased risk of the development of type 2
iabetes (20, 21). Recently, it has been shown that visceral
dipose tissue produces visfatin, which may regulate insulin
ensitivity (12). Higher plasma levels of visfatin in patients
ith type 2 diabetes mellitus and women with gestational
iabetes mellitus have been found (22, 23). On the basis of
hese observations, we tested the hypothesis that plasma
isfatin concentrations would be higher in women with
COS. In this study involving a group of women with PCOS
nd a control group matched for BMI and age, we evaluated
he relationships between plasma visfatin levels and PCOS.
ur data showed that plasma visfatin levels were higher in

ubjects with PCOS (Table 1). A prominent feature of PCOS
s hyperandrogenemia, which was also found in our study.
fter adjustment for T, insulin, and LH levels; age; and
MI, our study indicated that increased plasma visfatin
oncentrations in women with PCOS were independent of
MI (Table 2). The mechanism through which this modu-

ation occurs currently is unknown. Patients with PCOS
ften display an impairment of insulin-stimulated glucose
tilization in peripheral tissue (24). Furthermore, the ability
f norepinephrine to stimulate lipolysis in visceral fat cells
as been shown to be 50% higher in women with PCOS (25).

and various parameters

in (PCOS group)
(n � 26)

Visfatin (control
group) (n � 26)

P r P

9 .812 �0.236 .246
6a .045 �0.328 .102
7 .264 0.088 .669
1 .804 0.028 .890
2 .656 �0.227 .264
8 .154 0.356 .074
8 .930 �0.121 .556
1 .256 �0.173 .397
0 .626 0.005 .981
ions

isfat

r

.04

.39

.22

.05

.09

.28

.01

.23

.10
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t has also been suggested that visfatin is released from fat
ells during lipolysis (26). Our study showed that visfatin
oncentrations were not affected directly by other hormone
oncentrations, including T, insulin, and E2 (Table 3).

There is still confusion over the exact relationship between
lasma visfatin concentrations and BMI. Berndt et al. demon-
trated a significant correlation between the two (27). However,
hen et al. demonstrated no correlation (23). A difference in fat
istribution in women with PCOS may result in changed adi-
ose tissue function and adipokine levels (28). Our study tested
hether there was any correlation between visfatin levels and
MI and whether there was any difference between women
ith PCOS and those with a regular menstrual cycle. Interest-

ngly, we found a significant positive correlation between vis-
atin levels and BMI in subjects with PCOS but not in normal
ealthy women (Fig. 1). The body fat distribution and body
hape of subjects with PCOS shift strongly in the android
irection, with significantly increased upper trunk obesity and
ignificantly decreased leg subcutaneous adipose tissue devel-
pment (29, 30). Patients with PCOS show metabolic abnor-
alities combined with a more android type of adiposity than

hat found in control group subjects with similar BMI (31). The
evelopment of obesity, upper body fat distribution, or both
ight increase visceral fat cell lipolysis (25). Moreover, there is
unique lipolysis up-regulating alteration in visceral fat cells in

ubjects with PCOS because of a selective increase in the
unction of the protein kinase A–hormone-sensitive lipase com-

FIGURE 1

Plasma visfatin concentrations plotted against BMI
for both subjects with PCOS (‘) and those in the
healthy control group (�). The solid and dashed
lines indicate the regression lines for the PCOS
and control group, respectively. Total: r � 0.073,
r2 � 0.005, P�.606; PCOS: r � 0.396, r2 � 0.157,
P�.045; control: r � 0.328, r2 � 0.108, P�.102.
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lex. In visceral fat cells, the lipolytic effect is increased (25).
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The meanings of increased plasma visfatin levels in
omen with PCOS currently are unclear. Although it has
een suggested that visfatin has an insulin-mimicking effect
n lowering plasma glucose levels, higher visfatin levels
ave been observed in patients with diabetes mellitus or
estational diabetes mellitus (22, 23). Visfatin, which is
ound primarily in the cell nucleus and cytoplasm, lacks a
ignal sequence and is released during lipolysis (32).
learly, further investigation is needed to determine the
recise mechanism.

In conclusion, our data show that women with PCOS
xhibit higher plasma visfatin levels than control subjects of
imilar BMI. The etiology and effects of hypervisfatinemia
n women with PCOS need to be clarified by further studies.
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N-acetyl cysteine vs. metformin in treatment
of clomiphene citrate–resistant polycystic ovary
syndrome: a prospective randomized controlled study
Aboubakr Elnashar, M.D., Mohi Fahmy, M.D., Ahmad Mansour, M.D., and Karima Ibrahim, M.S.

Department of Obstetrics and Gynecology, Benha University Hospital, Benha, Egypt

Objective: To compare the effect of N-acetyl cysteine and metformin on hormonal profile (insulin and T) and
ovulation rate in women with clomiphene citrate–resistant polycystic ovary syndrome.
Design: Prospective randomized controlled study.
Setting: Department of obstetrics and gynecology in a university hospital in Egypt.
Patient(s): Sixty-one infertile women with clomiphene citrate–resistant polycystic ovary syndrome were assigned
randomly to receive either metformin (1,500 mg/d) or N-acetyl cysteine (1.8 g/d) for 6 weeks.
Intervention(s): Hormonal profile was determined before and after the course of treatment. Folliculometry was
performed to assess ovulation.
Main Outcome Measure(s): Ovulation rate and insulin and T changes.
Result(s): In the metformin group, there was a significant decrease in the fasting glucose, fasting insulin, and total
T. In the N-acetyl cysteine group, there was no significant difference in the fasting glucose or fasting insulin and
there was a significant decrease in total T. There was no significant difference in the fasting glucose–fasting insulin
ratio in both groups. In the metformin group, the rate of ovulation was 51.6% (16/31), vs. 6.7% (2/30) in the
N-acetyl cysteine group, which was statistically significant.
Conclusion(s): Metformin alone is an effective drug in inducing ovulation in clomiphene citrate–resistant poly-
cystic ovary syndrome, whereas N-acetyl cysteine alone is not. Further large studies are required to confirm our
results. (Fertil Steril� 2007;88:406–9. �2007 by American Society for Reproductive Medicine.)

Key Words: Polycystic ovary syndrome, insulin resistance, N-acetyl cysteine, metformin
Clomiphene citrate is the traditional first-line treatment for
chronic anovulation that characterizes polycystic ovary syn-
drome (PCOS) (1). However, 20%–25% of PCOS women fail
to ovulate with incremental doses of clomiphene citrate
(CC). In addition, clinical data revealed a discrepancy between
ovulation rates (75%–80%) and conception rates (30%–40%)
during CC treatment (2). For these patients who do not re-
spond to CC, there are a few limited therapies that can be tried
before moving on to gonadotropin therapy or laparoscopic
ovarian drilling.

Women with PCOS have a greater frequency of insulin re-
sistance and hyperinsulinemia. Recently, a lot of attention has
been placed on drugs with insulin-sensitizing action in PCOS
patients to induce ovulation in CC-resistant or -nonresistant
patients (3, 4). In a systematic review (5), the effectiveness
of metformin (MET) in improving clinical and biochemical
features of PCOS has been studied, confirming that MET is
effective in achieving ovulation in women with PCOS in
comparison with placebo.

N-acetyl cysteine (NAC) is the acetylated precursor of
both the amino acid L-cysteine and reduced glutathione (6).
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It has been proven to have activity on insulin secretion in pan-
creatic cells, as well as on the regulation of the insulin recep-
tor in human erythrocytes (7). In addition, it is a powerful
antioxidant and is a potential therapeutic agent in the treat-
ment of cancer and other diseases that are characterized by
the generation of free oxygen radicals (8). The peak plasma
level of NAC is attained 1 hour after an oral dose, and it dis-
appears from the plasma after 12 hours. The biological ac-
tivity of NAC is attributed to its sulfhydryl group, which
enhances glutathione-S-transferase activity, aiding in the pro-
tection of all cells and membranes (9). N-Acetyl cysteine
commonly is used as a safe mucolytic drug, and at higher
doses, it increases the cellular levels of reduced glutathione,
an antioxidant, which has been shown to influence insulin
receptor activity (10). It has been shown that NAC is able
to improve insulin secretion in response to glucose. More-
over, its administration was proposed for the prevention of
endothelial damage resulting from oxidant agents in non–
insulin-dependent adult diabetic subjects (11).

In 2002, Fulghesu et al. (11) demonstrated that NAC treat-
ment improved insulin sensitivity, T levels, and lipid profile
in women with polycystic ovary syndrome. In 2004, Rizk
et al. (12) showed that the combination of CC and NAC sig-
nificantly increased both ovulation and pregnancy rate in
women with CC-resistant PCOS. To our knowledge, the
role of NAC alone in inducing ovulation in CC-resistant
PCOS was never evaluated. Our objective was to compare
0015-0282/07/$32.00
e, Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.173
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the effect of NAC and MET on hormonal profile (insulin and
T) and ovulation rate in women with CC-resistant PCOS.

MATERIALS AND METHODS

The present study included 61 infertile patients attending
outpatient clinics in Benha University Hospital between De-
cember 2004 and December 2005. Institutional review board
approval was obtained for this study at Benha University
Hospital. Patients were diagnosed as having PCOS according
to the Rotterdam criteria for diagnosis of PCOS (13). All
patients had previously received CC and were diagnosed as
having CC resistance (failure of ovulation after three cycles
of CC reaching the dose of 150 mg daily). Our inclusion cri-
teria were as follows: [1] age between 18 and 39 years, [2] pe-
riod of infertility>2 years, and [3] no treatment taken during
the last 2 months. Our exclusion criteria were as follows:
[1] history of pelvic surgery or infertility factor other than
anovulation; [2] endocrinological disorders in the form of
hypothyroidism or hyperthyroidism, hyperprolactinemia, and
Cushing syndrome, as detected by history, examination, or
investigations; [3] patients with organic uterine or ovarian pa-
thology; and [4] patients with hyperglycemia (fasting blood
sugar of <100 mg/dL). Hirsutism was diagnosed when the
Ferriman-Gallwey score was >8.

Sample size was calculated by using GraphPad Instat soft-
ware, version 3.01. Twenty-eight patients in each group were
required to give the study a power of 80% and a of 0.05.
Patients were assigned randomly to receive MET or NAC
by using sealed, dark envelopes. A third party (nurse) per-
formed allocation. The patient and the physician monitoring
the cycles were blinded to the identity of each medication.
Patients underwent physical examination. Weight, height,
and waist and hip circumferences were measured. Body
mass index was obtained by dividing body weight in kilo-
grams by the square of height in meters. Waist–hip ratio
was calculated as the ratio between the smallest circumfer-
ence of torso (between the 12th rib and the iliac crest) and
the circumference of the hip (considered as the maximal
extension of the buttocks).

For all patients, the hormonal profile was performed on the
3rd day of the normal cycle or of progestin withdrawal bleed-
ing after fasting for 8 hours. Samples were collected in dry
sterile glass tubes, and serum was separated after centrifu-
gation. The serum was divided into two samples; the first
sample was analyzed immediately for fasting glucose. The
second sample was stored at�20�C until the time of analysis
of all samples for hormonal profile (fasting insulin, total T)
by using ELISA chemiluminescence. All results were calcu-
lated automatically. After 6 weeks, these investigations (fast-
ing glucose, fasting insulin, and total T) were repeated.

A transvaginal ultrasound examination was performed to
exclude any pelvic pathology before treatment. Ultrasonogra-
phy was performed with a transvaginal transducer (6.5 MHz,
Siemens). On day 3, each patient underwent a baseline
ultrasonographic examination. Metformin (Cidophage
Fertility and Sterility�
tablets, 500 mg per tablet; CID, Arab Republic of Egypt,
Cairo) was given for 6 weeks from the 1st day of the cycle
(in an oral dose of 1,500 mg/d). N-Acetyl cysteine (200 mg
per sachet; SEDICO, ARE) also was given for 6 weeks
from the 1st day of the cycle (in a dose of 1.8 g by oral admin-
istration in three divided doses, 3 sachets per dose). The dose
and duration of NAC were chosen based on the study pub-
lished elsewhere by Fulghesu et al. (11). Transvaginal ultra-
sound examination was performed every other day from the
10th day of the cycle to diagnose ovulation. Human chorionic
gonadotropin (10,000 U, IM; Pregnyl; Organon, Holland) was
given when at least one follicle measured 18 mm. Timed
intercourse was advised 24–36 hours after hCG injection.

Two days after being given hCG, the patients were as-
sessed for signs of ovulation (disappearance of preovulatory
follicle, fluid in the cul-de-sac, and/or corpus luteum forma-
tion). Clinical pregnancy was diagnosed when a gestational
sac was detected on transvaginal ultrasound examination 1
week after the missed period. Each participant had only
one treatment cycle. Sixty-four women were randomized,
32 in each group. Two women discontinued NAC because
of nausea and gastrointestinal upset, and one woman in the
MET group dropped out.

Outcome Measures

The primary outcome was the ovulation rate during the treat-
ment cycle. Secondary outcomes included hormonal profile
changes.

Statistical Analysis

The proportion of ovulations that occurred in each group was
compared by using Fisher’s exact test. A P level of <.05 was
considered significant.

RESULTS

There was no statistically significant difference in age (26.73
� 5.36 y vs. 27.33� 3.35 y, P¼.74) and duration of infertility
(5.07� 2.60 y vs. 4.80 y, P¼.87) between the groups. Table 1
shows the effect of MET and NAC on clinical characteristics
and the hormonal profile. There were no statistically signifi-
cant differences in body mass index, waist–hip ratio, men-
strual pattern, hirsutism, fasting glucose, fasting insulin,
fasting glucose–fasting insulin ratio, and total T between
the two groups before treatment. In the MET group, there
was a significant decrease in the fasting glucose, fasting insu-
lin, and total T before and after treatment. In the NAC group,
there were no significant differences in the fasting glucose or
fasting insulin, and there was a significant decrease in total T
before and after treatment. There was no significant differ-
ence in the fasting glucose–fasting insulin ratio in both
groups before and after treatment. In the MET group, the
rate of ovulation was 51.6% (16 of 31), vs. 6.7% (2 of 30)
in the NAC group, a difference that was statistically
significant.
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TABLE 1
Effects of MET and NAC on clinical characteristics and hormonal profile.

Before treatment 6 wk after treatment

Variable
MET

(n [ 31)
NAC

(n [ 30)
Pa

value
MET

(n [ 31)
Pb

value
NAC

(n [ 30)
Pc

value

BMI (kg/m2) 26.8 � 1.52 25.8 � 0.94 .68 25.9 � 0.97 .58 25.1 � 1.3 .47
WHR 0.83 � 0.07 0.82 � 0.04 .26 0.82 � 0.08 .14 0.82 � 0.03 .23
Menstrual pattern,

n (%)
Oligomenorrhea 24 (77.4) 23 (76.7) .37 23 (74.2) .35 22 (73.3) .36
Eumenorrhea 7 (22.6) 7 (23.3) 8 (25.8) 8 (26.7)

Hirsutism,
n (%)

20 (64.5) 18 (60.0) .19 20 (64.5) .17 18 (60.0) .18

Fasting glucose
(mg/dL)

85.9 � 9.4 83.3 � 8.8 .71 81.2 � 6.2 .001 82.9 � 9.7 .28

Fasting insulin
(IU/mL)

15.7 � 3.1 14.5 � 2.8 .18 12.3 � 3.4 .004 13.9 � 4.5 .19

Fasting
glucose-insulin

5.47 � 1.80 5.58 � 2.2 .31 6.1 � 1.9 .31 5.9 � 2.7 .208

Testosterone
(pg/mL)

106.47 � 44.6 98.27 � 31.5 .08 78.27 � 30.1 .001 73.87 � 17.4 .001

Note: Data are mean � SD unless otherwise indicated. BMI ¼ body mass index; WHR ¼ waist–hip ratio.
a Differences between MET and NAC groups before treatment.
b MET group before and 6 weeks after treatment.
c NAC group before and 6 weeks after treatment.

Elnashar. N-acetyl cysteine vs. metformin. Fertil Steril 2007.
DISCUSSION

Insulin resistance is a cause of CC failure in patients with
PCOS, not only in obese patients but in lean ones as well
(14). In addition, hyperinsulinemia may influence ovarian
as well as adrenal steroidogenesis. Consequently, insulin-
lowering drugs were proven effective in the treatment of pa-
tients with PCOS. In the present study, NAC treatment was
well tolerated. Two patients reported nausea and gastrointes-
tinal upset. Fulghesu et al. (11) found that NAC administra-
tion was well tolerated by all patients and that no adverse
effect was observed.

Administration of NAC for 6 weeks in women with CC-
resistant PCOS led to no statistically significant changes of
fasting glucose or fasting insulin level and to significant low-
ering of total T level. There was no significant difference in
the fasting glucose–fasting insulin ratio before and after treat-
ment. Fulghesu et al. (11) demonstrated that NAC treatment
(1.8 g/d for 5–6 wk) was associated with significant increase
in insulin sensitivity and reduction in insulin levels, T, and
free androgen index in hyperinsulinemic PCOS. In nor-
moinsulinemic and placebo-treated subjects, no significant
changes were found. The effect of NAC in hyperinsulinemic
PCOS is probably a result of an improvement in insulin
receptor activity, leading to a secondary decrease in the
b-cell responsiveness to the oral glucose tolerance test
408 Elnashar et al. N-acetyl cysteine vs. metformin
(OGTT). The decrease in circulating insulin level was fol-
lowed by a significant reduction in T levels and free androgen
index in patients responding to treatment.

N-Acetyl cysteine has been shown to have diverse biologi-
cal effects, notably the following: it is antiapoptotic (4),
antioxidant (15), protective against focal ischemia (16), and
inhibiting of phospholipid metabolism, proinflammatory cyto-
kine release, and protease activity (17). It was suggested that
NAC may exert the same effects at the ovarian level and that
these activities may be as important as its insulin-enhancing
effects in inducing ovulation. However, evidence suggests
that in healthy individuals, NAC may act as a pro-oxidant
and may lower the GSH and increase the amount of oxidized
GSH (18). These results do not support the supposed antiox-
idative action of NAC.

To our knowledge, the potential reproductive effects of
NAC alone never have been evaluated. In the present study,
ovulation occurred in 16 patients (51.6%) in the MET group
vs. in 2 (6.6%) in the NAC group, indicating the superiority of
MET over NAC. N-Acetyl cysteine may be an adjuvant to
CC; Rizk et al. (12) showed that the combination of NAC
(1.2 g/d) with CC (100 mg/d) for 5 days significantly in-
creased both ovulation and pregnancy rates in obese women
with CC-resistant PCOS (49.3% vs. 1.3% and 21.3% vs. 0,
respectively). These results were not confirmed by other
Vol. 88, No. 2, August 2007



studies. The short duration (5 d only) of NAC administration
is not enough to produce the beneficial metabolic and hor-
monal effects of NAC.

Metformin (a biguanide) has been used to reduce insulin
resistance. Although MET appears to influence ovarian ste-
roidogenesis directly, this effect does not appear to be primarily
responsible for the attenuation of ovarian androgen produc-
tion in women with PCOS (19). Rather, MET inhibits the
output of hepatic glucose, necessitating a lower insulin
concentration and thereby probably reducing the androgen
production of theca cells. Metformin also improved fasting in-
sulin levels, blood pressure, and levels of low-density lipopro-
tein cholesterol. These effects were judged to be independent
of any changes in weight that were associated with MET (20).

In the present study, MET treatment was well tolerated;
three patients reported minor nausea and vomiting, but intake
of MET with meals minimized these side effects; thus, no
patients required a discontinuation of the therapy. In the
MET group, the rate of ovulation was 53.3%, vs. 6.7% in the
N-acetyl cysteine group, which was statistically significant.

Administration of MET for 6 weeks has led to a statistically
significant lowering of fasting glucose, fasting insulin levels,
and total T. There was no significant difference in the fasting
glucose–fasting insulin ratio before and after treatment. Many
investigators have demonstrated an improvement in insulin
sensitivity and a significant decrease in serum insulin level
and free-T level after a short-term treatment with MET for
4–8 weeks (21–23). However, Ehrmann et al. (24) found
that hyperinsulinemia and androgen excess in obese nondia-
betic women with PCOS are not improved by MET treatment.
These differences may be due to heterogeneity of the popula-
tions studied, different methods of assessment of insulin resis-
tance, and variations in duration of MET therapy.

In conclusion, MET alone is an effective drug for inducing
ovulation in CC-resistant PCOS, whereas NAC alone is not.
N-Acetyl cysteine may be an adjuvant to CC, but not an alter-
native. Further large studies are required to confirm our results.

REFERENCES
1. Lidor AL, Goldenberg M, Cohen SB, Seidman DS, Mashiach S,

Rabinovici J. Management of women with polycystic ovary syndrome

who experienced premature luteinization during clomiphene citrate

treatment. Fertil Steril 2000;74:749–52.

2. Yen SS. Chronic anovulation caused by peripheral endocrine disorders.

In: Yen SS, Jaffe RB, eds. Reproductive endocrinology; physiology,

pathophysiology, and clinical management. 3rd ed. Philadelphia: Saun-

ders, 1991:576–630.

3. Pieper GM, Siebeneich W. Oral administration of the antioxidant,

N-acetylcysteine, abrogates diabetes-induced endothelial dysfunction.

J Cardiovasc Pharmacol 1998;32:101–5.

4. Odetti P, Pesce C, Traverso N, Menini S, Maineri EP, Cosso L, et al.

Comparative trial of N-acetyl-cysteine, taurine, and oxerutin on skin

and kidney damage in long-term experimental diabetes. Diabetes

2003;52:499–505.
Fertility and Sterility�
5. Lord JM, Flight IH, Norman RJ. Insulin-sensitising drugs (metformin,

troglitazone, rosiglitazone, pioglitazone, d-chiro-inositol) for polycystic

ovary syndrome. Cochrane Database Syst Rev 2003;3:CD003053.

6. Wentzel P, Thunberg L, Eriksson UJ. Teratogenic effect of diabetic

serum is prevented by supplementation of superoxide dismutase and

N-acetylcysteine in rat embryo culture. Diabetologia 1997;40:7–14.

7. Lanzone A, Fulghesu AM, Andreani CL, Apa R, Fortini A, Caruso A,

et al. Insulin secretion in polycystic ovarian disease: effect of ovarian

suppression by GnRH agonist. Hum Reprod 1990;5:143–9.

8. Borgstrom L, Kagedal B, Paulsen O. Pharmacokinetics of N-acetylcys-

teine in man. Eur J Clin Pharmacol 1986;31:217–22.

9. De Vries N, De Flora S. N-acetyl-l-cysteine. J Cell Biochem Suppl

1993;17F:270–7.

10. Ammon HP, Muller PH, Eggstein M, Wintermantel C, Aigner B,

Safayhi H, et al. Increase in glucose consumption by acetylcysteine dur-

ing hyperglycemic clamp. A study with healthy volunteers. Arzneimit-

telforschung 1999;42:642–5.

11. Fulghesu AM, Ciampelli M, Muzj G, Belosi C, Selvaggi L, Ayala GF,

et al. N-acetyl-cysteine treatment improves insulin sensitivity in women

with polycystic ovary syndrome. Fertil Steril 2002;77:1128–35.

12. Rizk A, Bedaiwy M, Al-Inany H. N-acetyl-cysteine is a novel adjuvant to

clomiphene citrate in clomiphene citrate–resistant patients with polycys-

tic ovary syndrome. Fertil Steril 2005;83:367–70.

13. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop

Group. Revised 2003 consensus on diagnostic criteria and long-term

health risks related to polycystic ovary syndrome. Fertil Steril 2004;

81:19–25.

14. Moghetti P, Castello R, Negri C, Tosi F, Perrone F, Caputo M, et al.

Metformin effects on clinical features, endocrine and metabolic profiles,

and insulin sensitivity in polycystic ovary syndrome: a randomized,

double-blind, placebo-controlled 6-month trial, followed by open, long-

term clinical evaluation. J Clin Endocrinol Metab 2000;85:139–46.

15. De Mattia G, Bravi MC, Laurenti O, Cassone-Faldetta M, Proietti A, De

Luca O, et al. Reduction of oxidative stress by oral N-acetyl-Lcysteine

treatment decreases plasma soluble vascular cell adhesion molecule-1

concentrations in non-obese, non-dyslipidaemic, normotensive, patients

with non-insulin-dependent diabetes. Diabetologia 1998;41:1392–6.

16. Sekhon B, Sekhon C, Khan M, Patel SJ, Singh I, Singh AK. N-Acetyl

cysteine protects against injury in a rat model of focal cerebral ischemia.

Brain Res 2003;971:1–8.

17. Lappas M, Permezel M, Rice GE. N-Acetyl-cysteine inhibits phospho-

lipids metabolism, proinflammatory cytokine release, protease activity,

and nuclear factor-kappaB deoxyribonucleic acid-binding activity in hu-

man fetal membranes in vitro. J Clin Endocrinol Metab 2003;88:1723–9.

18. Kleinveld HA, Demacker PN, Stalenhoef AF. Failure of N-acetylcys-

teine to reduce low-density lipoprotein oxidizability in healthy subjects.

Eur J Clin Pharmacol 1992;43:639–42.

19. Mansfield R, Galea R, Brincat M, Hole D, Mason H. Metformin has direct

effects on human ovarian steroidogenesis. Fertil Steril 2003;79:956–62.

20. Crave JC, Fimbel S, Lejeune H, Cugnardey N, Dechaud H, Pugeat M.

Effects of diet and metformin administration on sex hormone-binding

globulin, androgens, and insulin in hirsute and obese women. J Clin

Endocrinol Metab 1995;80:2057–62.

21. Velazquez E, Acosta A, Mendoza S. Menstrual cyclicity after metformin

therapy in polycystic ovary syndrome. Obstet Gynecol 1997;90:392–5.

22. Nesler JE, Jakubowicz DJ, Evans WS, Pasquali R. Effects of metformin

on spontaneous and clomiphene-induced ovulation in the polycystic

ovary syndrome. N Engl J Med 1998;338:1876–80.

23. Morin-Papuneen LC, Koivunen RM, Ruokonenn A, Martidainen HK.

Metformin therapy improves the menstrual pattern with minimal endo-

crine and metabolic effects in women with polycystic ovary syndrome.

Fertil Steril 1998;69:961–9.

24. Ehrmann DA, Cavaghan M, Imperial J, Sturis J, Rosenfield R,

Polonsky K. Effects of metformin on insulin secretion, insulin action

and ovarian steroidogenesis in women with polycystic ovary syndrome.

J Clin Endocrinol Metab 1997;82:524–30.
409



T
i
r
a
A
p
s
c
a
b
T
v
p

R
S

P

R

Association of the GAA1013¡GAG polymorphism of
the insulin-like growth factor-1 receptor (IGF1R) gene
with premature pubarche
Maria Belen Roldan, M.D., Carlie White, B.S., and Selma Feldman Witchel, M.D.

Division of Endocrinology, Department of Pediatrics, Children’s Hospital of Pittsburgh, University of Pittsburgh, Pittsburgh,
Pennsylvania

Objective: A single-nucleotide polymorphism (SNP), the G variant in codon 1013 (GAA1013¡GAG) of the
insulin-like growth factor-1 (IGF-1) receptor (IGFIR) gene, has been associated with higher IGF-1 concentrations
in Caucasian subjects. Because elevated serum levels of IGF-1 have been described in children with premature
pubarche (PP) and in adolescent girls with hyperandrogenism, we tested the a priori hypothesis that the frequency
of the A¡G variant would be overrepresented among children with PP.
Design: Case–control association study.
Setting: University-based pediatric endocrinology practice.
Patient(s): Sixty-nine children (63 girls and 6 boys) with PP, 52 adolescent girls with hyperandrogenism, and 92
healthy subjects.
Intervention(s): Blood was obtained for genotype analysis, glucose measurement, and hormone (A, insulin,
17-hydroxyprogesterone, and T) determinations.
Main Outcome Measure(s): Frequency of the SNP in the IGF1R gene and correlation of this SNP with hormone
concentrations.
Result(s): Distribution of the G allele was statistically significantly different between the children with PP and
the healthy control subjects, independent of insulin sensitivity.
Conclusion(s): This common SNP in the IGF1R gene may be associated with PP caused by premature adrenarche
in children. Because PP has been associated with higher IGF-1 concentrations, these data suggest a potential
molecular basis for prior clinical observations of elevated IGF-1 concentrations in children with PP. (Fertil Steril�
2007;88:410–7. ©2007 by American Society for Reproductive Medicine.)

Key Words: Hyperandrogenism, hyperinsulinemia, IGF-1, IGF1R, premature pubarche, polycystic ovary syn-
drome, premature adrenarche
P
a
d
d

m
i
P
o
m
a
i
i

t
u
I
c
A
a

wo distinct, independent events occur at the time of puberty
n human beings, gonadarche and adrenarche. Gonadarche
epresents reactivation of the hypothalamic-pituitary-gonadal
xis, leading to increased gonadal sex steroid secretion.
drenarche signifies the altered adrenal hormone secretory
atterns that are associated with increased adrenal DHEAS
ecretion (1). Premature onset of adrenarche (PA) is one
ause of premature pubarche (PP), which is defined as the
ppearance of pubic hair, axillary hair, and/or body odor
efore age 8 years in girls and age 9 years in boys (2, 3).
ypically in PA, adrenal androgen concentrations are ele-
ated for chronological age and are within the range appro-
riate for the stage of pubic hair development.
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Postgonadarche, some girls with a history of PP secondary to
A develop persistent hyperandrogenism (HA) and chronic
novulation consistent with incipient polycystic ovary syn-
rome (PCOS). However, the specific factors that influence the
evelopment of PA and its outcome are poorly characterized.

Polycystic ovary syndrome is a common heterogeneous fa-
ilial disorder associated with chronic anovulation, HA, and

nsulin resistance/hyperinsulinemia (4, 5). In women with
COS, excessive adrenal and/or ovarian androgen secretion
ccurs. Women with PCOS often manifest features of the
etabolic syndrome (6, 7). Some of the endocrine-metabolic

bnormalities typical of PCOS, such as hyperinsulinemia,
nsulin resistance, and/or dyslipidemia, are already apparent
n girls with PP or adolescent girls with HA (8).

Clinical investigations and laboratory studies suggest
hat dysregulation of insulin–IGF-1 systems may contrib-
te to the pathogenesis of PP and PCOS (9–12). Decreased
GFBP1 concentrations and increased total and free IGF-1
oncentrations have been observed in girls with PP (13).
lthough observations have been inconsistent, boys with PP

lso appear to have decreased insulin sensitivity and in-

reased IGF-1 concentrations (14).

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.126
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Among hirsute women, IGF-1 concentrations were greater
mong those with evidence of adrenal HA, compared to
hose with ovarian HA (15). Silfen et al. (13) suggested that
efore gonadarche, increased free IGF-1 concentrations lead
o increased adrenal androgen concentrations and subsequent
P. After gonadarche, in addition to effects on the adrenal
ortex, the increased free IGF-1 concentrations promote
ncreased ovarian androgen secretion, leading to HA and
COS.

Familial clustering implicates genetic factors in the devel-
pment of PCOS (16, 17). However, the search for PCOS
enes has been complicated by phenotypic and genetic het-
rogeneity (18–21). Further, gene–environment and gene–
ene interactions influence the phenotypic manifestations of
COS. Small sample sizes, differences in allele frequencies,
nd epigenetic interactions have hindered reproducibility of
ssociation studies (22). Thus, to date, no single PCOS gene
as been identified.

Yet, despite these multiple confounding factors, some
rogress has been made in the identification of relevant
enetic factors (23, 24). In some populations, case–control
tudies have shown PCOS to be associated with specific loci,
uch as 21-hydroxylase (CYP21), insulin receptor substrates

and 2 (IRS1 and IRS2), sex hormone–binding globulin
SHBG), androgen receptor (AR), interleukin-6 (IL6), and
alpain-10 (CAPN10) genes (25). Genetic variants in three
enes, AR, IRS1, and aromatase (CYP19), have been associ-
ted with PP caused by PA (26–28).

Thus, genes coding for components of the insulin and
GF-1 systems can be considered to be candidate PCOS
nd/or PA genes. In one study involving women with PCOS,
trinucleotide repeat located in intron 5 of the IGF-1 recep-

or (IGF1R) gene was associated with markers of insulin
esistance, a common feature of PCOS (29). Another SNP in
GF1R influences free IGF-1 plasma concentrations (30).
his A¡G variant is predicted to generate a silent mutation,
1013E, and was associated with higher IGF-1 concentra-

ions in Italian adults (30). The lack of a difference in the
mino acid sequence of the IGF-1R protein suggests that this
ariant does not have direct functional consequences on
eceptor function. Nevertheless, this SNP may be linked to
nother functional SNP that may alter receptor activity.
nother possibility is that this SNP or a closely linked SNP
ay influence gene transcription or mRNA stability.

Because PP caused by PA is associated with elevated
GF-1 concentrations, we hypothesized that the frequency of
he A¡G variant might be greater in children with PP. To
est this a priori hypothesis, we ascertained the frequency of
hese variants in children with PP, adolescent girls with HA,
nd healthy control subjects.

ATERIALS AND METHODS
ubjects
ixty-nine children (63 girls and 6 boys) were referred to the

hildren’s Hospital of Pittsburgh for the evaluation of pre- E

ertility and Sterility�
ature development of pubic hair (PP). By definition, pubic
air had developed before 8 years of age in girls and before
years of age in boys. Among the girls, 5 were black, 2
ere biracial (1 black–white and 1 Asian–white), and 56
ere white. Of the boys, 5 were white and 1 was black.
ifty-two adolescent girls were referred for the evaluation of
ligomenorrhea or amenorrhea and/or hirsutism. There were
black, 1 Asian, and 48 white adolescent girls.

Height, weight, pubertal stage, and clinical manifestations
f HA were recorded for all children and adolescents. Body
ass index (BMI) was calculated as weight (kg)/height (m)2.
ody mass index could not be calculated for one girl who
as wheelchair bound as a result of limb-girdle muscular
ystrophy. Body mass index percentiles and Z scores were
etermined according to the charts for the United States that
ere published by the Centers for Disease Control and
revention in 2000 (31).

For all subjects, congenital adrenal hyperplasia, Cushing’s
yndrome, and hyperprolactinemia were excluded by past
edical history, physical examination, and laboratory data.
his protocol was approved by the Human Rights Commit-

ee of the Children’s Hospital of Pittsburgh. Parental consent
nd patient assent were obtained from all subjects.

All adolescent girls were documented to have HA, which
as defined as A, total T, and/or free T concentrations,

levated for age and pubertal stage. Three pairs of siblings
ere studied. For the three sibling pairs, the older sister
resented in adolescence with hirsutism, and the younger
ister had PP.

ETHODS
lood samples were assayed for androstenedione (A), tes-

osterone (T), 17-hydroxyprogesterone (17-OHP), and corti-
ol, as described elsewhere (32). Blood samples for fasting
lucose (GF) and insulin (IF) determinations were obtained
n 46 girls (17 PP and 29 HA). The estimated indices used
or the study of insulin sensitivity and pancreatic �-cell
unction were fasting insulin level, glucose to fasting insulin
atio (GF:IF), HOMA IS (homeostasis model assessment
stimate of insulin sensitivity), QUICKI (quantitative insulin
ensitivity check index), HOMA IR (homeostasis model
ssessment estimate of insulin resistance), fasting insulin to
asting glucose ratio (IF:GF), and HOMA%B (homeostasis
odel assessment estimate of pancreatic �-cell function)

33, 34).

Blood samples used for extraction of genomic DNA were
btained from all the participants. To determine the fre-
uency of the A¡G variant at codon 1013 in healthy un-
elected subjects, blood samples for DNA extraction were
btained from 92 controls. There were 61 men and 31 women.

thnic backgrounds were 5 black, 1 Asian, and 86 white.
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olecular Genotype Analysis
enomic DNA was extracted from peripheral blood lym-
hocytes. A 279-bp fragment of the IGFIR gene (accession
umber: NM_000875) was amplified by using the following
rimers: forward, 5=-TGCTTTAATTACGGTTTCTTC-3=
nd reverse, 5=-GCTTTTCAGGAACTTTCTCTT-3=, as de-
cribed elsewhere (35). Polymerase chain reaction amplifica-
ions were performed using APTaq polymerase (Applied Bio-
ystems, Foster City, CA). After a initial denaturation step at
4°C for 3 minutes, the PCR reaction conditions were 30 cycles
f denaturation at 94°C for 30 seconds, 30 seconds of annealing
t 60°C, and 1 minute of extension at 72°C. With the last cycle,
xtension at 72°C for 7 minutes was performed.

Restriction fragment length polymorphism analysis using
he amplified genomic DNA was then performed. The en-
onuclease MnlI (New England Biolabs, Beverly, MA) cuts
n positions 50, 182, and 202 in the presence of the G allele.
n the presence of the A allele, the MnlI site in position 202
s lost. After digestion with MnlI, the G allele yields four
ragments (132, 77, 50, and 20 bp), whereas the A allele
ields three fragments (132, 97, and 50 bp). Molecular
enotype analysis of the CYP21 gene was performed as
escribed elsewhere (23).

tatistical Analysis
esults are expressed as mean � SD. The Kolmogorov-
mirnov statistic, with a Lilliefors significance level for

esting normality, was applied to continuous variables. When
he variables did not follow a normal distribution, logarith-
ic transformation was performed. For determination of

llele frequency, only one sister of each sibling pair was
ncluded. One-way analysis of variance or Kruskal-Wallis
ests were used to assess for differences in BMI, steroid
ormone, glucose, insulin concentrations, and insulin sensi-
ivity and secretion indexes between groups with specific
enotypes. Chi-square contingency table analyses were used
o compare allele frequencies among the PP, HA, and normal
roups. P�.05 was considered statistically significant.
ower analysis was performed by using SSPS software
SPSS Inc., Chicago, IL).

ESULTS
ean chronological age for the children with PP was 7.8
1.5 years; the range was 4.6–11.6 years. Skeletal maturation

as assessed in 61 children; mean bone age was 9.3 � 1.9
ears. Body mass index ranged from 13.7 to 34.2 kg/m2,
ith mean BMI being 20.4 � 4.7 kg/m2. The BMI Z scores

anged from �1.62 to 4.77, with mean BMI Z score being
.34 � 1.34. Twenty-five girls had BMI values of less than
he 85th percentile for age, 11 had BMI values between the
5th and 95th percentiles, and 27 had BMI values greater
han the 95th percentile. One boy had a BMI value less than the
5th percentile for age, and 5 had BMI values greater than

he 95th percentile.

412 Roldan et al. IGF1R gene and premature pubarche
For the adolescent girls with HA, chronologic ages ranged
rom 10.4 to 18.7 years, with mean chronologic age of 15.1 �
.8 years. Body mass index ranged from 15.4 to 55.1 kg/m2,
ith mean BMI of 30.4 � 8.8 kg/m2. The BMI Z scores ranged

rom �0.51 to 6.86, with mean BMI Z score being 2.0 � 1.6.
welve had BMI values less than the 85th percentile for age, 7
ad BMI values between the 85th and the 95th percentiles, and
2 had BMI values greater than the 95th. Body mass index
ould not be accurately determined in one girl with limb girdle
uscular dystrophy who was wheelchair bound.

enotype Analysis
he frequency of the A¡G variant at codon 1013 was
scertained in 69 children with PP, 52 adolescent girls with
A, and 92 healthy control subjects and was consistent with
ardy-Weinberg equilibrium. Among the children with PP,
4 (39.1%) of 138 alleles carried the A variant, whereas 84
60.9%) of 138 alleles carried the G variant. All six boys
ith PP were either heterozygous (n � 4) or homozygous

n � 2) for the G variant. Among the adolescent girls with
A, 53 (51%) of 104 alleles carried the A variant, whereas
1 (49%) of 104 alleles carried the G variant. Among the
ealthy subjects, 94 (51.1%) of 184 alleles carried the A variant,
hereas 90 (48.9%) of 184 alleles carried the G variant.

Three pairs of sisters were studied, but only one sister of
ach pair was included in statistical analyses regarding allele
requency. In one sibship, both sisters were homozygous for
he G variant. In the second sibship, both sisters were ho-
ozygous for the A variant. In the third sibship, the older

ister was homozygous for the A variant, and the younger
ister was heterozygous for the variants.

When allele frequencies were compared between the three
roups—PP, HA, and healthy control subjects—the G allele
as increased in the PP group compared with the other two
roups, (P�.0781). When the PP group was compared with
he healthy controls, the frequency of the G allele was signifi-
antly increased (P�.0369). Allele frequencies were compara-
le in the HA and the healthy control subjects. Of the children

TABLE 1
Genotypes in subjects with PP, HA, and
healthy normal controls.

Group G/G G/A A/A

PP (n � 69) 23 (33.3) 38 (55.1) 8 (11.6)
HA (n � 52) 11 (21.1) 29 (55.8) 12 (23.1)
Controls (n � 92) 24 (26.1) 42 (45.6) 26 (28.3)
Note: Genotypes expressed as number (%) of cases.

G/G � subjects homozygous for the A¡G variant;
G/A � subjects heterozygous for the variant;
AA � subjects homozygous for the wild-type allele.
Roldan. IGF1R gene and premature pubarche. Fertil Steril 2007.
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ith PP, 33% were homozygous for the G allele, whereas
pproximately 25% of the other two groups, HA and control
ubjects, were homozygous for the G allele (Table 1).

elationship Between BMI and Hormone Concentrations
nd Genotype
ecause BMI and A concentrations increase and insulin

ensitivity decreases during the peripubertal years, the PP

TABLE 2
Clinical presentation (PP or HA), chronologic age
(BMI), and hormone concentrations for children
by age group, gender, and genotype.

Variable by group no. All

1
PP, n (%) 36
HA 0
CA (y) 6.8 � 1.0 (36) 6
BA (y) 8.1 � 1.3 (32) 8
BMI (kg/m2) 19.5 � 3.9 (36) 18
17-OHP (nmol/L) 2.37 � 1.83 (33) 2.2
A (nmol/L) 3.02 � 1.69 (35) 2.5

2
PP, n (%) 27
HA, n (%) 2a

CA (y) 9.1 � 1.0 (29) 9
BA (y) 10.5 � 1.7 (24) 10
BMI (kg/m2) 22.4 � 6.2 (29) 23
17-OHP (nmol/L) 3.07 � 2.89 (25) 3.1
A (nmol/L) 5.06 � 3.18 (29) 5.5

3
PP 0
HA, n (%) 50
CA (y) 15.2 � 1.6 (50) 15
BA (y) NA
BMI (kg/m2) 30.3 � 8.9 (49) 30
17-OHP (nmol/L) 4.25 � 2.51 (44) 4.0
A (nmol/L) 12.24 � 4.85 (47) 12.2

4
PP, n (%) 6
CA (y) 9.3 � 1.3 (6)
BA (y) 11.9 � 1.3
BMI (kg/m2) 22.7 � 6.4 (6) 1
17-OHP (nmol/L) 3.28 � 3.68 (6) 3
A (nmol/L) 3.40 � 1.55 (6) 5

Note: Data are reported as mean � SD. The number of sub
clinical presentation, CA, BA, BMI, and hormone determ
columns stratify the subjects by age group and genotyp
and A, �34.92. G/G � homozygosity for the A¡G varia
for the wild-type allele; NA � not available; 17-OHP �

a These two patients presented with hyperandrogenism a
before presentation.
Roldan. IGF1R gene and premature pubarche. Fertil Steril 2007.
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nd HA subjects were divided into four groups according to
hronological age at presentation and gender (Table 2).
roups 1, 2, and 3 consisted of girls divided by chronologic

ge as follows: group 1, younger than 8 years; group 2, 8–12
ears; and group 3, older than 12 years. Group 4 was comprised
f the six boys. Thirty-three (91.6%) of 36 girls in Group 1 had
o breast development. Three girls in Group 1 had early Tanner
tage 2 breast development.

), skeletal maturation (BA), body mass index
PP and adolescent girls with HA, considered

/G G/A A/A

27.8) 22 (61.1) 4 (11.1)
0 0 0
0.9 (10) 6.8 � 1.2 (22) 6.7 � 0.7 (4)
1.2 (9) 8.1 � 1.4 (19) 8.6 � 1.7 (4)
3.2 (10) 19.2 � 2.9 (22) 20.4 � 3.3 (4)
1.08 (9) 2.28 � 1.97 (21) 3.26 � 2.97 (3)
1.98 (10) 3.24 � 1.65 (21) 2.46 � 0.84 (4)

40.8) 12 (44.4) 4 (14.8)
0 1 (50) 1 (50)
1.2 (11) 9.0 � 0.9 (13) 9.2 � 1.0 (5)
1.8 (8) 10.2 � 1.1 (12) 11.2 � 3.0 (4)
6.0 (11) 20.2 � 5.4 (13) 25.1 � 7.9 (5)
3.36 (10) 2.56 � 1.50 (10) 3.87 � 4.26 (5)
3.25 (11) 5.41 � 3.40 (13) 4.02 � 3.01 (5)

0 0 0
22) 28 (56) 11 (22)
1.4 (11) 14.9 � 1.6 (28) 15.5 � 1.6 (11)
A NA NA
9.1 (10) 28.5 � 7.1 (28) 34.5 � 12.1 (11)
1.68 (9) 4.29 � 2.40 (26) 4.39 � 3.61 (9)
6.42 (9) 11.74 � 4.22 (27) 13.43 � 5.18 (11)

33.3) 4 (66.7) 0
; 8.1 9.6 � 1.4 (4) —
; 11 12.4 � 1.4 (4) —
; 16.0 26.3 � 3.9 (4) —
; 0.91 3.95 � 4.47 (4) —
; 1.15 3.56 � 1.19 (4) —
s is indicated in parentheses. The all column indicates the
ns for all children classified by age group. The other three
onversion factors (ng/dL) are as follows: 17-OHP, �33.1
/A � heterozygosity for the variant; A/A � homozygosity
ydroxyprogesterone.
s 10.4 and 11.3 years; both had experienced menarche
(CA
with

G
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For group 1, mean breast development stage was 1.1
0.3, and mean pubic hair development stage was 2.0 � 0.4.

reast and pubic hair development stages varied for the girls
n group 2; mean breast development stage was 2.0 � 1.4,
nd mean pubic hair stage was 2.8 � 1.1. For the girls in
roup 3, mean breast development stage was 4.6 � 0.7, and
ean pubic hair development stage was 4.9 � 0.8. None of

he boys in group 4 had testicular enlargement; mean pubic-
air development stage was 2.1 � 0.5. When BMI was
xpressed as Z scores, there were no significant differences
etween the four groups. For all three genotypes, BMI val-
es were comparable in each group (Table 2). No differences
ere observed in the distribution of the genotypes if classi-
ed by BMI.

Among groups 1, 2, and 3, A and T concentrations were
ignificantly greater in group 3 (P�.01). There were no
ignificant differences in T, A, 17OH-progesterone, or cor-
isol concentrations when compared by genotype for each
roup (Table 2).

elationship of Indices of Insulin Sensitivity
ith Genotypes
easurements of GF and IF were obtained in 17 girls with

P and 29 girls with HA. No significant differences in
nsulin levels or in the estimated indices used for the study of
nsulin sensitivity and pancreatic �-cell function (GF:IF,
OMA IS, QUICKI, HOMA IR, IF:GF, HOMA%B) were
etected between the genotypes.

utcome
rospective longitudinal data are available for 29 girls ini-

ially referred for evaluation of PP. All were post-menarche.
wenty girls had persistent HA with elevated A, total T,
nd/or free T concentrations. Nine girls had hormone con-
entrations within the normal range for adult women. Al-
hough not statistically different, there was a predominance
f the G/G genotype among the girls with persistent HA.
even (35%) of 20 girls with persistent HA were homozy-
ous for the G variant, whereas one (11%) of nine girls with
ormal adult androgen concentrations was homozygous for
he G variant.

ariants of IGF1R and CYP21
f the 121 children and adolescent girls, 24 (19.8%) were
eterozygous carriers for CYP21 mutations associated with
ongenital adrenal hyperplasia. Excluding the three sibling
airs, the frequency of heterozygosity for CYP21 mutations
as 18.6%. Ten (29%) of the 34 subjects homozygous for

he A¡G variant (genotype � G/G) in the IGF1R gene, 10
14.9%) of the 67 subjects heterozygous for the A¡G vari-
nt (genotype � G/A), and 4 (20%) of the 20 subjects
omozygous for the A variant (genotype � A/A) were
eterozygous CYP21 mutation carriers. The frequency of

eterozygosity for CYP21 mutations did not vary among the g

414 Roldan et al. IGF1R gene and premature pubarche
hree groups of girls and ranged between 16% and 21%. Four
66%) of the six boys in group 4 were heterozygous carriers
f CYP21 mutations, and all carried the A¡G variant on at
east one IGF1R allele.

ISCUSSION
he insulin/IGF-1 pathways influence longevity in numerous
rganisms, for example, Caenorhabditis elegans, Drosoph-
la melanogaster, Saccaromyces, and mammals (36–39).
ong-lived human beings have lower IGF-1 concentrations
nd are more insulin sensitive (40). Integral to this pathway
s the IGF-1 receptor, which mediates the metabolic and
itogenic actions of IGF-1.

To ascertain for genetic factors influencing longevity,
GF-1 concentrations and genotype of the A¡G polymor-
hism in codon 1013 of the IGF1R gene were determined in
lder (86–109 y; mean age, 98.0 � 4.31 y) and younger
17–85 y; mean age, 54.8 � 21.5 y) Caucasian subjects. The

variant in the IGF1R gene was underrepresented in the
lder subjects. Homozygosity for the A variant was associ-
ted with the lowest mean IGF-1 concentration, whereas
eterozygosity was associated with a slightly higher mean
GF-1 concentration, and homozygosity for the G variant
as associated with the highest mean IGF-1 concentration

30). These findings provide evidence for gene dosage ef-
ects such that IGF-1 concentrations are influenced by the
GF1R genotype at codon 1013.

Acting through IGF1R, IGF-1 augments steroidogenesis
n both cultured human adrenal cells and fetal adrenocortical
ells (11, 41). With the observations that IGF-1 concentra-
ions rise during childhood and that girls with PP have
levated IGF-1 concentrations, it has been speculated that
GF-1 plays a role in the initiation of adrenarche. Thus, we
ypothesized that the G variant, which has been associated
ith higher IGF-1 concentrations, may be more common in

hildren with PP.

In our population, the G allele was overrepresented in the
ubjects with PP, with 23 (33%) of the 69 children with PP
eing homozygous for the G allele. All six boys with PP
arried the G variant on at least one allele. For the adolescent
irls who presented with HA, the frequency of the G variant
as comparable to the frequency in the healthy control

ubjects. The increased frequency of the G variant presum-
bly reflects the importance of IGF-1 and IGF1R in the
tiology of PP caused by PA. Our findings suggest that
omozygosity for the G allele of IGF1R, in girls with PP, is
ssociated with an increased propensity to develop PCOS.

Variants in different genes coding for proteins impacting
specific biological system may modify the phenotype. For

xample, the N363S variant in the glucocorticoid receptor
ene has been associated with less severe virilization of the
xternal genitalia in girls with classical congenital adrenal
yperplasia (41). Heterozygosity for mutations in the CYP21

ene has been associated with both PP and PCOS by us and
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thers (42–46). The frequency of CYP21 mutations was
omparable among the three IGF1R genotypes (G/G, G/A,
nd A/A) and among the three groups of girls. However, all
ix boys carried the A¡G variant on at least one allele, and
6% also were heterozygous CYP21 mutation carriers. Thus,
eterozygosity for CYP21 mutations does not appear to
ffect the phenotype in girls, but evaluation of more boys
ith PP is necessary to ascertain whether heterozygosity for
oth CYP21 and IGF1R variants increases the risk for PP
aused by PA in boys.

Premature adrenal DHEAS secretion reflects changes in
drenal steroidogenesis attributed to increased expression of
YP17, cytochrome b5, and DHEA-sulphotransferase and
ecreased expression of 3�-hydroxysteroid dehydrogenase
47). Changes in ACTH secretion do not initiate adrenarche;
ather, ACTH plays only a permissive role by maintaining
he adrenal steroidogenic machinery. In adolescent girls with
A (incipient PCOS), ovarian theca cells also secrete an-
rogens. Intrinsic differences in PCOS theca cells associated
ith persistent excessive androgen secretion have been iden-

ified (48, 49). Yet, although IGF-1 may influence ovarian
ndrogen secretion, its role appears to be subservient to LH.
n premature adrenarche, the excessive androgen secretion is
enerally limited to the adrenal gland, whereas in PCOS, the
roportion of the ovarian and adrenal androgen secretion

FIGURE 1

Potential outcomes after gonadarche for girls with
premature pubarche. After presentation with
premature pubarche caused by premature
adrenarche, some girls have normal androgen
concentrations and regular menses during their
teen years. Post-gonadarche, some girls manifest
persistent HA and may develop oligomenorrhea or
amenorrhea; these are clinical features that are
consistent with the development of PCOS. The
presence of the G variant in the IGF1R gene may
increase the propensity for a girl with PP to
develop PCOS.

Roldan. IGF1R gene and premature pubarche. Fertil Steril 2007.
ay vary among affected women.

ertility and Sterility�
Insulin resistance, hyperinsulinemia, and obesity play ma-
or roles in the pathophysiology of PP, HA, and PCOS (4).
o assess whether an association exists between IGF1R
enotype and insulin sensitivity, surrogate estimates of in-
ulin sensitivity (GF–IF, homeostasis model assessment es-
imate of insulin sensitivity, quantitative insulin sensitivity
heck index) and insulin secretion (IF–GF, homeostasis
odel assessment estimate of insulin resistance, and ho-
eostasis model assessment estimate of pancreatic �-cell

unction) in children and adolescents were used (33, 34). The
ack of association between these indices of insulin sensitiv-
ty and the IGF1R genotype may be a result of the small
ample size. One limitation of our study is the inability to
orrelate IGF-1 concentrations with IGF1R genotype be-
ause of the unavailability of IGF-1 determinations.

Available information suggests that PCOS is a multifac-
orial polygenic disorder related to the interactions of mul-
iple susceptibility and protective gene variants with envi-
onmental factors (21, 25). Our findings provide evidence
uggesting that 1) the G variant of the IGF1R gene is
ssociated with PP and 2) the IGF-1–IGF1R system plays a
reater role in the pathophysiology of the adrenal hyperan-
rogenism associated with PP than in the ovarian hyperan-
rogenism found in adolescent HA and PCOS (Fig. 1).

Replication and larger sample sizes will provide the most
owerful and productive approaches to confirm the associa-
ion between PP and the G¡A variant in the IGF1R gene
50, 51). Hence, additional studies are needed to determine
hether our finding can be replicated in other groups of

hildren with PP.

cknowledgments: The authors gratefully acknowledge the technical assis-
ance of the nurses of the General Clinical Research Center at the Children’s
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Association of increased total antioxidant capacity
and anovulation in nonobese infertile patients
with clomiphene citrate–resistant polycystic
ovary syndrome
Fatma Ferda Verit, M.D.,a Ozcan Erel, M.D.,b and Abdurrahim Kocyigit, M.D.b

a Department of Obstetrics and Gynecology and b Department of Clinical Biochemistry, Faculty of Medicine,

Harran University, Sanliurfa, Turkey

Objective: To investigate whether total antioxidant capacity (TAC) could predict the response to ovulation induc-
tion to clomiphene citrate (CC) in nonobese women with polycystic ovary syndrome.
Design: Prospective longitudinal follow-up study.
Setting: Academic hospital.
Patient(s): Fifty-five nonobese, oligomenorrheic women with polycystic ovary syndrome and normal indices of
insulin sensitivity.
Intervention(s): None.
Main Outcome Measure(s): Standard clinical examinations and ultrasonographic and endocrine screening, includ-
ing FSH, LH, E2, P, total T, sex hormone–binding globulin, DHEAS, and TAC were performed before initiation of
CC medication.
Result(s): Within the total group, 27 (49%) of the patients did not ovulate at the end of follow-up. TAC, free
androgen index, and ovarian volume were all significantly different in CC nonresponders from those in responders.
Total antioxidant capacity was found to be the best predictor in univariate analysis (odds ratio, 171.55; 95%
confidence interval, 10.61–2,772.93), and it had the highest area in the receiver operating characteristics analysis
(0.91). In a multivariate prediction model, TAC, free androgen index, and ovarian volume showed good predictive
power, with Hosmer-Lemeshow goodness of fit test of 0.80.
Conclusion(s): Total antioxidant capacity was the strongest predictor of ovarian response during CC induction of
ovulation in these patients. It can be concluded that TAC can be used as a routine screening test. (Fertil Steril�

2007;88:418–24. �2007 by American Society for Reproductive Medicine.)

Key Words: Polycystic ovary syndrome, clomiphene citrate, anovulation, total antioxidant capacity
Polycystic ovary syndrome (PCOS) is one of the most com-
mon endocrinopathies in women, affecting 5%–10% of the
population (1). It is characterized by chronic anovulation,
obesity, hyperandrogenism, and infertility.

However, not all women with PCOS are obese. Between
20% and 50% of women with PCOS are normal weight or
thin, and the pathophysiology of the disorder in these women
may differ from that in obese women. Several studies have re-
ported endocrine and metabolic differences between lean and
obese women with PCOS. These studies have demonstrated,
in addition to alterations in insulin sensitivity that were inde-
pendent of obesity (2–4), more marked hyperinsulinemia and
insulin resistance, relative hyperglycemia, and lower sex hor-
mone–binding globulin (SHBG) in the obese compared with
lean women with PCOS (5–7). It was also found that nonob-
ese women with PCOS have significantly higher LH levels
than do obese women with the syndrome (8, 9).

Received June 5, 2006; revised and accepted November 27, 2006.

Reprint requests: Fatma Ferda Verit, M.D., Department of Obstetrics and

Gynaecology, Faculty of Medicine, Harran University Research Hospi-

tal, Tr-63100 Sanliurfa, Turkey (FAX: 90-414-315-1181; E-mail: fverit@

harran.edu.tr).
ertility and Sterility� Vol. 88, No. 2, August 2007
opyright ª2007 American Society for Reproductive Medicine,
Clomiphene citrate (CC) is considered to be the first-line
strategy for ovulation induction in these patients, yet a signif-
icant proportion of women fail to ovulate on CC (10). Gonad-
otropins are a well-established treatment that can be offered
to those poor responders; however, gonadotropin use is
more expensive and is associated with a higher risk of multi-
ple pregnancy and ovarian hyperstimulation syndrome.

Etiological factors involved in CC resistance are still
unclear. Previous studies indicated that body mass index
was the only parameter that was associated with a decreased
response to CC (11, 12). Another study reported that obese
hyperandrogenic amenorrheic patients were more likely to
be resistant to CC medication (13). Patients who remained
anovulatory after treatment with CC showed greater insulin
resistance than those who successfully responded (14).
However, the pathophysiological factors that affect the
response to CC in nonobese women with PCOS have not
been studied in detail.

Antioxidants that prevent or limit the damaging effects of
oxygen radicals have been reported to have important roles in
female reproductive system and in the pathogenesis of female
infertility (15–17). They are one of the modulators of ovarian
germ cell and stromal cell physiology (16) and affect a variety
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of ovarian functions such as apoptosis, ovulation, and ste-
roidogenesis (17, 18). However, studies have reported that
high levels of antioxidants have detrimental effects on repro-
ductive function and health that may cause amenorrhea,
reduce fertility, and increase the probability of abortion, em-
bryotoxicity, and teratogenicity (19).

Given the presumed effects of antioxidants on reproduc-
tive function, the aim of this study was to investigate whether
total antioxidant capacity (TAC) was associated with CC-
resistant anovulation (CRA) in nonobese, oligomenorrheic,
and infertile PCOS women with normal indices of insulin
sensitivity.

MATERIALS AND METHODS

A total of 55 nonobese (body mass index of <25 kg/m2),
oligomenorrheic infertile patients with PCOS and without
any clinical or biochemical criteria indicating insulin resis-
tance were enrolled in the study. The study was approved
by Harran University’s institutional review board, and
informed consent was obtained from each participating
woman. Polycystic ovary syndrome was diagnosed on the
basis of chronic anovulation, hirsutism, and/or biochemical
signs of hyperandrogenism and the presence of polycystic
ovaries on transvaginal ultrasonography (20). Oligomenor-
rhea was defined as cycle intervals of >35 days but <6
months. Anovulation was defined as absent folliculogenesis,
determined by ultrasonography for 35 days. Hirsutism was
defined as the Ferriman-Gallwey score R7 (21). Biochemi-
cal hyperandrogenism was defined as serum total T that was
>2 SD above the mean for nonhirsute, ovulatory women,
excluding hyperprolactinemia and late-onset 21-hydroxy-
lase deficiency, as shown by either a basal serum 17-hy-
droxyprogesterone level of <2 ng/mL or a normal 1-hour
ACTH stimulation test result (22). Normal insulin sensitiv-
ity was defined on the basis of clinical and laboratory crite-
ria (23). These include the presence of obesity or acanthosis
nigricans; fasting serum glucose and insulin levels; fasting
serum glucose-to insulin ratio (24); and the serum insulin
response to oral glucose tolerance test (25), or homeostatic
model of insulin resistance (HOMA-IR) (26), both of which
have demonstrated reasonable correlation against the hyper-
insulinemic–euglycemic clamp technique (26).

A standard 75-g serum insulin response to oral glucose tol-
erance test and a test of the insulin response to oral glucose
loading were performed after 10–12 hours of fasting, be-
tween 8:30 and 10:30 AM. Glucose tolerance state was
evaluated by using the criteria of the American Diabetes
Association (27). The responses of glucose and insulin to
the oral glucose tolerance test were analyzed by calculating
the area under the curve (AUC) for insulin and the AUC for
glucose by using the trapezoidal method (23).

The following formula was used to calculate HOMA-IR:

HOMA-IR ¼ fasting blood sugar ðmg=dLÞ
� fasting insulin ðmIU=mLÞ=405 ð26Þ:
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Patients were classified as insulin resistant if fasting insulin
was >25 mIU/mL (28–30), fasting serum glucose-to insulin
ratio was <4.5 (24), peak serum insulin during oral glucose
tolerance test was >100 mIU/mL, and HOMA-IR was >4
(31).

Additional inclusion criteria were serum FSH levels within
normal limits (1–10 IU/L) (10), spontaneous menses or a posi-
tive bleeding response to progestagen withdrawal, and nor-
mal serum PRL and TSH levels. The primary exclusion
criteria were other causes of infertility, such as hypothalamic
amenorrhea, premature ovarian failure, negative postcoital
test, congenital adrenal hyperplasia, androgen-secreting tu-
mors or ovarian tumor, Cushing syndrome, and any tubal or
peritoneal factor; previous treatment with CC or gonadotro-
pins; age >40 years; and a partner with male infertility. We
defined male infertility as a semen analysis that did not
meet the World Health Organization criteria for concentra-
tion, motility, and/or morphology (32). No patient with
PCOS had a history of ovarian surgery or had taken any med-
ications to affect ovarian function during the preceding 3
months.

Standardized initial clinical, sonographic, and endocrine
screening took place before initiation of induction of ovula-
tion with CC medication. Clinical screening included age,
infertility and cycle history, body mass index, previous med-
ication, and/or surgery. Ovarian volume (OV) determination
was performed by using the formula for the volume of an
ellipsoid;

OV ¼ 0:523� length� width� thickness ð33Þ:

Endocrine screening included serum assays for FSH, LH,
E2, P, TSH, PRL, insulin, total T, SHBG, and DHEAS. Fast-
ing venous blood samples were taken on a random day,
between 8 and 10 AM, before initiation of therapy. Blood sam-
ples were processed by centrifuge within 2 hours after with-
drawal and were stored at �20�C until assayed.

Hormone Assays

Serum levels of FSH, LH, PRL, TSH, and E2 were measured
by electrochemiluminescent immunoassay (Roche, E170;
Mannheim, Switzerland). Testosterone, P, insulin, SHBG,
and DHEAS were also determined by electrochemilumines-
cent immunoassay (Immulite 2000, Los Angeles, CA). Intra-
and interassay coefficients of variation, respectively, were
<2.6% and <3.6% for FSH, <1.2% and <2.0% for LH,
<3.3% and <4.7% for E2, <7.0% and <10.1% for P,
<1.3% and <3.7% for TSH, <1.2% and <5.5% for PRL,
<3.9% and <5.0% for insulin, <7.2% and <8.2% for T,
<2.5% and <4.2% for SHBG, and <6.3% and <8.8% for
DHEAS.

Measurement of TAC

Total antioxidant capacity of blood samples was determined
by using an automated measurement method (34). In this
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method, the hydroxyl radical, the most potent radical, is pro-
duced via Fenton reaction, and consequently, the colored di-
anisidinyl radical cations, which also are potent radicals, are
produced in the reaction medium of the assay. Antioxidant
capacity of the added sample against these colored potent
free-radical reactions is measured as total. The assay has ex-
cellent precision values; within and between precision values
were <3%. The results were expressed as millimoles of
Trolox equivalent per liter (35, 36).

Protocol for CC Ovulation Induction

Clomiphene citrate was administered at a daily dose of 50 mg
(which was increased to 100 and 150 mg in subsequent cycles
in the case of absent ovarian response) on cycle days 2–6 after
initiation of spontaneous or progestin-induced withdrawal
bleeding. Ovulation after CC treatment was assessed by
midluteal serum P levels of >4 ng/mL, combined with trans-
vaginal sonographic monitoring of follicle growth until visu-
alization of a preovulatory follicle (mean diameter,>18 mm).
If ovulation occurred, the CC dose remained unaltered during
subsequent cycles. The duration of follow-up for all patients
included in the study was at least three treatment cycles. First
ovulation after CC was used as the end point. Responders
were defined as patients who ovulated after CC, independent
of the dose administered. The number of treatment cycles and
the CC dose at which first ovulation occurred were recorded.
Clomiphene citrate–resistant anovulation was defined as
patients who did not ovulate despite receiving maximum
treatment doses of 150 mg/d.

Statistical Analysis

Distribution of characteristics in patient groups was presented
as mean� SD. The correlations between TAC and free andro-
gen index (FAI; FAI¼T� 100/SHBG) and OV were assessed
by using Pearson’s correlation analysis. The univariate and
multivariate relation with response to CC was assessed by us-
ing logistic regression analysis. The following parameters
were used in the test: age, primary infertility, body mass in-
dex, fasting glucose, insulin, TSH, LH, FSH, E2, P, PRL,
FAI, DHEAS, TAC, and OV. Multivariate logistic analysis
was used for prediction of patients as CRA, and P%.10 was
used as a cutoff level for elimination of nonsignificant
predictors from the prognostic model. The area under the
receiver operating characteristic curve (AUC) was used to
assess the discriminative ability of the logistic models.

RESULTS

Twenty-seven patients (49% of total group) who did not
ovulate after CC medication were considered to have CRA.
A total of 148 cycles were analyzed.

Clinical, endocrine, and ultrasound characteristics of the
patients are summarized in Table 1. Patients with CRA
have higher levels of T, FAI, TAC, and OV and have lower
SHBG levels as compared with CC responders. There were
no differences in terms of age, type of infertility (primary
420 Verit et al. Total antioxidant capacity in clomiphene
or secondary), body mass index, LH, FSH, E2, P, PRL,
TSH, or DHEAS between both groups (Table 1). Neither
were differences found in fasting glucose, fasting insulin,
HOMA-IR, AUC glucose, and AUC insulin between these
two groups (Table 1).

The AUCs for TAC, FAI, and OV are shown in Figure 1.
Total antioxidant capacity had the highest AUC value
(0.91) in the study, followed by FAI (0.82) and OV (0.81).

The relationships among TAC, FAI, and OValso were eval-
uated. There were positive correlations between TAC and OV
(r¼ 0.58, P<.0001), TAC and FAI (r¼ 0.50, P<.0001), and
FAI and OV (r ¼ 0.34, P¼.01) in the study.

Results of the univariate and multivariate logistic regres-
sion analyses were depicted in Table 2. Free androgen index,
TAC, and OV were significantly associated with CRA in uni-
variate logistic regression analysis. The final multivariable
model also contained the same three variables: TAC, FAI,
and OV. The multivariable adjusted odds ratio for persistent
anovulation was 103.20 (95% CI: 2.90–3,671.62) for TAC,
2.79 (95% CI: 1.21–6.41) for FAI, and 1.65 (95% CI: 1.01–
2.70) for OV. Of these three variables, TAC was the strongest
predictor (P¼.009).

Hosmer-Lemeshow goodness of fit test was found to be
well calibrated in this final model (P¼.80).

DISCUSSION

In this study, we found that increased TAC, FAI, and OV all
were predictive for CRA in nonobese, oligomenorrheic, in-
fertile women with PCOS. A combination of these factors
showed good predictive power, with Hosmer-Lemeshow
goodness of fit test of 0.80. Among these initial screening
parameters, TAC most prominently predicted the ovarian
response.

Several studies have investigated the use of multivariate
model for predicting the value of clinical and endocrine
screening parameters for the response to CC. Patients with
oligomenorrhea or amenorrhea, obesity, increased OV, and
elevated androgen levels were most likely to remain anovula-
tory after CC induction of ovulation (10). It also has been
demonstrated that FAI and leptin levels were the most promi-
nent endocrine predictors of ovarian response during CC
induction (37).

Polycystic ovary syndrome is the most common cause of
anovulatory infertility. The underlying mechanism of this dis-
order, including of anovulation, is unknown. To obtain a better
understanding of the steroidogenesis and other biological fea-
tures of PCOS, it is important to evaluate the biological char-
acteristics of the individual follicles of these ovaries.

Follicle growth and development are abnormal in PCOS.
Dysfolliculogenesis results from decreased apoptosis at an
early stage of follicular growth, which allows too many folli-
cles to develop a theca that is competent to synthesize
citrate–resistant anovulation Vol. 88, No. 2, August 2007



TABLE 1
Clinical, endocrine, and ultrasound characteristics during initial screening of 55 nonobese
normogonadotropic oligomenorrheic infertile women, separated between patients who do
(responders) or do not ovulate (CRA) after CC induction of ovulation.

Screening parameters
CC responder
(n [ 28; 51%)

CRA
(n [ 27; 49%) P

Clinical
Age (y) 25.50 � 4.08 25.59 � 5.32 .94
Primary infertility, n (%) 22 (78.6) 24 (88.9) .64
BMI (kg/m2) 20.85 � 2.44 21.53 � 1.38 .35

Endocrine
LH (mIU/mL) 7.94 � 3.44 8.51 � 3.36 .12
FSH (mIU/mL) 4.60 � 1.44 4.39 � 1.22 .29
E2 (pg/mL) 43.21 � 13.82 42.64 � 14.45 .88
P on cycle day 21 (ng/mL) 1.51 � 1.22 1.36 � 1.22 .64
PRL (ng/mL) 13.11 � 4.06 13.83 � 4.94 .55
TSH (mIU/mL) 1.81 � 0.96 1.62 � 0.52 .36
Total T (ng/dL) 57.28 � 20.97 76.27 � 32.11 .012
SHBG (nmol/L) 31.68 � 15.03 19.07 � 9.00 <.0001
FAI (T � 100/SHBG) 2.29 � 1.36 4.58 � 2.43 <.0001
DHEAS (mg/dL) 242.12 � 92.25 248.16 � 104.88 .49
Fasting glucose (mg/dL) 97.46 � 8.67 100.20 � 9.73 .27
Fasting insulin (mIU/mL) 10.72 � 5.02 11.11 � 6.57 .80
Fasting glucose/insulin 11.38 � 4.53 10.69 � 3.83 .54
HOMA-IR 2.25 � 0.80 2.32 � 0.84 .75
AUC glucose (mg/dL per min) 19.022 � 3,241 19.564 � 2,319 .33
AUC insulin (mU/mL per min) 32,652 � 15,386 33,694 �19,420 .56
TAC (mmol Trolox Eq./L) 1.38 � 0.28 2.19 � 0.51 <.0001

Ultrasound OV (mL) 11.00 � 2.32 13.78 � 1.93 <.0001

Note: Data are mean � SD, unless otherwise indicated. BMI ¼ body mass index.

Verit. Total antioxidant capacity in clomiphene citrate–resistant anovulation. Fertil Steril 2007.
androgens (38). Increased number of developing preantral
follicles has been shown histologically in PCOS ovary (38).

It has been reported that reactive oxygen species initiate
the apoptotic cascade in granulosa cells and that antioxi-
dants exert an antiapoptotic effect in cultured preovulatory
follicles (39). Ascorbic acid (vitamin C) reduced apoptosis
during in vitro growth of mice oocyte granulosa cells and
intact preantral follicles in serum-free conditions (40–42).
Ovarian tissue apoptosis was suppressed in vitro by another
antioxidant, N-acetyl-L-cysteine (43). We found that TAC
was significantly higher in CRA than in CC responders,
suggesting the detrimental effects of antioxidants on apo-
ptosis and ovulation.

Ovarian enlargement in PCOS is caused mainly by stro-
mal changes (44). Thecal cell overactivity, excessive folli-
cular maturation, and atresia increase the ovarian stroma
(44). Androgen overproduction is one of the major etiologic
factors of increased OV in PCOS (44–46). Administration
of T to adult female rhesus monkeys increases the number
of small ovarian follicles, from primary follicles to small
Fertility and Sterility�
antral follicles of %1 mm in diameter (46, 47). It also
increases granulosa cell proliferation, as measured by the
cell proliferation–specific antigen Ki67, and decreases apo-
ptotic cell death, as determined by in situ detection of DNA
fragmentation (46, 47). We demonstrated that OV was sig-
nificantly increased in CRA and that there was a positive
correlation between FAI and OV.

There was also a strong relationship between OV and TAC
in this study. Total antioxidant capacity appears to have tro-
phic effects on ovaries by suppressing the process of apopto-
sis or inducing cell proliferation. Antioxidants have been
claimed to have a role in collagen synthesis that is essential
for basement membrane construction during follicular
growth (42). Early studies implicated ascorbic acid in the reg-
ulation of the Graafian follicular basement membrane; lack of
ascorbic acid causes degeneration of follicle membranes, and
high doses inhibit collagenolytic activity in mature follicles
(41). Ascorbic acid also influences the actions of matrix met-
alloproteinases that are associated with the remodeling of
extracellular matrix within ovaries (41).
421



FIGURE 1

Receiver operating characteristic curves of serum
TAC, FAI, and OV.

Verit. Total antioxidant capacity in clomiphene citrate–resistant anovulation. Fertil

Steril 2007.
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In rat ovary, follicular development was associated with an
increase in vitamin A (48). Granulosa cells, under the influ-
ence of FSH, take up ascorbic acid actively (49), and al-
though this is consistent with the idea of ascorbic acid
being required as a co-factor in collagen synthesis and hence
in basal lamina expansion, it is likely that ascorbic acid also
functions as an antioxidant preventing cell death (41).

Total antioxidant capacity also may induce ovarian growth
via its androgenic activity. Suzuki et al. (17) demonstrated
immunohistochemical localization of superoxide dismutase,
an antioxidant enzyme, in granulosa and theca interna cells
of steroid-producing follicles, that is, preantral, nondomi-
nant, dominant, and atretic follicles that play important roles
in follicular growth and steroidogenesis. Luteinizing hor-
mone–induced androgen biosynthesis in rat ovary is medi-
ated by antioxidants (17). Steroidogenic cells have a full
spectrum of antioxidant molecules, and antioxidants regulate
the function of the steroidogenic enzymes that are dependent
on cytochrome P-450 (48, 50). Antioxidants are concentrated
in tissues producing steroid hormones, in which they protect
highly sensitive steroidogenic activities of cytochrome P-450
against lipid peroxidation and enhance steroidogenesis (50).
Depletion of specific antioxidants can lead to loss of activity
of so-called sensitive cytochrome P-450s (48). Studies in
bovine luteal cells in culture have shown that b-carotene
depletion caused inactivation of P-450 steroidogenesis (48).
TABLE 2
Univariate and multivariate logistic regression analyses, odds ratios, and 95% confidence intervals of
endocrine screening parameters in 55 normogonadotropic oligoamenorrheic infertile women for the
prediction of patients remaining anovulatory after CC induction of ovulation.

Single variable Multivariable

Steps in the analyses Odds ratio (95% CI) P Odds ratio (95% CI) P

Clinical
Age (y) 1.00 (0.89–1.12) .94
Primary infertility (n) 2.18 (0.48–9.79) .30
BMI (kg/m2) 1.19 (0.90–1.57) .20

Endocrine
LH (mIU/mL) 1.05 (0.89–1.23) .53
FSH (mIU/mL) 0.88 (0.59–1.32) .56
E2 (pg/mL) 0.99 (0.96–1.03) .87
P on cycle
day 21 (ng/mL)

0.90 (0.57–1.40) .90

PRL (ng/mL) 1.03 (0.92–1.17) .54
TSH (mIU/mL) 0.71 (0.35–1.45) .36
FAI (T � 100/SHBG) 2.55 (1.51–4.29) <.0001 2.79 (1.21–6.41) .015
DHEAS (mg/dL) 1.00 (0.99–1.00) .81
Fasting glucose (mg/dL) 1.03 (0.97–1.09) .27
Fasting insulin (mIU/mL) 1.01 (0.92–1.09) .80
TAC (mmol Trolox Eq./L) 171.55 (10.61–2,772.93) <.0001 103.20 (2.90–3,671.62) .009

Ultrasound OV (mL) 1.74 (1.28–2.35) <.0001 1.65 (1.01–2.70) .046

Verit. Total antioxidant capacity in clomiphene citrate–resistant anovulation. Fertil Steril 2007.
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Aromatase that catalyzes the conversion of androgens to
estrogens also is mediated by antioxidants (51). Ascorbic
acid directly decreases aromatase activity (41). It also has
been reported that superoxide dismutase has inhibitory
effects on aromatase enzyme (51). Superoxide dismutase
inhibits this enzyme activity by cyclic guanosine monophos-
phate–dependent signaling pathways (51). We found a strong
correlation between FAI and TAC in this study, supporting
the steroidogenetic activity of antioxidants.

Hypothalamic pituitary dysfunction may also play a role in
CRA (10). However, LH concentrations did not predict ovari-
an response after CC medication in our study, in accordance
with recent observations published elsewhere (10). These
data oppose the concept that elevated LH is implemented in
ovarian dysfunction in these patients (10). The assessment
of LH levels in anovulatory patients is difficult because of
effects of timing, the immunoassays used, and the pulsatile
nature of LH release.

In this study, we wanted to focus on ovulation rather than
conception. Ovulation is biologically relevant and mostly
connected to the desired effects of CC medication. Determi-
nation of conception is not reliable; it is multifactorial in
origin, and sometimes no etiology can be identified.

In summary, we showed that TAC, FAI, and OV can predict
those patients who remain anovulatory after CC medication.
Among the mentioned parameters, TAC had the highest
predictive value. Although antioxidant activity has close
relationships between FAI and OV, the mechanism of its in-
creased activity remains unclear. Elevated antioxidant status
may contribute to functional and organic disturbances in ste-
roidogenesis, ovulation, and OV. We recommend that TAC be
used as a routine screening test for predicting the response to
ovulation induction to CC in nonobese, oligomenorrheic, and
infertile women with PCOS.
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External validation of a prediction model for an
ongoing pregnancy after intrauterine insemination
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Objective: To assess the accuracy of our recently developed prediction model in a prospective validation study to
predict the outcome of intrauterine insemination (IUI).
Design: Descriptive prospective validation study.
Setting: Seven fertility centers in the Netherlands.
Patient(s): Couples treated with IUI of whom the female partner had a regular cycle.
Intervention(s): Intrauterine insemination with or without controlled ovarian hyperstimulation.
Main Outcome Measure(s): Ongoing pregnancy after intrauterine insemination. Performance of the prediction
model was assessed with calibration and discriminative capacity. Calibration was assessed by comparing the pre-
dicted ongoing pregnancy rate with the observed ongoing pregnancy rate. Discriminative capacity was assessed
with receiver operation characteristic (ROC) analysis. For daily practice, a score worksheet of the validated model
was developed to estimate the chance of an ongoing pregnancy after IUI per treatment cycle.
Result(s): We included 1,079 subfertile couples who underwent 4,244 cycles of IUI. There were 278 ongoing
pregnancies, that is, an ongoing pregnancy rate of 6.6% per cycle. External validation of the model showed
good calibration. The predicted probability never differed by more than 1.5% of the mean observed probability.
The area under the ROC curve was 0.56 (95% confidence interval, 0.53–0.59) at external validation.
Conclusion(s): The prediction model was able to make a good distinction between couples with a good pregnancy
chance and those with a poor pregnancy chance after IUI. This model can help in deciding which couples will
benefit from IUI and which couples will not. (Fertil Steril� 2007;88:425–31. �2007 by American Society for
Reproductive Medicine.)

Key Words: Intrauterine insemination, prognosis, prediction model, external validation, ongoing pregnancy,
subfertility
Intrauterine insemination (IUI) is an established treatment for
subfertility due to cervical factor, male factor, or unexplained
etiology (1–3). To make a rational choice between IUI and
other treatment options, accurate information on the expected
ongoing pregnancy chance after treatment is therefore very
important.

Received May 10, 2006; revised and accepted December 22, 2006.

This study was supported by grant no. 945/12/002 from the Netherlands

Organization for Health Research and Development, the Hague, the

Netherlands.

Presented at the 22nd Annual Meeting of the Society of Human Reproduc-

tion and Embryology, ESHRE 2006, which was held in Prague, on June

18–21, 2006.

Reprint requests: Inge Custers, M.D., Academic Medical Center, Center

for Reproductive Medicine, room H4-213, Department of Obstetrics

and Gynecology, Meibergdreef 9, 1105 AZ Amsterdam, the Netherlands

(FAX: 31-20-6963489; E-mail: i.m.custers@amc.uva.nl).
0015-0282/07/$32.00
doi:10.1016/j.fertnstert.2006.12.007 Copyright ª2007 American
At present, several prediction models are available to cal-
culate the chance of an ongoing pregnancy. For spontaneous
pregnancy the model of Hunault et al. makes it possible to
predict the chance of a treatment-independent ongoing preg-
nancy (4). Templeton et al. developed a model to predict the
probability of a pregnancy after IVF treatment (5). Steures
et al. developed a model for the prediction of ongoing preg-
nancy after IUI (6).

Since a model tends to perform better in the population in
which it has been constructed, external validation is a crucial
step before the model can be used in daily practice (7). Both
the model of Hunault et al. and the model of Templeton
et al. have been validated (8, 9). For the prediction model
for IUI there has so far been no external validation. The aim
of this study was therefore to validate the IUI prediction model
with prospectively collected data from an external population.
Fertility and Sterility� Vol. 88, No. 2, August 2007 425
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MATERIALS AND METHODS

Patients

From January 2000 to October 2005, consecutive subfertile
couples undergoing IUI were included in this study. Data
were collected from seven fertility centers in the Netherlands:
Academic Medical Center, Amsterdam; TweeSteden Zieken-
huis, Tilburg; Gooi-Noord Ziekenhuis, Blaricum; Vie Curi
Medical Center, Venlo; Zaans Medical Center, Zaandam;
Scheper Ziekenhuis, Emmen; and Máxima Medical Center,
Veldhoven. The local ethics committee of each participating
center gave institutional review board approval for this study.

All couples had been trying to conceive for at least 12
months and underwent a basic fertility workup according to
the guidelines of the Dutch Society of Obstetrics and Gynecol-
ogy (10). The basic fertility workup consisted of a medical and
a fertility history, assessment of ovulation, semen analysis,
postcoital test (PCT), and an assessment of the fallopian tubes.

If the woman was ovulatory, which was confirmed by ultra-
sound, basal body temperature, and/or midluteal serum P, and
had at least one patent tube as assessed by hysterosalpingog-
raphy and/or laparoscopy, the couple was included in the
study. If abnormalities were seen during hysterosalpingogra-
phy, laparoscopy was performed to rule out tubal pathology.
Only in these women was endometriosis assessed. The cou-
ples that received IUI were diagnosed with either male factor
subfertility, cervical factor, or unexplained subfertility.

Male factor subfertility was defined according to World
Health Organization criteria: semen volume %2.0 mL, pH
%7.2, concentration %20 million/mL, progressive motile
spermatozoa within 1 hour of ejaculation %50%, normal
morphology of spermatozoa %15%, or sperm antibodies
R50% resulted in a diagnosis of male factor subfertility
(11). Cervical factor subfertility was diagnosed by means
of at least one well-timed PCT in which no progressive motile
spermatozoa were seen in five high-power fields at a magnifi-
cation of 400�. If timing of the PCT was based on the basal
body temperature curve, the PCT was timed 1 day before ex-
pected ovulation. If timing was based on ultrasound, the PCT
was planned when the dominant follicle was at least 18 mm in
diameter. A cervical factor was only diagnosed if the total
motile count of the semen analysis was at least 10 million.
Unexplained subfertility was defined as subfertility without
any demonstrable cause.

For each treated couple, maternal age, duration of subfer-
tility, primary or secondary subfertility, number of cycles,
presence of male or cervical factor, presence of one-sided
tubal pathology, uterine anomalies, and endometriosis were
registered. The use and type of ovarian hyperstimulation
was also documented.

IUI Protocol

Intrauterine insemination was performed with or without
controlled ovarian hyperstimulation (COH). In case IUI
was performed without COH, ovulation detection was per-
426 Custers et al. External validation of model for IUI
formed with urine LH tests (a semiquantitative monoclonal
antibody-based kit, OvuQuick, Quid San Diego) with a detec-
tion level of 40 IU, or by transvaginal ultrasound. When LH
tests were used for ovulation detection, patients tested their
urine samples once or twice a day, starting on an individually
determined cycle day. Women were inseminated 20–30 hours
after the endogenous LH surge had been detected in the urine
sample. In the event of follicular growth monitoring by trans-
vaginal ultrasound, hCG (Pregnyl, Organon, Oss, the Nether-
lands) was administered when a follicle had a diameter of at
least 16 mm. Women were inseminated 36–40 hours later.
In both cases, a suspension of processed spermatozoa was in-
troduced into the uterine cavity with a catheter of 10 cm in
length (International Medical, Zutphen, the Netherlands).

Controlled ovarian hyperstimulation was performed to
achieve the growth of two or three dominant follicles before
administration of hCG; COH was performed with hMG, re-
combinant FSH, or clomiphene citrate. When at least one fol-
licle with a diameter of 16 mm was seen during ultrasound
monitoring, hCG was given. The administration of hCG
was withheld and IUI was canceled in the stimulation proto-
cols when more than three follicles with a diameter of at least
16 mm or more than four follicles with a diameter of at least
14 mm were present.

Semen Preparation

Semen samples were processed within 1 hour after ejacula-
tion, using a density gradient centrifugation followed by
a washing step with culture medium. The volume of semen
that was inseminated varied between 0.2 and 1.0 mL.

Data Analysis

The primary endpoint was ongoing pregnancy, which was de-
fined as the presence of fetal cardiac activity seen at transva-
ginal ultrasound at a gestational age of at least 10 weeks.
Twin pregnancies and high-order multiple pregnancies
were also registered.

The analysis was done at cycle level, that is, each cycle was
considered as a separate unit of analysis. The probability of
an ongoing pregnancy after IUI was calculated for all IUI cy-
cles according to the formula given in the IUI prediction
model (see Appendix).

Calibration and discriminative capacity of the model were
evaluated. Calibration was evaluated by comparing the agree-
ment between the predicted ongoing pregnancy chance and
the mean observed ongoing pregnancy rate. The predicted
and the observed fraction were plotted in a calibration plot.
In this plot, the association between the predicted pregnancy
chance and the observed pregnancy chance is shown. In the
ideal situation, all points are situated on the line that de-
scribes x ¼ y (the predicted chance is the observed chance).
All cycles were split into four groups of predicted pregnancy
chance per cycle, that is, 0%–5%, 5%–8%, 8%–11%, and
11%–17% (6).

Discriminative performance of the model was assessed by
the area under the receiver operating characteristic curve
Vol. 88, No. 2, August 2007



Ectopic
pregnancies

(n [ 7)

Twin
pregnancies

(n [ 22)

High-order
multiple

pregnancies
(n [ 6)

6 16 5
1 6 1
4 16 5
3 6 1
2 12 2
1 6 1
1 3 2
1 2 2

0 2 0
3 3 1
2 0 0

2 1 0
2 19 4
1 2 2
2 4 1
1 4 1
2 4 2
0 4 0
1 1 0
0 2 2
0 1 0
0 0 0
1 2 0
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TABLE 1
Baseline characteristics and pregnancy outcome after IUI.

Missing
data

Presence of the
characteristic

(n [ 4,244
cycles)

Pregnancies
(n [ 365)

Ongoing
pregnancies

(n [ 278)
Miscarriage

(n [ 80)

Maternal age (years)
(min-max)

0 33 (20-44)

Duration subfertility
(years) (min-max)

0 2.6 (1-13)

Primary subfertility (%) 0 3,085 (73) 244 192 46
Secondary subfertility (%) 0 1,159 (27) 121 86 34
Referred by family doctor (%) 16 3,387 (80) 276 211 61
Referred by specialist (%) 16 857 (20) 89 67 19
Unexplained subfertility (%) 0 1,762 (42) 172 130 40
Cervical factor subfertility (%) 0 1,072 (25) 99 80 18
Male factor subfertility (%) 0 852 (20) 52 39 12
One-sided tubal

pathology (%)
0 415 (10) 31 22 8

Uterine anomaly (%) 0 167 (4) 11 9 2
Endometriosis (%) 0 499 (12) 28 19 6
No controlled ovarian

hyperstimulation (%)
0 1,106 (26) 72 57 13

Clomiphene citrate (%) 0 411 (10) 41 24 15
Recombinant FSH (%) 0 2,373 (56) 225 176 47
Urinary FSH (%) 0 354 (8) 27 21 5
Cycle 1 0 1,021 98 72 24
Cycle 2 0 891 75 56 18
Cycle 3 0 717 64 52 10
Cycle 4 0 538 45 33 12
Cycle 5 0 443 34 24 9
Cycle 6 0 338 32 27 5
Cycle 7 0 143 5 5 0
Cycle 8 0 67 7 5 2
Cycle 9–13 0 86 5 4 0

Custers. External validation of model for IUI. Fertil Steril 2007.



TABLE 2
Mean predicted probability of an ongoing pregnancy versus the mean observed ongoing pregnancies.

Predicted
chance

No. of patients
in group

Mean predicted
probability, %

No. of
pregnancies

Mean observed
ongoing pregnancies, %

0%–5% 665 3.9 33 5.0
5%–8% 2,469 6.5 171 6.9
8%–11% 1,043 9.0 90 8.6
11%–17% 67 11.9 7 10.4

Custers. External validation of model for IUI. Fertil Steril 2007.
(ROC). Sensitivity was defined as the fraction of cycles not
resulting in an ongoing pregnancy that was predicted cor-
rectly, and specificity was defined as the fraction of cycles
that resulted in an ongoing pregnancy that was predicted cor-
rectly. Calculations were performed with SPSS version 11.5
(SPSS Inc., Chicago).

RESULTS

Overall, 1,079 couples who underwent 4,244 cycles were in-
cluded. Baseline characteristics and pregnancy outcome are
shown in Table 1. In total, 365 pregnancies occurred (8.6%
per cycle), of which 278 were ongoing pregnancies (6.6%
per cycle), 22 pregnancies were twins (7.9% per ongoing
pregnancy), and six were high-order multiple pregnancies
(2.1% per ongoing pregnancy, all triplets). In total there

FIGURE 1

Calibration plot, showing the association between
the predicted chance and observed chance of an
ongoing pregnancy.

Custers. External validation of model for IUI. Fertil Steril 2007.
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were 87 unsuccessful pregnancies, that is, seven ectopic preg-
nancies and 80 miscarriages (in total, 2% per cycle).

The predicted probability of an ongoing pregnancy was
compared with the observed ongoing pregnancy rate in that
category. The difference between the mean observed chance
and the mean predicted chance was less than 1.5% in all
groups, which indicates a good calibration of the prediction
model (Table 2). Calibration is shown in Figure 1. The model
showed good calibration between 5% and 11%. For the pre-
dicted ongoing pregnancy rates above 11%, a slight overesti-
mation was seen, whereas for pregnancy rates <5%,
underestimation was seen. However, the confidence intervals
of the group with a poor predicted chance (0%–5%) and the
group with a good predicted chance (8%–11%) did not over-
lap, which indicates a reliable distinction between these prog-
nostic groups. Discrimination showed a ROC curve with an
area under the curve (AUC) of 0.56 (95% confidence interval,
0.53–0.59) (Fig. 2).

FIGURE 2

Receiver Operating Characteristic - curve.

Custers. External validation of model for IUI. Fertil Steril 2007.
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DISCUSSION

We assessed the external validity of our previously developed
IUI prediction model in a large prospective cohort of more
than 1,000 couples undergoing over 4,000 cycles of IUI. In
this study we demonstrated that the prediction model previ-
ously published by Steures et al. is capable of predicting
the chance of an ongoing pregnancy in different prognostic
groups. In all four prognostic groups, the mean observed

TABLE 3
Prognostic score worksheet.

Parameter Score
Prognostic

score

Female age, years:
20–25 7
26–31 9
32–35 10
36–39 11
40–43 12

Duration of subfertility, years:
1–2 0
2–3 1
3–5 1
5–7 2
7–13 3

Diagnosis:
Unexplained 0
Cervical factor �3
Male factor 1

Pathology:
Tubal 2
Uterine 10
Endometriosis 3

Ovarian hyperstimulation:
No 0
Clomiphene citrate �2
hMG or FSH �2

Cycle no.:
1 1
2 2
3 3
4 4
5–13 5
Total ¼ prognostic index

Note: Write the prognostic score for each of the vari-
ables and total them in bottom row of the last column.
Use the curve in Figure 3 to estimate the chance of an
ongoing pregnancy after the IUI treatment cycle. For
example, a 33-year-old woman with 2.5 years of un-
explained subfertility with no further pathology who
will be treated with FSH has a prognostic index in
the first cycle of: 10 þ 1 þ 0 þ 0 þ (�2) þ 1 ¼ 10.
This score corresponds with an 8.5% chance in the
first treatment cycle.

Custers. External validation of model for IUI. Fertil Steril 2007.
Fertility and Sterility�
chance did not differ more than 1.5% from the mean pre-
dicted chance of an ongoing pregnancy.

A strong point of this study is the large number of cycles
that was prospectively included and the complete and exten-
sive follow-up. Also, since the patients were included in the
study during a relatively short period (2000–2005), the
chance of alterations in patient characteristics or changes in
treatment protocol was limited.

The low area under the ROC curve might be explained by
the homogeneous group of patients undergoing IUI, which
have been filtered by time and diagnostic testing. Therefore,
extreme differences can never be expected. In our validation
sample, treatment was started at a median duration of subfer-
tility of 2.6 years (min-max, 1-13 years), which means that
probably most treatment-independent pregnancies would al-
ready have occurred, indicating a homogeneous population.

Furthermore, ROC analysis presumes to express the capac-
ity to distinguish between pregnancy and nonpregnancy.
However, even the couples with a very good prognosis (for
example, pregnancy chance 30%) have a large chance of
not getting pregnant. So even if the model could distinguish
perfectly between couples with a 5% pregnancy chance and
couples with a 30% pregnancy chance, the area under the
ROC curve would maximally be 0.71 (13).

We agree that an AUC of 0.56 is hardly better than perhaps
flipping a coin. The problem, however, with these kinds of
models is that because in fertility treatment pregnancy chan-
ces are never 0 or 100% and even seldom above 30%, the
AUC will always be close to 0.5. This observation

FIGURE 3

Prognostic index versus the chance of an ongoing
pregnancy after IUI. The prognostic index is
calculated from the score chart in Table 3.

Custers. External validation of model for IUI. Fertil Steril 2007.
429



underscores the limitations of the area under the ROC curve,
or c-index, as a method for determining model fit, despite its
continued popular use in the medical literature (14).

The AUC is particularly suited to retrospective case-con-
trol studies, in which the actual outcome probabilities cannot
be estimated (15). In the case of IUI, however, a very good
prognosis of 30% per cycle implies that there is a 70% chance
of nonpregnancy, which inevitably will affect the AUC. The
discriminative capacity of such a model is also of limited
clinical importance since couples are more interested in their
own probability of conception within a certain treatment cy-
cle (calibration) than in their chances of success compared
with another couple (discrimination).

The effectiveness of IUI as a first treatment option for sub-
fertile couples has been questioned, and some investigators
advise performing IUI only for three cycles or not to start
IUI at all (16, 17). It becomes therefore more important to un-
derpin a treatment decision with reliable predicted success
chances. Because chances for success and thus the choice
for IUI or IVF are dependent on more than female age or
sperm count alone, we feel that a decision to treat should
be made based on a prediction model. The Steures et al.
model is the first validated model that makes a reliable
prediction of success possible in IUI.

In this study, we decided to externally validate an already
existing model. As a consequence, factors not included in the
original model, such as semen parameters, number of folli-
cles, and endometrial type and thickness, were not taken
into account. Future studies should evaluate whether the ad-
dition of other prognostic factors increases the performance
of the model that we validated.

Because the issue of twin and high-order multiple pregnan-
cies due to assisted reproduction is extremely important (17,
18), a next step in the development of prognostic models for
IUI should be the prediction of multiple pregnancies.

In clinical practice, the IUI prediction model can also be
used as a paper score worksheet (Table 3 and Fig. 3). The
scores were derived from the beta coefficients (b) of multi-
variable analysis, in which eb ¼ odds ratio (6). Variables
were categorized into practical useful groups. The score per
group was calculated as the product term of the group
mean, the beta coefficient, and the factor�10 (12). For exam-
ple, the variable age was grouped into maternal age 20–25,
26–31, 32–35, 36–39, and 40–43. The mean maternal age
was 24.1 in the group 20–25, and the beta was �0.03. All
women in this age group get an additional score of 7 points
(24.1��0.03��10). The sum of all scores of the different
variables resulted in a prognostic index. The prognostic index
versus the chance of an ongoing pregnancy after IUI is plot-
ted on a graph. Once the prognostic index is known, the
chance of conceiving after IUI can be derived from this chart.

Although we did not perform a comparative study between
IUI and IVF, the results of this study can be used to counsel
patients to attempt IUI or to opt for an alternative treatment.
430 Custers et al. External validation of model for IUI
If, for example, the success rate of IVF is more or less stable
at about 20% per cycle, a decreased probability of success
after IUI can be used as an argument to switch to IVF.

In conclusion, after external validation, the model proved
to be accurate in predicting chances of success after IUI. It
allows the clinician to identify couples who would benefit
from IUI and those who would be better off with an alterna-
tive treatment.
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as a native English speaker, for reviewing the manuscript.
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APPENDIX

The formula for prediction of an ongoing pregnancy is as
follows:

Probability ¼ 1=½1þ expð � bÞ�;

where

b ¼ �1:41þ ðmaternal age��0:03Þ
þ ðduration of subfertility��0:03Þ
Fertility and Sterility�
þ ðcervical factor� 0:27Þ
þ ðmale factor ��0:14Þ
þ ðone-sided tubal pathology��0:15Þ
þ ðuterine anomaly��0:98Þ
þ ðendometriosis��0:34Þ
þ ðuse of clomiphene citrate� 0:21Þ
þ ðuse of HMG or FSH� 0:23Þ
þ ðcycle number½up to6� � �0:09Þ
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Endometrial thickness and pregnancy outcome
after intrauterine insemination
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Objectives: To investigate whether endometrial thickness on the day of hCG administration is a predictor of
intrauterine insemination (IUI) success.
Design: A retrospective study.
Patient(s): Two hundred forty-nine women undergoing IUI cycles.
Setting: University hospital–based infertility center.
Intervention(s): Endometrial thickness on the day of hCG administration, cycle parameters, and sperm quality
were compared between pregnant and nonpregnant patients. A similar comparison was made between ongoing
pregnancies and those that resulted in a loss.
Main Outcome Measure(s): Endometrial thickness versus IUI outcome.
Result(s): The overall pregnancy rate was 15%. Mean (� standard deviation) endometrial thickness on the day of
hCG administration was significantly greater in cycles where pregnancy was achieved (10.1� 3.0 vs. 7.7� 3.5). In
the univariate analysis, the following variables affected the pregnancy rate: the woman’s age, duration of infertility,
the number of IUI cycles, the number of follicles, the diameter of the dominant follicle, the duration of follicle
maturation, and sperm count, motility, and morphology. In the multivariate analysis, the strongest predictor of
IUI success was the number of IUI cycles. The woman’s age was negatively associated with pregnancy outcome,
while endometrial thickness and the total motile sperm count were positively associated with pregnancy outcome.
Conclusion(s): The results of the present study suggest that clinicians providing IUI for infertile couples must
pay close attention to endometrial development as well as to follicle growth and sperm motility. (Fertil Steril�

2007;88:432–7. �2007 by American Society for Reproductive Medicine.)

Key Words: Intrauterine insemination, endometrial thickness, pregnancy rate, transvaginal sonography
During the menstrual cycle, the endometrium undergoes cy-
clic changes in preparation for implantation. In the follicular
phase, the growing follicles produce increasing amounts of
E2 that induce proliferative endometrial changes. After ovu-
lation, the corpus luteum produces P, which leads to secretory
changes. Since serum hormonal E2 and P levels cannot al-
ways accurately predict the development of the endometrium
and other methods such as histological studies are too inva-
sive, ultrasound has been used as a noninvasive technique
to monitor infertile women for over two decades. The mea-
surements are easy to perform, easily reproducible, and
have been shown to have a good interobserver correlation.
The advent of transvaginal ultrasound greatly increased the
visualization of the endometrium, providing more accurate
and detailed evaluation (1–3).

Endometrial thickness and pattern have been implicated in
the successful outcome of assisted reproductive technologies
(ART). Although the assessment of the endometrium with
ultrasound has become a standard procedure during the
diagnostic workup and treatment of infertile women, the clin-
ical significance of the difference in endometrial thickness
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and appearance has remained controversial (4). Several study
groups have reported significant correlations between preg-
nancy rates and endometrial thickness (5–8), while others
have failed to show such a relationship (9–13).

Although several studies have reported that endometrial
thickness may help distinguish fertile from infertile cycles
in IVF/intracytoplasmic sperm injection, to date, limited
data exist concerning the relationship between endometrial
thickness on the day of intrauterine insemination (IUI) and
ongoing pregnancy achievement in cycles stimulated with
clomiphene citrate (CC). The objective of the current study
was to investigate the role of endometrial thickness in the
pregnancy rate of IUI by visualization with high-resolution
transvaginal ultrasound. This study sought to determine
whether a thickened endometrium on the day of insemination
was predictive of pregnancy or was related to first-trimester
pregnancy loss.

MATERIALS AND METHODS

This study retrospectively considered 562 ovarian stimula-
tion cycles undertaken in 249 candidates for IUI in the Fate-
meh Alzahra Infertility Center of the Babol University of
Medical Sciences from 2002 to 2004. These patients were
candidates for IUI because of either male factor infertility
or unexplained infertility. Inclusion criteria included the
0015-0282/07/$32.00
, Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.12.010
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following: [1] female age 36 years or younger, [2] docu-
mented patent tubes by either hysterosalpingogram or lapa-
roscopy; [3] documented ovulatory cycles with regular
menses either normally or with CC, and, for the men, [4]
a minimum of 1 � 106 processed total motile sperm. No
therapeutic intervention was performed on patients, so in-
stitutional review board approval was not needed. Patient
identifying information was removed from the database
before release to the authors.

A semen specimen was obtained by masturbation and col-
lected in a clean container. Sperm specimens were processed
by washing as described elsewhere (14). In the swim-up pro-
cedure, semen samples were mixed with 1 mL of Ham’s F10
media containing human serum albumin and centrifuged at
569 � g (1,800 rpm) for 5 minutes. Normal values suggested
by the World Health Organization were used to interpret
semen quality (15).

Ovulation induction began on a 3-day cycle for 5 days, with
50 or 100 mg of CC administered, depending on antral folli-
cles. In subsequent cycles, CC doses were increased in 25–
50 mg increments to a maximum of 150 mg. For most patients,
vaginal ultrasound (FukuDa ESAOTE-AU 350, 5 MHZ trans-
ducer) was initiated on day 10–12 of the cycle and then re-
peated every 1–2 days until two to three follicles were about
R18 mm (1), at which time 10,000 IU hCG was administered.

On the day of hCG administration, a transvaginal ultra-
sound scan was performed to measure endometrial thickness.
Measurements were made from the outer edge of the endo-
metrial-myometrial interface to the outer edge in the widest
part of the endometrium. If two or three layers of endome-
trium were visible, it would be defined as a triple-line pattern,
and a single round structure was considered to be a non-
triple-line structure.

A single IUI was performed with fresh sperm within 36
hours after hCG administration. A fresh sperm pellet was re-
suspended in 0.4 mL of sperm wash medium, drawn into an
insemination catheter, and then deposited high in the uterus.
Serum hCG levels were drawn on day 14 after injection to
confirm pregnancies. The presence of an intrauterine preg-
nancy and the number of gestational sacs were confirmed
by ultrasound at 5 weeks’ gestational age. Only pregnancies
with a confirmed gestational sac are reported in the present
analysis. Pregnant patients were followed with ultrasound
for 12 weeks.

Statistical analysis of the data was performed with SPSS
software for windows, version 10.0 (SPSS, Chicago). In the
univariate analysis, the woman’s age, the man’s age, the num-
ber of IUI cycles, the length of infertility, the duration of fol-
licle growth, the number of follicles, the diameter of the
dominant follicle, sperm count, the percent of sperm motility,
the percent of normal sperm morphology, and endometrial
thickness were compared using means, standard deviations,
and a t-test between pregnant and nonpregnant women.
Also, a t-test was used to compare these variables in women
having normal pregnancies versus abnormal pregnancies.
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Any pregnancy (singleton, twins, etc.) where a heartbeat
was identified on ultrasound before discharge and referral
to an obstetrician (at about 8–10 weeks of gestation) was con-
sidered to be an ongoing pregnancy. Any pregnancy that re-
sulted in a loss (spontaneous abortion, missed abortion, etc.)
was considered to be an abnormal pregnancy. To achieve the
multiple primary regression endpoints of this study, including
endometrial thickness as a predictor of IUI outcome, the anal-
ysis was carried out in a backward stepwise manner. All of
the variables used in univariate analysis (11 variables) were
entered into a multiple regression model to answer the ques-
tion of which one had the main effect on ongoing pregnancy.
The significance level for all analyses was P<.05.

RESULTS

A total of 249 patients completed 562 IUI cycles, of which
60.3%, 25.7%, and 14% were the first, second, or third cycle
or more, respectively. The overall pregnancy rate was 15%
(n ¼ 85). In total, 61 (72%) of 85 pregnancies were normal
or ongoing. The women were divided into three age groups:
20 or younger (12.8%), 21–30 (55.7%), and 31–36 (31.5%).
A test showed that there were no significant differences
between these three groups regarding ongoing pregnancy
or endometrial thickness (P>.05).

In the cycles that resulted in pregnancy, the patients were
generally younger, had a shorter duration of infertility, and
had a higher number of previous IUI cycles. Mean (� standard
deviation [SD]) endometrial thickness on the day of hCG
administration was significantly greater in cycles where
pregnancy was achieved (10.1 � 3.0 vs. 7.7 � 3.5). The
mean (� SD) number of follicles and the diameter of the
dominant follicle were significantly greater in cycles where
pregnancy was achieved. The duration of follicle growth in
women with a positive clinical pregnancy was significantly
less than that in women with a negative clinical pregnancy.
The quality of sperm (count, motility, and morphology) in
the women with a positive clinical pregnancy was signifi-
cantly better than for the women with negative clinical
pregnancy (Table 1).

Table 2 shows the relationship between various parameters
and the patterns of ultrasound in the women who underwent
IUI. Among the cycles that resulted in a triple-line ultrasound
pattern, the younger patients had a shorter duration of infer-
tility and follicle growth showed greater dominant follicle
size and a thicker endometrial lining (9.3 � 2.4 vs. 6.8 �
3.4) (Table 2).

In the linear regression model, the number of IUI cycles,
the woman’s age, endometrial thickness, and total motile
sperm were significantly associated with pregnancy outcome
(Table 3). The number of IUI cycles was the strongest predic-
tor of pregnancy outcome. The woman’s age was negatively
associated with pregnancy outcome, while endometrial thick-
ness and total motile sperm were positively associated with
pregnancy outcome. The interactions between endometrial
thickness and age and between endometrial thickness and
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TABLE 1
Baseline demographics, stimulation parameters and sperm quality in IUI cycles according to
achievement of pregnancy.

Clinical pregnancy

Yes (n [ 85) No (n [ 477)

Parameter Mean ±SD Mean ±SD F Pa

Woman’s age (years) 27.5 5.3 28.3 5.7 0.64 .03
Man’s age (years) 34.3 5.9 35.4 5.7 0.7 .95
Length of infertility (years) 4.9 2.9 5.1 3.1 4.4 .04
No. of IUI cycles 1.9 1.3 1.6 0.8 4.6 .001
Ovarian response:

Duration of follicle growth, days 9.2 2.4 10.2 3.2 1.62 .01
No. of follicles 2.8 2.6 2.5 2.1 4.36 .01
Diameter of the dominant follicle 17.9 1.5 15.9 1.1 0.21 <.0001

Sperm quality:
Sperm count (�106) 39.6 45 32.7 38.1 3.31 .01
Total motile sperm, % 36.1 15 34.9 17.6 4.93 .003
Normal morphology,% 39.8 21.5 38.7 15.1 1.34 .03

Uterine response: endometrial thickness 10.1 3.0 7.7 3.5 4.54 .001

a The t-test was used to compare the two groups, and P<.05 was considered statistically significant.

Esmailzadeh. Endometrial thickness and IUI outcome. Fertil Steril 2007.
the number of IUI cycles were examined and tested by the c2

test, and none of these interactions was significant.

Seventy-two percent of pregnancies were ongoing. Base-
line demographic stimulation parameters and sperm quality
were similar between ongoing and abnormal pregnancies.
Endometrial thickness did not differ between ongoing and
abnormal pregnancies (Table 4).
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DISCUSSION

Adequate proliferative and secretory changes are necessary

for successful implantation to occur. Endometrial thickness

can be regarded as a reflection of the degree of endometrial

proliferation in the absence of intrauterine pathology. These

data showed that endometrial thickness can be considered

as a main predictor of pregnancy rate in CC-IUI cycles.
TABLE 2
Baseline demographic and stimulation parameters in women with positive or negative ultrasound
triple-line in IUI cycles.

Ultrasound triple line

Yes (n [ 449) No (n [ 113)

Variables Mean ±SD Mean ±SD F Pa

Stimulation parameters:
Duration of follicle growth (days) 9.6 2.1 10.1 2.2 1.22 .01
No. of follicles 2.6 2.1 2.3 1.9 1.34 .05
Diameter of the dominant follicle 18.0 1.5 16.7 1.5 0.14 .01

Demographics:
Woman’s age, years 28.8 6.4 29.9 4.0 2.06 .03
Length of infertility, years 4.6 3.5 8 4.5 4.23 .008
No. of IUI cycles 1.8 1.2 1.7 0.9 0.32 .09

Uterine response: endometrial thickness 9.3 2.4 6.8 3.4 3.48 .009

a The t-test was used to compare the two groups, and P<.05 was considered statistically significant.

Esmailzadeh. Endometrial thickness and IUI outcome. Fertil Steril 2007.
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TABLE 3
Significant predictors of clinical pregnancy in IUI cycles in backward stepwise regression analysis.

Unstandardized
coefficients Standardized

coefficients
Independent variables B SE Beta T Significanta

No. of IUI cycles 4.21 � 10�2 0.01 0.34 3.44 .001
Woman’s age �3.6 � 10�2 0.01 �0.26 �2.51 .01
Endometrial thickness 2.6 � 10�2 0.01 0.37 2.70 .01
Total motile sperm 1.9 � 10�2 0.04 0.23 2.34 .03

a P<.05 was considered statistically significant.

Esmailzadeh. Endometrial thickness and IUI outcome. Fertil Steril 2007.
Vaman et al. concluded that three-dimensional ultrasound
measurement of endometrial volume can be a predictor of
pregnancy in ART cycles (16). Tsai et al. found that women
who had an ultrasound triple-line pattern conceived by IUI
more frequently than women without this pattern (17).
Kovacs et al. reported that an increased endometrial thickness
of at least 10 mm was associated with a higher pregnancy rate
(18). However, some studies observed no significant associa-
tion between endometrial thickness and pregnancy outcome
(8, 20–22). Weissman et al. reported lower implantation
and pregnancy rates among the women with endometrial
thickness R14 mm on the day of hCG administration (19),
while Dietterich et al. reported no adverse effect of thickened
(>14 mm) endometrium on implantation, pregnancy, or
Fertility and Sterility�
abortion rates (1). This study was unfortunately unable to
provide a threshold for endometrial thickness above
which a pregnancy or abortion is unlikely to occur. On the
other hand, all patients underwent stimulation with CC,
which is known in some patients to cause poor endometrial
development. As all patients studied were on a CC induction
ovulation program, the effect of the drug on endometrial de-
velopment could not be investigated. Another limitation of
this study was that endometrial thickness was not measured
in 2–3 day cycles. Perhaps midcycle endometrial thickness
is related to early follicular phase thickness. However, 14
of the nonpregnant women who had endometrial thick-
nesses<6 mm were candidates for an hMG protocol in future
cycles.
TABLE 4
Baseline demographics, stimulation parameters, and sperm quality in IUI cycles leading to normal
(singleton, twins, etc.) and abnormal (missed abortion, spontaneous abortion, etc.) pregnancies.

Parameters
Normal pregnancy

(n [ 14)
Abnormal pregnancy

(n [ 14)

Woman’s age (years) 27.1 � 3.3 27.3 � 4.7
Man’s age (years) 33.9 � 5.9 34.8 � 5.7
Length of infertility (years) 4.7 � 2.8 5.3 � 3.7
No. of IUI cycles 1.9 � 1.3 1.9 � 0.7
Ovarian response:

Duration of follicle growth, days 9.1 � 2.7 9.2 � 3.1
No. of follicles 2.8 � 3.7 2.7 � 1.9
Dominant follicle size 17.9 � 1.3 17.7 � 2.1

Sperm quality:
Sperm count (�106) 39.6 � 30 38.9 � 35.1
Total motile sperm (%) 36.4 � 16 36.7 � 15.9
Normal morphology (%) 39.6 � 17.7 38.7 � 13.5

Uterine response: endometrial thickness 10.1 � 2.6 10.1 � 3.5

Note: Values are mean � SD; the t-test is used to compare the two groups. None of the differences are statistically signif-
icant. P<.05 was considered statistically significant.

Esmailzadeh. Endometrial thickness and IUI outcome. Fertil Steril 2007.
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These findings indicate that the woman’s age was nega-
tively associated with pregnancy outcome. In the study by
Ghosh et al., women R30 years of age were half as likely
as women <30 years to become pregnant (23). On the con-
trary, Iberico et al. concluded in a study with 1010 IUI cycles
that female age was not a significant predictor of pregnancy
(24), which was confirmed by de Geyter et al.’s study (12).
Aging is associated with progressive follicular depletion
and diminished oocyte quality, which is accompanied by a re-
duction in the size or activity of the cohort of follicles avail-
able to respond to CC stimulation. This negative impact on
treatment outcome may be due to the higher rate of aneu-
ploidy found in dysmorphic oocytes. In this study, the ongo-
ing success of pregnancy once it was achieved showed no
difference between the age groups, but pregnancy rates
were related to the woman’s age, suggesting that aging effects
may begin after 30 years.

In this study, although sperm quality (count, motility, and
morphology) was associated with pregnancy rate, only the
motility of the sperm was a significant factor in the multiple
regression model. Branigan et al. reported that none of the
basic semen parameters of concentration, motility, and mor-
phology were related to IUI success. The number of motile
sperm available for insemination, and especially their 24-
hour survival, were highly predictive of IUI success (25).
This study used only one type of sperm preparation, insemi-
nation technique, and follicular monitoring for insemination
timing. Other programs will be needed to confirm these find-
ings because different sperm preparations may yield different
results.

These findings indicate that the number of IUI cycles was
the strongest predictor of IUI success. Dickey et al. analyzed
3,381 CC-IUI cycles over a 15-year time period and con-
cluded that the cumulative pregnancy rates during cycles
1, 2, 3, and 4 were 10%, 19.5%, 28.4%, and 37.0%, respec-
tively. They reported that the average pregnancy rate de-
creased to 2.8% during cycles 5 and 6 (P¼.0014), and there
were no pregnancies after the sixth CC-IUI cycle in 57 at-
tempts. They suggested that CC-IUI should be performed
for a minimum of four cycles (26), although in that study,
the cumulative pregnancy rates plateaued after four cycles
at 26% for ages 35–42 years. In this study, because of the
fewer number of IUIs above three cycles (78 women), the
threshold number of IUI cycles could not be calculated.

This study showed that the number of follicles and the di-
ameter of the dominant follicle were significantly associated
with pregnancy outcome. Ghosh et al. reported that women
with follicular diameters R20 mm were more likely to be-
come pregnant than women with diameters between 15.00
and 19.99 mm (22). Iberico et al. reported that the best IUI
success rate was for cycles with two or three preovulatory fol-
licles (>15 mm), a high motile spermatozoa count, and an
infertility duration of shorter than 3 years (24). However,
E2 monitoring was performed every other day in those studies
and the CC dose was adjusted to individual response. Once a
linear increase in E2 was observed to reach 400–600 pg/mL,
436 Esmailzadeh and Faramarzi Endometrial thickness an
a transvaginal ultrasound was performed to evaluate follicu-
lar response and size. E2 monitoring is not a routine proce-
dure in ART treatment in our center because of the expense
to the patient. Vaginal ultrasound is initiated on the tenth
cycle day and repeated every 2 days until the follicles reach
18–20 mm.

In conclusion, the results of the present study identified
a statistically significant difference in mean endometrial
thickness between cycles that resulted in pregnancy and those
that did not. Consequently, clinicians providing IUI for infer-
tile couples must pay close attention to endometrial develop-
ment as well as to follicle growth and sperm motility. Further
studies are needed to compare endometrial thickness on the
day of hCG administration in IUI cycles over various methods
of ovulation induction such as hMG or CC. The current find-
ings need replication in randomized studies to determine the
effects of different protocols of induction ovulation on endo-
metrial thickness and various doses of hCG administration on
IUI success.
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Gestational hypertension in pregnancies supported
by infertility treatments: role of infertility, treatments,
and multiple gestations
Sonia Hernández-Díaz, M.D., Dr.P.H.,a,b Martha M. Werler, Sc.D.,a and Allen A. Mitchell, M.D.a

a Slone Epidemiology Center at Boston University; and b Department of Epidemiology, Harvard School of Public Health,
Boston, Massachusetts

Objective: To investigate the association between infertility treatments and gestational hypertension and
preeclampsia.
Design: Retrospective observational cohort.
Setting: General population, United States and Canada.
Patient(s): Five thousand one hundred fifty-one women with nonmalformed infants participating in the Slone
Epidemiology Center Birth Defects Study between 1998 and 2006.
Intervention(s): Women were interviewed within 6 months after delivery about sociodemographic and medical
factors, about the onset of gestational hypertension and preeclampsia, and about infertility treatments.
Main Outcome Measure(s): We estimated relative risks and 95% confidence intervals by using unconditional
logistic regression.
Result(s): The incidence of gestational hypertension was 8.9% (423/4,762) among women without infertility
treatments and was 15.8% (55/349) among women undergoing infertility treatments. Compared with spontaneous
pregnancies, the crude relative risk for gestational hypertension in pregnancies resulting from infertility treat-
ments was 1.9 (95% confidence interval, 1.4–2.6). Multivariate adjustment for parity and prepregnancy body
mass index resulted in a relative risk of 1.6 (1.1–2.1). Further adjustment for multiple pregnancies, or restriction
of the analyses to singleton pregnancies, moved the relative risk to 1.3. Each specific infertility procedure or drug
was associated with a similarly elevated risk, which disappeared after adjustment for multiple gestations. Results
were similar for preeclampsia.
Conclusion(s): Pregnancies resulting from infertility treatments have a higher incidence of gestational hyperten-
sion and preeclampsia than do spontaneous conceptions. This increased risk is largely explained by the higher
frequency of multiple gestations. (Fertil Steril� 2007;88:438–45. ©2007 by American Society for Reproductive
Medicine.)

Key Words: Preeclampsia, hypertension, pregnancy, infertility, fertility treatments
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reeclampsia, clinically recognized by gestational hyperten-
ion with proteinuria, is a leading cause of maternal and
erinatal morbidity and mortality. Although it is widely
ccepted that the disorder starts with defective implantation,
he ultimate causes are still unclear (1). Among other mech-
nisms, it has been proposed that preeclampsia is the con-
equence of a maternal immune reaction against paternal
ntigens expressed in the placenta (2) and that this reaction
ay result in defective trophoblast invasion and subsequent

lacental dysfunction (3). It also has been proposed that
rolonged exposure and adaptation to antigenic factors on
he spermatozoa or on the placenta (i.e., desensitization) may
ave a protective effect (4, 5).

An exaggerated maternal immune reaction may not only
esult in defective implantation but may also eliminate the

eceived June 2, 2006; revised and accepted November 27, 2006.
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wsetts 02215 (FAX: 617-738-5119; E-mail: amitchell@slone.bu.edu).
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mplanting conceptus (3). That is, preeclampsia and implan-
ation disorders may share etiologic pathways, including
hose involving immunological functions (2). In fact, fertility
ifficulties have been associated with a higher risk of gesta-
ional hypertension and preeclampsia (6–8). Thus, it has
een suggested that elevated risks of preeclampsia observed
n women treated for infertility (9, 10) stem from the under-
ying disorder rather than from the infertility treatments
hemselves.

Yet an independent and direct effect of fertility treatments
emains a plausible explanation for the elevated risk of
estational hypertension and preeclampsia in pregnancies
esulting from such treatments, compared with spontaneous
nes. For example, intracytoplasmic sperm injection in cou-
les in whom the number of sperm cells available during
ntercourse is negligible (11), or intrauterine insemination
ith donor sperm, oocytes, or embryos (4, 12, 13), may

ncrease the risk by triggering an immune reaction in women
ithout prior desensitization. Unfortunately, early studies on

his subject were based on relatively small series of patients

ithout appropriate control for age and parity; they also

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.131
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ailed to consider the higher prevalence of multiple gesta-
ions resulting from assisted reproduction, an important fac-
or because multiple gestations themselves carry a higher
isk of preeclampsia (14, 15). Among the more recent studies
hat adjusted for maternal age and parity and considered
ultiple gestations, some have found an increased risk in
omen receiving infertility treatments, even after stratifica-

ion for number of fetuses (16, 17) or restriction to singletons
8, 18–21) or multiple gestations (22, 23). Others have found
o significant differences between assisted and spontaneous
regnancies after stratification (24) or restriction to single-
ons (25–29) or multiple gestations (29–34).

It thus remains unclear whether the association between
nfertility treatments and gestational hypertension is caused
y biologic factors intrinsic to couples with infertility prob-
ems, by patient characteristics such as older age and primi-
arity, by the higher rate of multiple gestations, or by the
pecific infertility treatment. We therefore investigated the
ssociation between fertility treatments and gestational hy-
ertension, with specific emphasis on the effect of different
echnologies and specific fertility drugs, as well as the role of
ultiple gestations and specific patient characteristics.

ATERIALS AND METHODS
tudy Population
s part of an ongoing case–control surveillance program of
irth defects (the Slone Epidemiology Center Birth Defects
tudy), nonmalformed newborns were ascertained at birth
nd tertiary-care hospitals in the greater metropolitan areas
f Boston, MA; Philadelphia, PA; Toronto, Canada; and San
iego, CA, including a population-based sample of Massa-

husetts births (35). The study population for the current
nalysis comprised 5,274 mothers of nonmalformed infants
scertained between 1998 and 2006. Institutional review
oard approval was obtained from each of the participating
nstitutions. All mothers who were interviewed gave oral or
ritten consent. The participation rate was 68%. After ex-

lusion of mothers who could not be located and invited to
articipate, the rate was 71%.

ssessment of Exposure
ithin 6 months of delivery, trained study nurses who were

naware of the hypothesis interviewed the mothers by tele-
hone. The interview included questions on demographic
haracteristics, the mother’s medical and obstetrical history,
arents’ habits and occupations, and a detailed history of the
se of medications (prescription and nonprescription) from 2
onths before conception through the entire pregnancy.
pecific questions focused on pregnancy planning, history of
ertility problems, and infertility procedures or medications
hat were used by the women or their partners in the index
regnancy. We considered mothers to be exposed if, to assist
he index pregnancy, they reported using ovulation induction
including clomiphene citrate, human menopausal gonado-

ropins, chorionic gonadotropin, or FSH), intrauterine insem- s

ertility and Sterility�
nation, or assisted reproductive technologies (including
VF, intracytoplasmic sperm injection, or gamete intrafallo-
ian transfer). The reference group included women without
ertility treatments.

utcome
e specifically asked women if a health-care provider had

iagnosed high blood pressure or toxemia or preeclampsia
uring their pregnancy, the dates that the condition had
tarted and ended, and whether they had used medications to
reat those conditions. To exclude underlying hypertension
s a potential source of both confounding and outcome
isclassification bias, we restricted the definition of gesta-

ional hypertension to hypertension (with or without pre-
clampsia) that was diagnosed after the 20th week of preg-
ancy; we excluded 123 women with an early diagnosis of
ypertension from all the analyses. Preeclampsia was de-
ned as self-reported toxemia or preeclampsia.

ata Analysis
e considered our population as a retrospective cohort of
omen with completed pregnancies. Relative risks (RRs)

nd 95% confidence intervals (95% CIs) were estimated for
estational hypertension and preeclampsia in relation to in-
ertility treatments by using logistic regression models. To
dentify potential confounders, we considered the following
actors: gravidity, parity, age, prepregnancy weight and body
ass index, smoking, coffee intake, age at menarche, edu-

ation, family income, race, and diabetes (36); we retained in
he models as potential confounders those factors that were
ndependently associated with the outcome in our popula-
ion. In addition, we considered carrying a multiple preg-
ancy to be a potential intermediate variable in the etiologic
athway between infertility treatments and gestational hy-
ertension or preeclampsia. Forty women with missing data
or the fertility questions were excluded from the fertility
nalyses.

ESULTS
f 5,151 women, 480 (9.3%) reported gestational hyperten-

ion, and 133 (2.6%), preeclampsia. The women’s baseline
haracteristics are shown in Table 1. Factors associated with
oth gestational hypertension and preeclampsia were primi-
arity, higher prepregnancy weight, early menarche, and
ultiple gestations.

Women who conceived after infertility treatments were
ore likely to be older than 35 years of age, white, and

rimiparous and to have a history of miscarriages and high
ducation and high income levels; they were less likely to be
nderweight and to smoke or drink coffee during pregnancy
han were women who conceived spontaneously (data not
hown). Pregnancies assisted by infertility treatments had a
uch higher frequency of multiple gestations (23%) than did
pontaneous pregnancies (1.7%). The proportion of preterm
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TABLE 1
Incidence of gestational hypertension and preeclampsia according to women’s characteristics.

Gestational
hypertension Preeclampsia

Women’s characteristics Totala (N � 5,151) n (%) RR (95%CI)b n (%) RR (95%CI)b

Gravidity
Primigravidae (first gestation) 1,601 196 (12.4) Reference 60 (3.8) Reference
Multigravidae

Primiparous (first liveborn) 613 85 (13.9) 1.1 (0.8–1.4) 33 (5.4) 1.3 (0.9–2.1)
Multiparous 2,937 199 (6.8) 0.5 (0.4–0.6) 40 (1.4) 0.3 (0.2–0.5)
Interpregnancy interval �3 y 2,142 132 (6.2) 0.4 (0.3–0.6) 28 (1.3) 0.3 (0.2–0.5)
Interpregnancy interval �3 y 767 64 (8.3) 0.6 (0.4–0.8) 12 (1.6) 0.4 (0.2–0.7)

No. of fetuses
Single 4,986 448 (9.0) Reference 120 (2.4) Reference
Multiple (�2) 165 32 (19.4) 1.9 (1.2–2.9) 13 (7.9) 2.5 (1.4–4.8)

Twins 143 24 (16.8) 1.7 (1.0–2.6) 10 (7.0) 2.3 (1.2–4.7)
Triplets 22 8 (36.4) 4.6 (1.8–11.4) 3 (13.6) 4.8 (1.3–17.4)

Prepregnancy weight (lbs)
�120 1,224 73 (6.0) Reference 21 (1.7) Reference
120–135 1,391 91 (6.5) 1.1 (0.8–1.5) 26 (1.9) 1.1 (0.6–1.9)
135–150 1,054 110 (10.4) 1.8 (1.3–2.5) 38 (3.6) 2.0 (1.2–3.5)
�150 1,435 197 (13.7) 2.5 (1.9–3.4) 45 (3.1) 1.7 (1.0–3.0)

Maternal BMIc

�20 848 47 (5.5) Reference 17 (2.0) Reference
20–27 3,213 275 (8.6) 1.7 (1.2–2.3) 82 (2.6) 1.3 (0.7–2.2)
�27 1,011 148 (14.6) 3.1 (2.2–4.4) 30 (3.0) 1.4 (0.8–2.6)

Diabetes
No 4,919 452 (9.2) Reference 122 (2.5) Reference
Yes 232 28 (12.1) 1.3 (0.8–1.9) 11 (4.7) 1.8 (0.9–3.5)

Smokers
Never 2,995 266 (8.9) Reference 64 (2.1) Reference
Before pregnancy 1,279 119 (9.3) 1.0 (0.8–1.3) 37 (2.9) 1.3 (0.8–1.9)
During pregnancy 875 95 (10.9) 1.1 (0.8–1.5) 32 (3.7) 1.6 (1.0–2.6)

Coffee
Never 2,430 232 (9.6) Reference 56 (2.4) Reference
Before pregnancy 2,002 167 (8.3) 0.9 (0.7–1.1) 47 (2.4) 0.9 (0.6–1.4)
During pregnancy 719 81 (11.3) 1.3 (1.0–1.7) 27 (3.8) 1.7 (1.0–2.7)

Race
White 3,777 378 (10.0) Reference 109 (2.9) Reference
Black 348 32 (9.2) 0.8 (0.5–1.3) 8 (2.3) 0.9 (0.4–1.9)
Other 1,025 70 (6.8) 0.7 (0.5–0.9) 16 (1.6) 0.5 (0.3–1.0)

Menarche
�12 913 111 (12.2) 1.4 (1.1–1.7) 36 (3.9) 1.8 (1.2–2.7)
�12 4,059 356 (8.8) Reference 91 (2.2) Reference

Maternal age (y)
�25 1,162 119 (10.2) Reference 35 (3.0) Reference
25–30 1,400 134 (9.6) 1.0 (0.7–1.3) 36 (2.6) 0.9 (0.5–1.6)
31–35 1,761 149 (8.5) 0.9 (0.7–1.3) 43 (2.4) 1.0 (0.5–1.8)
�35 814 78 (9.6) 1.0 (0.7–1.5) 19 (2.3) 0.9 (0.4–1.7)

Education (y)
�13 1,389 133 (9.6) Reference 34 (2.5) Reference
13–15 1,260 105 (8.3) 0.9 (0.6–1.2) 30 (2.4) 1.2 (0.7–2.1)
�15 2,499 242 (9.7) 1.1 (0.8–1.4) 69 (2.8) 1.5 (0.9–2.6)
Hernández-Díaz. Infertility and gestational hypertension. Fertil Steril 2007.
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eliveries (earlier than 37 wk) was 17.5% in women under-
oing fertility treatments and was 6.6% in women with no
ertility disorder.

Table 2 presents crude and adjusted relative risks for
estational hypertension. The incidence of gestational hyper-
ension was higher among women with treated fertility prob-
ems (15.8%) than among those who did not receive such
reatments (8.9%); compared with the last group, the crude
R for gestational hypertension for women with treated

ertility problems was 1.9 (95% CI, 1.4–2.6). Upon adjust-
ent for parity and prepregnancy body mass index (the only

TABLE 1
Continued.

Women’s characteristics Totala (N � 5,15

Family income ($/y)
�45,000 1,418
�45,000 3,305
Unknown 428

Note: BMI � body mass index (kg/cm2).
a Because of missing values, not all the variables containe

created for women with missing values.
b Adjusted for the other variables in the table and geogra
c Data missing because some women did not report their

Hernández-Díaz. Infertility and gestational hypertension. Fertil Steril 2007.

TABLE 2
Incidence of gestational hypertension according
multiple gestations.

Fertility treatment by group Total
Inciden

n (%

Total group (N � 5,151)
No treatment 4,762 423 (8.9
Treatment 349 55 (15

Singleton gestation (n � 4,947)
No treatment 4,680 413 (8.8
Treatment 267 34 (12

Twins (n � 142)
No treatment 76 10 (13
Treatment 66 13 (19

Note: NA � not available.
a Adjusted for prepregnancy body mass index and parity.
b Adjusted also for number of fetuses.
Hernández-Díaz. Infertility and gestational hypertension. Fertil Steril 2007.

ertility and Sterility�
actors that acted as confounders), the RR changed to 1.6
95% CI, 1.1–2.2). After adjustment for twins and higher
rder gestations, the RR for infertility treatments went from
.6 to 1.3 (95% CI, 1.0–1.9). Restriction of the analysis to
ingleton pregnancies yielded an adjusted RR of 1.3 (95%
I, 0.9–1.9), and the adjusted RR was 1.1 (95% CI, 0.4–3.1)
mong twins.

The frequency of multiple gestations varied among infer-
ility procedures (5.6% for ovarian stimulation only, 19.3%
or intrauterine insemination, and 47.2% for assisted repro-
uctive techniques) and among medications (6.7% for clo-

Gestational
hypertension Preeclampsia

n (%) RR (95%CI)b n (%) RR (95%CI)b

42 (10.0) Reference 39 (2.8) Reference
06 (9.3) 0.9 (0.7–1.1) 84 (2.5) 0.8 (0.5–1.2)
32 (7.5) 0.7 (0.5–1.1) 10 (2.3) 0.9 (0.4–1.8)

ormation on 5,024 women. Independent categories were

region.
ht.

omen’s infertility history and accounting for

Gestational hypertension

Model 1,
crude

RR (95% CI)

Model 2,
adjusted

RR (95% CI)a

Model 3,
adjusted

RR (95% CI)b

Reference Reference Reference
1.9 (1.4–2.6) 1.6 (1.1–2.1) 1.3 (1.0–1.9)

Reference Reference NA
1.5 (1.0–2.2) 1.3 (0.9–1.9)

Reference Reference NA
1.6 (0.7–4.0) 1.1 (0.4–3.1)
1)

1
3

d inf

phic
heig
to w

ce,
)

)
.8)

)
.7)

.2)

.7)
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iphene without infertility procedures, 21.8% for clomi-
hene with additional infertility procedures, 36.3% for
onadotropins, and 41.9% for FSHs). As shown in Table 3,
hose treatments associated with the highest proportions of
ultiple gestations were associated with an elevated risk of

estational hypertension. When estimates were further ad-
usted for multiple gestations, RRs across all treatments
pproached the null.

As shown in Table 4, the risk of preeclampsia was higher
5.2%) among women with treated infertility than among
hose who did not require treatments (2.4%). The crude RR
or preeclampsia for women with treated infertility was 2.2
95% CI, 1.3–3.7), compared with women without infertility
reatments. Adjustment for other risk factors reduced the RR
o 1.6 (95% CI, 1.0–2.7), and further adjustment for multiple
estations reduced it to 1.2 (95% CI, 0.7–2.2). Results from
ore specific analyses for preeclampsia were similar to

hose presented above for gestational hypertension, but the
umbers were smaller and the estimates were more unstable.

The unadjusted RRs of both gestational hypertension and
reeclampsia were elevated for procedures with and without
onor sperm or oocytes and with or without concomitant
varian stimulation. The estimates for these comparisons
ere statistically unstable given the relatively small sample

izes and are not shown. Within the group of women without

TABLE 3
Incidence of gestational hypertension according

Women’s
characteristics

Total
(N � 5,111) n (%)

Fertility treatment
None 4,762 423 (8.9
Specific treatments

Drugs only 105 14 (13.
IUI 83 14 (16.
ART 124 20 (16.
Others 37 7 (18.

Specific drugsc

Clomiphene 129 24 (18.
Without procedures 74 10 (13.
With procedures 55 14 (25.

Gonadotropin 79 13 (16.
FSH, LH, and GnRH 154 27 (17.
Other 37 6 (16.

Note: IUI � intrauterine insemination; ART � assisted rep
and gamete intrafallopian transfer).

a Adjusted for prepregnancy weight and parity.
b Adjusted also for multiple gestations.
c Not mutually exclusive. Compared with women without

Hernández-Díaz. Infertility and gestational hypertension. Fertil Steril 2007.
nfertility treatments, those who reported fertility problems p

442 Hernández-Díaz et al. Infertility and gestational hyperte
n the past or untreated subfertility in the index pregnancy
id not have an elevated risk. Results were similar for
rimiparous and multiparous women and did not change
hen we analyzed the data by using time-to-event analysis

i.e., Cox proportional hazard models), nor upon restriction
f the analysis to full-term births or to the population-based
ample recruited from Massachusetts, nor when using fre-
uency matching for region and calendar year through con-
itional logistic regression.

ISCUSSION
e found a higher frequency of gestational hypertension and

reeclampsia in pregnancies resulting from infertility treat-
ents than in spontaneous pregnancies. This increased risk
as partially explained by the specific characteristics of the
omen undergoing infertility treatments, mainly primiparity

nd higher prepregnancy body mass index, and the remain-
ng association disappeared when the analysis was re-
tricted to singletons. Results were similar for all infer-
ility procedures and medications upon adjustment for
ultiple gestations. Neither past subfertility nor untreated

ubfertility in the index pregnancy was associated with
estational hypertension.

Our results are consistent with previous studies that found
o significant differences between assisted and spontaneous

omen’s specific infertility treatment.

Gestational hypertension

Crude
RR (95% CI)

Adjusted
RR (95% CI)a

Adjusted
RR (95% CI)b

Reference Reference Reference

1.6 (0.9–2.8) 1.4 (0.8–2.5) 1.3 (0.7–2.3)
2.1 (1.2–3.7) 1.6 (0.9–2.9) 1.4 (0.8–2.6)
2.0 (1.2–3.2) 1.6 (1.0–2.7) 1.2 (0.7–2.1)
2.4 (1.0–5.5) 1.8 (0.8–4.3) 1.8 (0.8–4.3)

2.3 (1.4–3.6) 1.9 (1.2–3.0) 1.7 (1.0–2.7)
1.6 (0.8–3.1) 1.4 (0.7–2.7) 1.3 (0.6–2.5)
3.4 (1.8–6.3) 2.6 (1.4–5.0) 2.4 (1.2–4.3)
1.9 (1.1–3.5) 1.5 (0.8–2.8) 1.2 (0.6–2.3)
2.1 (1.4–3.3) 1.7 (1.1–2.6) 1.3 (0.8–2.1)
1.9 (0.8–4.5) 1.5 (0.6–3.7) 1.2 (0.5–3.0)

ctive technologies (IVF, intracytoplasmic sperm injection,

ity treatments.
to w

)

3)
9)
1)
9)

6)
5)
5)
5)
5)
2)
rodu

fertil
regnancies after adjusting for multiple gestations or restrict-
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ng the analyses to singletons or twins (24–29). These find-
ngs suggest that the elevated risk of gestational hyperten-
ion and preeclampsia in pregnancies resulting from
nfertility treatments is related to their higher proportion of
wins and higher order gestations. However, controlling for
ultiple gestations would be unwarranted if the goal were to

stimate the total impact of infertility treatments on the risk
f gestational hypertension, whether or not this effect is
ediated through multiple gestations. However, controlling

or multiple gestations would be necessary to assess the
irect effects of infertility treatments on gestational hyper-
ension, independently of their effects on increasing multiple
estations (37, 38). However, the total effect of infertility
reatments may be of greater interest from a public health
oint of view; advancing insight into the role of multiple
estations contributes to our understanding of gestational
ypertension and preeclampsia. Moreover, from a clinical
erspective, it is useful for those contemplating infertility
rocedures to know whether their risks of gestational
ypertension and preeclampsia are increased by the inter-
ention (e.g., assisted reproductive technologies) or the
ultiple gestations, because the former may be difficult to

void but the latter may be reduced (e.g., by implanting
ewer embryos).

Regarding the role of specific treatments, some studies
ave suggested a particularly elevated risk of preeclampsia
ssociated with intracytoplasmic sperm injection and gamete
onation (4, 11–13), whereas others have demonstrated sim-
lar risks for different reproductive procedures, including
VF, gamete intrafallopian transfer, and ovulation induction

TABLE 4
Incidence of preeclampsia according to women’
gestations.

Fertility treatment by group Total
Inciden

n (%

Total group (N � 5,151)
No treatment 4,762 115 (2.
Treatment 349 18 (5.

Singleton gestation (n � 4,947)
No treatment 4,680 110 (2.
Treatment 267 10 (3.

Twins (n � 142)
No treatment 76 5 (6.
Treatment 66 5 (7.

Note: NA � not available.
a Adjusted for prepregnancy body mass index and parity.
b Adjusted also for number of fetuses.

Hernández-Díaz. Infertility and gestational hypertension. Fertil Steril 2007.
20, 21, 33, 39). Our findings are consistent with the findings t

ertility and Sterility�
f the latter studies and suggest that the apparent differences
mong technologies may be largely explained by different
ates of multiple gestations associated with them. However,
ecause of the relatively small sample size, the risk estimates
or specific treatments were unstable and did not exclude
odest differences among treatments.

It has been suggested that the association between infer-
ility treatments and gestational hypertension stems from an
nderlying disorder, such as immune maladaptation, that
ould increase the risk of both infertility and preeclampsia

2). Our results are inconsistent with this hypothesis because
either past subfertility nor untreated subfertility in the index
regnancy was associated with gestational hypertension, and
he elevated risk associated with treated infertility was
argely explained by primiparity, higher weight, and the
ncreased number of multiple gestations. Unfortunately, our
tudy lacked information on the specific etiology of infertil-
ty, and therefore we were not able to evaluate the risk of
estational hypertension among specific populations of in-
ertile patients who may have an inherently increased risk.

The discrepant findings among previous publications may
erive not only from the way that those studies dealt with
wins and higher order gestations but from other method-
logical differences. For instance, some of the positive stud-
es that relied on records in automated medical databases
onsidered only gestational hypertension requiring hospital-
zation. This outcome definition may be prone to bias if there
s a lower threshold for hospitalization among women who
onceive as a result of assisted reproduction. In addition to

ertility history and accounting for multiple

Preeclampsia

Model 1,
crude

RR (95% CI)

Model 2,
adjusted

RR (95% CI)a

Model 3,
adjusted

RR (95% CI)b

Reference Reference Reference
2.2 (1.3–3.7) 1.6 (1.0–2.7) 1.2 (0.7–2.2)

Reference Reference NA
1.6 (0.8–3.1) 1.2 (0.6–2.4)

Reference Reference NA
1.2 (0.3–4.2) 0.6 (0.1–2.5)
s inf

ce,
)

4)
2)

4)
8)

6)
6)
his potential source of bias, studies that compared infertility
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ohorts with outcome rates from the general population
ould tend to overestimate the risk of infertility treatments
ecause of both a better recording of diagnosis in ad hoc
ohorts and the specific characteristics of women with infer-
ility (e.g., primiparity).

Because we did not have access to obstetric notes in
others’ medical records, our reliance on self-reported out-

ome information may include underreporting of events and
ross-classification of preeclampsia as gestational hyperten-
ion. However, such misclassification is likely to have been
inimized by use of a carefully designed questionnaire that

ncluded specific questions on the onset of gestational hy-
ertension and preeclampsia as diagnosed by a health-care
rovider; in addition, interviews were conducted within 6
onths of delivery by trained nurses who were unaware of

he hypothesis under study. Underdiagnosis is unlikely be-
ause �99% of the women in our population had had pre-
atal care, in which screening for the detection of gestational
ypertension and proteinuria is standard practice. Moreover,
esults were similar within levels of women’s education (i.e.,
f diagnosis, awareness, or recall were poor, one might
xpect more misclassification among women with lower
ducation).

Further, the data offer evidence of the general validity of
he outcome definitions: first, the reported incidence of ges-
ational hypertension with or without preeclampsia (12.4%)
nd the incidence of preeclampsia (5.3%) among primipa-
ous women in our population are similar to those described
n clinical trials (40). Second, the frequency and effect of
ther known risk factors (e.g., gravidity, number of fetuses,
nd maternal weight) are similar to those consistently re-
orted in the literature (41), and the associations with coffee
ntake and early menarche were also described in two pre-
ious publications (42, 43). Other previously suggested risk
actors, such as advanced maternal age, diabetes, and black
ace, were not associated with a higher frequency of gesta-
ional hypertension in our study, most likely because we
xcluded women with chronic hypertension (i.e., these fac-
ors were associated with hypertension diagnosed earlier
han 20 wk of gestation). Our failure to find the protective
ffect of smoking that was suggested elsewhere (44) may be
result of differences among populations, methodological

actors, and/or chance.

More directly, we evaluated the susceptibility of the re-
ults to outcome misclassification (45). For both gestational
ypertension and preeclampsia, the sensitivity of interview
ata ranges from 65% to 100% (estimated as recall against
edical record) (46, 47). Were misclassification to occur

imilarly among women with and without fertility treat-
ents, such bias would result in a slight underestimation of

he effect of infertility treatments. For example, assuming a
ensitivity of 65% (i.e., 35% of women with preeclampsia
ailed to report it), the corrected crude RR for preeclampsia
ould have been 2.24 rather than 2.20. However, if gesta-
ional hypertension were diagnosed more readily among

444 Hernández-Díaz et al. Infertility and gestational hyperte
omen undergoing assisted reproduction (e.g., because of
ore intensive antenatal care), such bias would result in an

verestimation of the infertility treatment effects; that is, the
djusted unbiased effect would be even closer to the null
han the observed one.

In conclusion, we found that pregnancies resulting from
nfertility treatments have a slightly higher risk of gestational
ypertension than do spontaneous conceptions in women of
omparable parity and weight. However, this increased risk
ppears to be largely attributable to the higher frequency of
wins and higher order gestations resulting from infertility
reatments, because multiple gestations themselves carry a
igher risk of gestational hypertension.
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Obesity and poor reproductive outcome: the potential
role of the endometrium
Jos�e Bellver, M.D., Marco A. B. Melo, M.D., Ernesto Bosch, M.D., Vicente Serra, M.D.,
Jos�e Remoh�ı, M.D., and Antonio Pellicer, M.D.

Departments of Reproduction and Maternal–Fetal Medicine, Instituto Valenciano de Infertilidad, Universidad de Valencia,

Valencia, Spain

Objective: To analyze the potential role of extraovarian factors such as endometrium in the reproductive outcome
of obese patients.
Design: Retrospective study.
Setting: University-affiliated infertility clinic, between January 2001 and July 2005.
Patient(s): Women undergoing a total of 2656 first ovum donation (OD) cycles with good quality embryos.
Intervention(s): The oocyte donors underwent controlled ovarian hyperstimulation, and recipients received a well-
established hormonal replacement therapy for endometrial preparation. In vitro fertilization (IVF) or intracytoplas-
mic sperm injection (ICSI) was performed according to semen characteristics. All first cycles (n¼ 2656) of ovum
donation used good quality embryos and were divided into groups according to body mass index: <20 kg/m2

(n ¼ 471), 20 to 24.9 kg/m2 (n ¼ 1613), 25 to 29.9 kg/m2 (n ¼ 450), and R30 kg/m2 (n ¼ 122).
Main Outcome Measure(s): The recipient body mass index groups were compared regarding IVF outcome.
Result(s): The rates of implantation, pregnancy, miscarriage, and ongoing pregnancy were similar among the body
mass index groups, although there was a negative trend when body mass index increased. Ongoing pregnancy rates
per cycle were poorer in the overweight and obese groups than in the underweight and normal groups. In addition,
women under 25 kg/m2 presented an ongoing pregnancy rate per cycle of 45.5%, compared with 38.3% for those
with R25 kg/m2.
Conclusion(s): Excess weight exerts an extraovarian detrimental effect. The role of the endometrium or its envi-
ronment seems to be subtle but should be taken into account. (Fertil Steril� 2007;88:446–51. �2007 by American
Society for Reproductive Medicine.)

Key Words: Assisted reproduction, endometrium, implantation, miscarriage, obesity, overweight, ovum donation,
pregnancy
Obesity is a costly and increasingly prevalent condition in
Western countries (1). Furthermore, many ethnic groups
who either migrate to Western societies or adopt a Western
lifestyle become prone to obesity in their changed environ-
ment (2). Obesity causes increased morbidity and mortality
as a result of a variety of associated pathologies such as car-
diovascular disease, type 2 diabetes, gastrointestinal disease,
arthritis, and cancer (3). In the field of gynecology and
reproduction, obesity has been associated with menstrual
disorders, hirsutism, infertility, miscarriage, and obstetric
complications (2). In addition, over a third to half of women
with polycystic ovary syndrome are overweight or obese (4).

Different mechanisms are involved in the poor reproduc-
tive performance of these patients, including insulin resis-
tance, hyperandrogenism, or elevated leptin levels (2, 5, 6).
Obese women experience longer times to conception and
an increased infertility rate (7, 8). Lower pregnancy rates,
higher miscarriage rates, and more frequent complications
in pregnancy have been described, leading to lower live-birth
rates, both in natural and assisted conceptions. Obesity could
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impair reproduction by acting on the ovary and/or the endo-
metrium. Many works have highlighted the role of the ovary
(9), but others have pointed to endometrial disturbances (10);
the most adequate human model for dissecting both compo-
nents is the ovum donation (OD) model.

Only few recent works have analyzed reproductive out-
come following OD, studying the rates of implantation, preg-
nancy, and miscarriage according to recipient body mass
index (BMI) (11–13). Discrepancies in miscarriage rates
have arisen in these studies, mainly due to statistical flaws
caused by small sample sizes, inadequate selection criteria,
or overestimation of fetal loss rates. Our study aimed to as-
certain whether obesity can impair reproductive outcome
through an extraovarian effect, maybe involving the endome-
trium. By way of correcting the aforementioned statistical
flaws, we collected the largest sample size to date of first-
cycle recipients of OD who showed no risk factors for miscar-
riage, and we analyzed their reproductive outcome according
to their BMI.

MATERIALS AND METHODS

Study Population

We retrospectively considered all first OD cycles performed
in our institution between January 1, 2001, and July 1,
0015-0282/07/$32.00
, Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.162

mailto:jbellver@ivi.es


2005, adhering to the following inclusion criteria: BMI
recorded %1 year before the treatment, good embryo
quality, absence of uterine pathologic conditions (submucous
or more than 2-cm intramural fibroids, polyps, adhesions,
adenomyosis, or müllerian defects), no clinical history of
antiphospholipid antibodies (lupus anticoagulant or anticar-
diolipin IgG-IgM) or recurrent miscarriage (except for the
cases of a known maternal chromosomal abnormality), and
nonsevere sperm pathology. Embryos were considered to
be of good quality when they were transferred with two to
four cells and <15% of fragmentation on day 2 of develop-
ment, six to eight cells and <15% of fragmentation on day
3 of development, cavitated or expanded blastocysts on day
5 of development, or expanded or hatching blastocysts on
day 6 of development. Severe sperm pathology in the male
partner was defined as severe teratozoospermia (<5% normal
forms), severe oligozoospermia (<5 million fresh spermato-
zoids/mm3), or nonobstructive azoospermia.

A total of 2656 first OD cycles were eligible for the study.
To compare the rates of implantation, miscarriage, pregnancy
rates according to the BMI (calculated as weight/height2),
these recipients were divided into four groups: lean with
<20 kg/m2 (n ¼ 471; 17.7%); normal with 20 to 24.9 kg/m2

(n ¼ 1613; 60.7%); overweight with 25 to 29.9 kg/m2

(n ¼ 450; 17.0%); and obese with R30 kg/m2 (n ¼ 122;
4.6%).

Donors: Characteristics and Ovarian Stimulation

In Spain, OD is voluntary and anonymous. Donors are aged
between 18 and 35 years. They must be healthy, with no fam-
ily history or personal history of inherited or chromosomal
diseases, and undergo a complete gynecologic examination,
karyotype, and screening for infectious diseases like human
immunodeficiency virus, hepatitis B and C, gonococcus,
and syphilis. For our study, donors were 26.0 � 4.3 years
of age and presented with normal BMI ranges (22.3 � 3.5
kg/m2). Their ovaries were stimulated for ovum pick-up, as
described elsewhere (14, 15). Briefly, pituitary desensitiza-
tion with daily subcutaneous administration of 1 mg of
leuprolide acetate (Procrin; Abbott S.A., Madrid, Spain) or
inhaled administration of 800 mg of nafarelin (Synarel;
SEID Laboratories S.A., Barcelona, Spain) began in the
luteal phase of the previous menstrual cycle. This dose was
continued until ovarian quiescence was confirmed by ultra-
sound during the following menstruation, at which point
the dose of the gonadotropin-releasing hormone (GnRH)
agonist was halved. On days 1 and 2 of ovarian stimulation,
recombinant follicle-stimulating hormone (FSH; Gonal-F,
Serono Laboratories, Madrid, Spain; or Puregon, Organon,
Barcelona, Spain) and/or highly purified human menopausal
gonadotropin (hMG; Menopur, Ferring, Madrid, Spain) were
administered in doses varying from 150 to 300 IU/day,
depending on donor age, BMI, ovarian pattern, menstrual
cycles, basal hormones, and response to previous controlled
ovarian stimulations (if performed). From day 3 of stimula-
tion, the gonadotropin dose was adjusted according to serum
Fertility and Sterility�
estradiol (E2) levels and ovarian response, as assessed by vag-
inal ultrasound every 2 days. Human chorionic gonadotropin
(hCG; Ovitrelle; Serono) was administered subcutaneously
when at least two leading follicles reached a mean diameter
of R18 mm. Daily administration of GnRH agonist and
gonadotropins was discontinued on the day of hCG adminis-
tration. Transvaginal oocyte retrieval was scheduled 36
hours later. Donors were matched with recipients according
to phenotype and blood group.

Endometrial Preparation and Follow-up in Recipients

The protocol of steroid replacement for recipients has also
been described previously elsewhere (14, 15). Briefly, in
recipients with ovarian function, pituitary desensitization is
achieved by administering a single intramuscular ampule of
3.75 mg of triptorelin (Decapeptyl depot 3.75; Ipsen Pharma,
Madrid, Spain) in the midluteal phase. Hormonal replace-
ment therapy was initiated after ultrasound confirmation
of ovarian quiescence during menstruation. For the first
8 days, 2 mg of E2 valerate (Progynova; Schering Spain,
Madrid, Spain) was administered daily; this was raised to 4
mg for the following 3 days, and then to 6 mg subsequently.
After 13 days of E2 valerate administration, endometrial
thickness and pattern were recorded. If a three-layer pat-
tern was detected in a R7-mm endometrium, estrogen ther-
apy was continued at the same dose until the pregnancy test
was performed. If the endometrium was not seen to have de-
veloped sufficiently, doses of E2 valerate were increased to
8 mg/day. Serum E2 levels were tested only for detecting
possible E2 bowel malabsorption in cases where there was
a thin endometrium.

Embryo transfer was performed 2, 3, 5, or 6 days after
oocyte retrieval via the vaginal route. In our program, 800
mg/day of micronized intravaginal progesterone (Progeffik,
Laboratories Effik S.A., Madrid, Spain; or Utrogestan,
SEID Laboratories S.A.) was administered from the egg
donation and continued until the result of the pregnancy
test was known.

Fourteen to 16 days after oocyte retrieval, a quantitative
serum value of b-hCG was obtained, with a result of greater
than 10 UI/L being considered positive. When the b-hCG re-
sult was positive, a second b-hCG test and a primary transva-
ginal ultrasound were performed 1 week later (21 to 23 days
after oocyte retrieval). Scans were repeated weekly until the
detection of an embryo heartbeat and monthly thereafter. We
continued E2 valerate and micronized progesterone at the
same dosage until day 80 of the pregnancy.

Biochemical pregnancy was diagnosed when a previously
positive pregnancy test became negative prior to ultrasono-
graphic detection of an embryonic sac in the fifth week of
pregnancy or later. Miscarriage was defined as a pregnancy
failing to reach the week 20 of pregnancy after the detection
of a gestational sac by ultrasound. Ectopic pregnancy was de-
fined as a pregnancy sited outside the endometrium, detected
by ultrasound or laparoscopy, or highly suspected due to
447



symptoms and/or the b-hCG serum curve of the patient. On-
going pregnancy rate per started cycle was defined as the per-
centage of pregnancies surpassing week 20 of gestation in
relation to the number of cycles of OD included in each
BMI group, regardless of whether a positive pregnancy
resulted.

Statistics

Statistical analysis was performed using the Statistical Pack-
age for Social Science version 11.0 (SPSS Inc., Chicago, IL).
Categorical data were expressed as number and percentage,
and numerical data as mean and standard deviation. One-
way analysis of variance (ANOVA) was used for comparing
the four BMI groups and Student’s t test for comparing ongo-
ing pregnancy rate per started cycle when a cut-off was used.
Linear regression was employed for trend analysis, and
binary logistic regression for calculating the odds ratio of
448 Bellver et al. Obesity and ovum donation
ongoing pregnancy rate per started cycle according to BMI.
P<.05 was considered statistically significant.

RESULTS

In our study, the indications for ovum donation were the
following: low ovarian response (33%), premature ovarian
failure (28%), female advanced age (22%), menopause
(15%), and bad oocyte quality (2%).

The overall pregnancy rate was 59.0%, overall implanta-
tion rate 33.8%, and overall miscarriage rate 16.4%. As
Table 1 shows, no differences appeared among the BMI
groups in any of the following parameters: number of recip-
ients with ovarian function who received GnRH agonist; days
under estrogen therapy for endometrial preparation before
embryo transfer; endometrial thickness; number of donated
oocytes; number of transferred embryos; or day of embryo
transfer. Regarding the patient age, a statistically significant
TABLE 1
Descriptive characteristics of the study group (n [ 2656).

<20 kg/m2

(n [ 471)
20–24.9 kg/m2

(n [ 1613)
25–29.9 kg/m2

(n [ 450)
R30 kg/m2

(n [ 122) P value

Age of recipient 38.9 � 4.9a 39.1 � 5.1 39.7 � 5.2b 39.9 � 5.7 .03a,b

Number of donated
oocytes

11.3 � 3.4 11.0 � 3.4 11.0 � 3.8 10.5 � 3.3 NS

Use of GnRH agonist (%) 75.0 71.4 72.3 64.5 NS
Days of estrogen therapy 32.8 � 15.8 32.3 � 11.8 31.9 � 12.1 32.0 � 16.5 NS
Endometrial thickness 9.1 � 0.6 8.5 � 0.8 8.6 � 0.3 9.2 � 0.6 NS
No. of transferred

embryos
2.4 � 0.7 2.3 � 0.7 2.4 � 0.7 2.4 � 0.7 NS

Day of embryo
development

3.6 � 1.2 3.5 � 1.4 3.4 � 1.2 3.4 � 1.1 NS

Transferred
blastocysts (%)

115 (25.0) 342 (21.7) 86 (19.5) 23 (19.0) NS

Implantation rate
% (CI 95%)

34.9 (31.5–38.3) 34.6 (32.8–36.5) 31.1 (27.7–34.5) 29.0 (22.2–35.7) NS

Pregnancy rate
% (CI 95%)

60.3 (55.9–64.7) 60.1 (57.7–62.5) 56.6 (52.0–61.2) 49.2 (40.2–58.2) NS

Biochemical pregnancy
rate % (CI 95%)

7.4 (4.3–10.5) 8.0 (6.3–9.8) 9.4 (5.8–13.1) 5.0 (0–10.7) NS

Ectopic pregnancy
rate % (CI 95%)

0.4 (0–1.0) 0.9 (0.3–1.5) 2.0 (0.2–3.7) 3.3 (0–8.0) NS

Miscarriage rate
% (CI 95%)

14.8 (10.6–18.9) 15.9 (13.6–18.2) 19.7 (14.8–24.6) 18.3 (8.3–28.4) NS

Ongoing pregnancy
rate per cycle (%)

46.7 (41.2–51.2)a 45.2 (42.8–47.6)b 38.9 (34.4–43.4)c 36.1 (27.4–44.7)d .017

.016a,c

.032a,d

.016 b,c

.046b,d

Note: Unless otherwise indicated, values are means � SD. CI ¼ confidence interval; NS ¼ not significant.
a,b,c,d P values of age and ongoing pregnancy rate per cycle obtained by group-to-group comparisons.
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difference was observed between the lean and the overweight
groups.

Similar implantation and pregnancy rates were detected
in the four BMI groups, as was the case with biochemical,
ectopic, and miscarriage rates (see Table 1). Multiple preg-
nancy rates were also similar among the groups (33.8%,
34.0%, 38.6%, and 35.0% in the lean, normal, overweight,
and obese groups, respectively; P>.05). However, when
BMI increased, a trend toward poorer results in terms of im-
plantation, pregnancy, ectopic pregnancy, and miscarriage
rates was evident. Hence, the higher the BMI was, the lower
implantation and pregnancy rates were and the higher ectopic
and miscarriage rates, despite nonsignificant differences
among the groups. However, linear regression analysis
showed a statistically significant decreased implantation
rate as BMI increased (r2 ¼ 0.03, P¼.008).

In addition, the ongoing pregnancy rate per started cycle
showed a statistically significant decrease with BMI due to
the accumulative effect of all these trends: from 46.7% in
the lean group to 36.1% in the obese group (Table 1,
Fig. 1). Moreover, when the cut-off of 25 kg/m2 was taken
into account, the ongoing pregnancy rate per cycle initiated
was significantly reduced in patients in the overweight and
obese groups (from 45.5% with <25 kg/m2 to 38.3% with
R25 kg/m2; P¼.002) (Fig. 2). The odds ratio of ongoing
pregnancy per started cycle among BMI groups was 0.85
(95% CI, 0.76–0.95; P¼.003), showing a significant trend
to decrease as BMI increased.

FIGURE 1

Ongoing pregnancy rate per cycle (%) in each body
mass index (BMI) group. CI: confidence interval.
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BMI: Body mass index; CI: Confidence Interval
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DISCUSSION

Many reports have described a poorer reproductive prognosis
in obese women, both in natural and assisted conception cy-
cles (7, 10, 16–21), leading to a lower chance for a healthy
live born (9, 18, 22). This tendency seems to be a result of
a combination of lower implantation and pregnancy rates,
higher preclinical and clinical miscarriage rates, and in-
creased complications in pregnancy for both mother and
fetus.

This poor outcome have been related to various endocrine
and metabolic disturbances, such as effects on steroid metab-
olism and alterations in the secretion and action of insulin and
other hormones as leptin, resistin, ghrelin, and adiponectin
(21, 23), which may affect follicle growth, corpus luteum
function, early embryo development, trophoblast function,
and endometrial receptivity (21). Poor reproductive perfor-
mance and miscarriage in the first trimester of pregnancy
may be associated with the detrimental effect of obesity on
the embryo–endometrium dialogue, but complications in
the second or third trimesters of pregnancy are most likely
caused by the multiorganic effect of obesity in the mother.

Most investigators have suggested a key role for the ovary
in the poor reproductive performance of obese women, based
on different observations of ovulation induction and ART cy-
cles (18, 20, 21, 24–27). Endometrial receptivity is another
plausible explanation for impaired implantation and

FIGURE 2

Ongoing pregnancy rate per cycle (%) according to
the cut-off of 25 kg/m2 body mass index (BMI).
CI: confidence interval.
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miscarriage by means of an unfavorable intrauterine milieu
associated with obesity. However, the fact that obese women
tend to have nonrecurrent spontaneous abortions suggests
a nonrecurring cause for the miscarriage, pointing again to
the oocyte quality as the main factor (28).

From a clinical point of view, the most effective way of
separating the action of obesity on the ovary and endome-
trium in humans is the OD model. In this model, good-quality
oocytes from healthy, nonobese young women are employed.
In this way, any influence of obesity on pregnancy outcome
would be mediated by the endometrium or/and its environ-
ment, as we have shown in other important dilemmas in
human reproduction (14, 29). To date, three retrospective
studies have been carried out on implantation and miscar-
riage after OD, using the same BMI groups as in the present
report. The first detected a fourfold increase in the risk of
spontaneous abortion in obese women (11), but the other
two did not observe any impact of obesity on pregnancy out-
come (12, 13). However, all these studies contained statistical
flaws.

The first study (11) was performed by our group and
showed no differences in pregnancy or implantation rates
according to BMI, though there was a trend toward poorer
results in obese women. However, the miscarriage rate was
38.1% in obese women, significantly higher than in normal
patients. This finding represented an odds ratio for miscar-
riage in obese women of 4.02 (95% CI, 1.53–10.57). Never-
theless, this work presented two problems. First, despite an
ample total sample size (n¼ 712), the obese group was some-
what inadequate (n ¼ 50). Based on the pregnancy rate of
42% (n ¼21) observed in this group, a mere eight miscar-
riages determined a 38.1% of miscarriage rate. Second, not
all the cycles considered in the study were first cycles; hence,
a possible overestimation of repeated cycles in the same pa-
tient could have contributed to the increment of miscarriages
in the obese group, as some studies have since pointed out
(12, 13).

The second report (12) only studied the uterine receptivity
by means of endometrial implantation in the OD model. The
investigators did not observe any effect of BMI on implanta-
tion rates, taking into account only first-cycle recipients of
OD. However, the number of women included was inade-
quate, as there were only seven in the lean group and 12 in
the obese group, out of total of 97 cycles. As acknowledged
in that report and by others since (30), the sample size was
insufficient for forming reliable conclusions.

The third work (13) improved on some of the flaws of the
former two, analyzing a total of 536 first-cycle recipients of
OD, including an obese group of 77 women. Again, similar
BMI groups to those in the previous two studies were taken
into account. The investigators did not find a statistically
significant difference in pregnancy, implantation, and mis-
carriage rates. The lack of difference in miscarriage rates
among BMI groups may be partly due to the considerably
elevated miscarriage rates described in the lean, normal, and
450 Bellver et al. Obesity and ovum donation
obese groups (25.0%, 24.5%, and 29.8%, respectively). In ad-
dition, when the study separated fetal loss rates according to
the day of embryo transfer (day 3 versus blastocyst), miscar-
riage rates rose to 34.3% and 45.0% on day 3 in normal and
obese women, respectively. A recent study of 3089 OD cycles
gave a global miscarriage rate of 17.6%, and 16.8% in
women under 45 years old (n ¼ 2683) (15), which was the
age of the vast majority of patients included in the study of
Styne-Gross et al. (13). In our study, global miscarriage
rate was 16.4%. In the light of such findings, the high miscar-
riage rate described by Styne-Gross et al. (13) is not under-
standable and could invalidate their results (31).

In our present study, we have considered a large sample of
first-cycle recipients of OD after excluding various factors
related to an increased risk of miscarriage. The resulting
miscarriage rates are comparable with those previously
described in OD (15). Our results might explain why, in pre-
vious works (12, 13), the ovary had been considered as the
only factor responsible for the poor reproductive outcome
in obese women. For subtle factors to be detected, the sample
sizes need to be considerable. In fact, in our study, no statis-
tically significant differences were initially observed in the
considered parameters of reproductive outcome with respect
to BMI, despite a trend toward poorer results as BMI in-
creased. However, those trends contributed to a statistically
significantly poorer ongoing pregnancy rate per started cycle
in overweight and obese women than in underweight and
normal patients (see Table 1, Fig. 1), which was more sig-
nificantly expressed when both weight-excess groups were
considered together (see Fig. 2) and represented an odds ratio
of 0.85 as BMI group increased.

These results lead us to three conclusions. [1] The ovary
is not the only factor responsible for the poor reproductive
outcome in obese patients; therefore, the endometrium or
its environment also contributes to this discouraging progno-
sis, but in a more subtle manner. [2] Underweight women do
not experience a poorer reproductive outcome in the OD
model, which means that the ‘‘inverted U shape’’ theory about
the negative impact of under or overweight on reproduction
(1, 10, 32) should perhaps only be applied to native oocyte
conceptions, based on the effect on the ovary of the condition
of being underweight. [3] Being overweight also implies
a more negative reproductive prognosis, so overweight
patients should be counseled, as are obese patients, about
weight control.

In our present report, the endometrium or its environment,
and not only the ovary, seems to be implicated in the worst
reproductive outcome of obese women. Hence, weight con-
trol in obese patients is always advisable prior to conception,
regardless of how this is achieved. This advice should also be
extended to overweight women. On the other hand, this clin-
ical study encourages researchers to continue current investi-
gations focused on the effect of metabolic and endocrinologic
alterations associated with obesity on the endometrium as
well as on the action of insulin, leptin, ghrelin, resistin,
adiponectin and other related hormones on this tissue (23).
Vol. 88, No. 2, August 2007



We conclude that excess weight exerts an extraovarian
detrimental effect, and that its correction could improve
the reproductive outcome in overweight and obese patients.
The role of endometrium or its environment seems to be
small, but should be taken into account.

REFERENCES
1. Norman RJ, Clark AM. Obesity and reproductive disorders: a review.

Reprod Fertil Dev 1998;10:55–63.

2. Norman RJ, Noakes M, Wu R, Davies MJ, Moran L, Wang JX. Improv-

ing reproductive performance in overweight/obese women with effective

weight management. Hum Reprod Update 2004;10:267–80.

3. Calle EE, Thun MJ, Petrelli JM, Rodriguez, Heath CW Jr. Body-mass

index and mortality in a prospective cohort of US adults. N Engl J Med

1999;341:1097–105.

4. Gambineri A, Pelusi C, Vicennati V, Pagotto U, Pasquali R. Obesity and

polycystic ovary syndrome. Int J Obes Relat Metab Disord 2002;26:

883–96.

5. Pasquali R, Pelusi C, Genghini S, Cacciari M, Gambineri A. Obesity and

reproductive disorders in women. Hum Reprod Update 2003;4:359–72.

6. Linn�e Y. Effects of obesity on women’s reproduction and complications

during pregnancy. Obes Rev 2004;5:137–43.

7. Zaadastra BM, Seidell JC, Van Noord PA, te Velde ER, Habbema JD,

Vrieswijk B, et al. Fat and female fecundity: prospective study of effect

of body fat distribution on conception rates. BMJ 1993;306:484–7.

8. Rich-Edwards JW, Spiegelman D, Garland M, Hertzmark E, Junter DJ,

Colditz GA, et al. Physical activity, body mass index, and ovulatory

disorder infertility. Epidemiology 2002;13:190–4.
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REPRODUCTIVE BIOLOGY

Effect of tamoxifen treatment on the semen quality
and fertility of the male rat
Ruben D. Motrich, M.Sc.,a Andres A. Ponce, Ph.D.,b and Virginia E. Rivero, Ph.D.a

a Centro de Investigaciones en Bioquı́mica Clı́nica e Inmunologı́a (CIBICI-CONICET), Departamento de Bioquı́mica Clı́nica,

Facultad de Ciencias Quı́micas, and b Instituto de Fisiologı́a Humana, Facultad de Ciencias M�edicas, Universidad Nacional de

Córdoba, Córdoba, Argentina

Objectives: To determine the effects of tamoxifen treatment on the seminal quality and fertility of the male Wistar
rat.
Design: Experimental prospective study.
Setting: Animal research and university laboratory facility.
Subject(s): Seventy-five-day-old male and female Wistar rats.
Intervention(s): Sperm quality parameters were assayed in seminal and epididymal sperm samples in control and
treated rats at a dose of 0.4 mg tamoxifen/kg per day. In addition, mating studies were performed, and different
fertility parameters were assayed.
Result(s): Tamoxifen treatment significantly decreased sperm concentration and motility in seminal and epidid-
ymal sperm. Sperm viability and hypo-osmotic swelling test results were shown not to be altered. The copulatory
plug was absent or severely impaired in tamoxifen-treated males. When mating experiments were performed, a sig-
nificant decrease in the fertility index and increased percentages of preimplantation and postimplantation embryo
loss were also observed.
Conclusion(s): Tamoxifen treatment significantly altered sperm quality in seminal and epididymal sperm. These
alterations were present in testis and epididymis, and additional negative effects on the sexual accessory glands
were observed. Finally, these alterations were capable of seriously compromising fertility ability of these male
rats. (Fertil Steril� 2007;88:452–61. �2007 by American Society for Reproductive Medicine.)

Key Words: Tamoxifen, semen quality, male fertility, infertility, male genital tract
Estrogens play a central role in female reproduction but also
affect the male reproductive system (1). They have well-
established roles in males, such as regulation of gonadotropin
secretion (2), masculinization of the brain during develop-
ment (3), and maintenance of sexual behavior in adults (3).
Besides, there is growing evidence for their implication in
germ cell differentiation during development. Germ cells
are able to synthesize estrogens, resulting in direct modula-
tion of their own maturation via paracrine and/or intracrine
actions (4). Estradiol and other environmental estrogens
have been shown to stimulate mammalian sperm capacita-
tion, acrosome reaction, and fertilizing ability (5).
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Many of the estrogen effects are mediated by the cognate
receptors, ligand-activated transcription factors, binding to
estrogen-responsive elements of the hormone-responsive
genes (6, 7). A widespread tissue-specific distribution of es-
trogen receptor a (ERa) and b (ERb) in different cell types
of the testis and male reproductive tract has been reported
(8). Results obtained by using knockout animal models sug-
gest that ERa and ERb have differences in structure, tissue
distribution, transcriptional activities, and also phenotype
(9). ERb has been detected in the nuclei of spermatogonia,
spermatocytes, early developing spermatids, sperm, and Ser-
toli cells (10). ERa has been localized in the nuclei of Leydig
cells, round spermatocytes, spermatids, and sperm (10, 11).

Although estrogens have well-known genomic action, they
also exert rapid nongenomic effects, which are mediated by
classical or still poorly characterized receptors (12). These
fast nongenomic responses possibly represent the exclusive
modality of estrogen action in mature sperm, because these
cells are considered to be translationally inactive (13). Taking
into account all this information, it could be speculated that
estrogens play many and different actions in male reproduc-
tion. The critical role of estrogens in male fertility is also
demonstrated by the fact that targeted inactivation of the
0015-0282/07/$32.00
, Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.196
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ERa gene in male mice (ERKO) causes a severe impairment
of spermatogenesis and fertility (14). In addition, stimulation
of rat gonocyte proliferation by estrogens in vitro (15) and
impairment in the development of the spermatids by aroma-
tase inhibitors in monkeys (16) indicate a role for estrogens in
spermatogenesis.

Tamoxifen is a synthetic nonsteroidal type I estrogen an-
tagonist that competitively blocks estrogen receptors and in-
hibits the action of agonists, but, because of its own agonistic
property, it also induces some estrogenic responses (17). The
manifestation of these different actions depends on each spe-
cies, organ, and tissue and cell type (17). The exact mecha-
nisms of this duality are not understood completely, but
they may depend on the expression of specific cell estrogen
receptor variants (17). Alternatively, tamoxifen is converted
to biologically active metabolites in the liver, after oral treat-
ment, some of which have been reported to have greater affin-
ity for the estrogen receptors in vitro and thus have the
potential to modulate the tamoxifen-induced effects in vivo
by exerting synergistic or antagonistic effects (18–20).

Tamoxifen is usually used in the treatment of breast cancer
(21), and it has also been recommended in the treatment of
gynecomastia and oligozoospermia to improve impaired
spermatogenesis (22, 23), although its real effectiveness is
still unclear and a matter of debate (24, 25). Tamoxifen has
been shown to exert estrogenic properties in the developing
testis, accessory glands, and hypothalamic-pituitary axis af-
ter administration in adult male rats (26). It was also reported
that tamoxifen induced a decrease in testosterone serum
levels, disrupted the testicular seminiferous epithelium, and
induced the formation of multinucleated cells in the testis
(27–29).

In other studies, it was also pointed out that long-term oral
tamoxifen treatment caused reduction in viable litters sired
by treated male rats after 60 days of exposure (30). These
studies suggested that paternal factors sensitive to tamoxifen
are involved in embryogenesis. However, there are few data
regarding the effects of tamoxifen treatment on semen qual-
ity. The present study was undertaken to analyze the effects
of tamoxifen treatment in seminal sperm quality and in the
fertility capability of Wistar male rats.

MATERIALS AND METHODS

Animals

Randomly bred 75-day-old male and female rats of the Wis-
tar strain were bred and maintained under specific pathogen-
free conditions in the vivarium of the Center of Immunology
and Clinical Biochemistry Research (CIBICI-CONICET) of
the National University of Cordoba, Argentina. Ten male rats
and 20 female rats were included in our study. Animals were
maintained in a 16-hour-light/8-hour-dark cycle, at 20� 2�C,
with free access to food and water. The experimental protocol
and all the performed tests were reviewed carefully and ap-
proved by the institutional review board.
Fertility and Sterility�
Tamoxifen Treatment

Tamoxifen citrate tablets containing 20 mg tamoxifen were
obtained from Gador, Buenos Aires, Argentina. Tamoxifen
tablets were uniformly suspended in saline solution by soni-
cation and administered orally via a feeding tube. Five male
rats were administered 0.4 mg tamoxifen/kg per day (group T),
and another five male rats were administered saline solution
only (group C). Administrations were given between 10:00 AM

and 12:00 PM for a period of 60 days, and after that sperm
analysis was performed.

Semen Collection

Semen samples were obtained by electroejaculation as previ-
ously described (31). In brief, nonanesthetized rats were
placed in a box that covered the cephalic half of the body
while the rest lay on a metallic grid support. After the genital
area was cleaned, the prepuce was retracted, and the penis
was introduced into an Eppendorf plastic tube. The rectal
probe was lubricated, and the bronze bipolar electrode was
inserted into the rectum to a depth of 20 to 30 mm and held
by the technician. The alternating current (220 V, sinusoidal
wave, 50 cycles/s) was applied for 5 of every 10 seconds. The
current was controlled by a rheostat and was calculated from
an oscilloscope reading of the voltage drop across a resistor
placed in the circuit.

A series of one to five pulses normally was given at the 6 to
6.8 V setting. Immediately after electrostimulation, a white
viscous copulatory plug was obtained. Immediately after,
a series of one to 10 pulses was given at 13 to 15 V, and
the remaining portion of the ejaculate was collected and di-
luted with 150 ml of Tyrode’s buffer medium without bovine
serum albumin (pH 7.4, 280 mOsm/kg; Sigma Chemical Co.,
St. Louis, MO) to avoid coagulation.

Analysis of the copulatory plug was performed by assign-
ing arbitrary units (ranging from 0 to 1) to each plug accord-
ing to its size and consistency. Functional parameters of
spermatozoa were determined within 3 to 10 minutes by sub-
jective evaluation in fresh semen following standard methods
in our laboratory.

Epididymal Sperm Obtainment

Animals were killed by CO2 asphyxiation followed by cervi-
cal dislocation after mating experiments. The epididymis was
removed, trimmed of fat, and clamped at the corpus–caudae
junction. Rat spermatozoa were obtained by chopping cauda
epididymis with a sharp scissor, allowed to disperse, and
homogenized in 5 ml of Ham’s F-12 medium (Sigma) for
30 minutes at 37�C in a 5% CO2–saturated atmosphere.

Testicular Histology

After animals were killed by CO2 asphyxiation followed by
cervical dislocation, the testes were removed and immersed
in Bouin’s fluid for 10 hours. After that, the testes were placed
in 70% alcohol for 5 days with daily change of fresh alcohol.
Then they were processed for paraffin embedding, 5 mm
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sectioning, and hematoxylin-eosin staining. Slides were ob-
served under a light microscope for qualitative changes in
the seminiferous tubules. Sloughing of germinal epithelial
cells into the lumina was recorded and quantified as partial
(less than 50% of the surface cells were separated) or exten-
sive (more than 50% to complete exfoliation) as previously
described (32).

From each animal, six sections cut at 10 mm apart were
screened. One hundred seminiferous tubules were counted,
and sloughed tubules were classified.

Assays to Determine Sperm Concentration, Motility,
Viability, and Response to Hypo-Osmotic Swelling Test

Sperm concentration and motility were assessed at 23 � 2�C
in a Makler counting chamber (Sefi Medical Instruments,
Haifa, Israel) under an inverted microscope at �200 magni-
fication. The results are expressed as the percentage of motile
cells (progressive plus nonprogressive spermatozoa). No
fewer than 200 gametes were examined.

The viability parameter was evaluated by supravital stain-
ing with Hoechst 33258 (H258; Calbiochem, La Jolla, CA).
With use of the appropriate ultraviolet fluorescence optics
(Axiolab; Zeiss, Jena, Germany), spermatozoa showing
brightly fluorescent nuclei were scored as dead and sperm
cells that excluded the H258 and were not fluorescent were
scored as viable. The viability of 200 to 250 cells was
assessed.

The hypo-osmotic swelling (HOS) test evaluates whether
an intact membrane is biochemical and functionally active.
The procedure used for the HOS test was similar to the one
previously described (33). The sperm suspension was mixed
with the hypo-osmotic solution 100 mOsm/L (Osmometer
G-52; Fiske, Bethel, CT), pH 7.4, for 45 minutes at 37�C.
Evaluations were made by phase-contrast microscopy at
a magnification of �400; 200 or more cells were observed,
and the percentage of spermatozoa that showed tail swelling
was determined by dividing the number of reacted cells
(times 100) by the total number of spermatozoa counted in
the same area.

Mating Studies

Control and tamoxifen-treated male rats were mated with
normally cycling female rats a week after semen obtainment.
Animals all were labeled appropriately so that each of the five
males in each group was mated to two females; that is, a total
of 20 females were tested, 10 females for each experimental
group (groups C and T). Vaginal lavage was checked daily
(9:00 AM) in each female and used for microscopic determi-
nation of estrous cycle stage. On the morning of proestrus,
each female was transferred to the appropriate male cage at
approximately 5:00 PM for overnight breeding.

Females were removed from male cages early the next
morning, and the vaginal lavage fluid was examined
immediately for the presence of sperm or copulatory plug,
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which was analyzed and also used as evidence of mating.
The day when sperm in the vaginal smears or copulatory
plug was seen was designated as day 0 of gestation. The cop-
ulatory plug was scored as described above. The mated
females were separated and killed on day 21 of gestation.

Fertility Parameters

The females mated with the control and tamoxifen-treated
males were killed on day 21 of gestation. The uterus was ex-
posed, and the number of implantation sites in both horns of
the uterus was recorded. The ovaries were exposed to count
the number of corpora lutea. The number of live, dead, and
resorbed fetuses was also noted. The size (length and girth)
of individual fetuses was recorded. Fetus size was expressed
as the average of the ratio girth/length of each fetus sired by
each male.

Potency, or the ability of the male rat to mate, was calcu-
lated as the ratio of female rats mated (inseminated) to the
number of female rats exposed for mating times 100. Fertility
index was calculated as the ratio of the number of implanta-
tion sites to the number of corpora lutea. Fecundity was cal-
culated as the ratio of the number of male rats siring at least
one viable fetus to the total number of male rats exposed for
mating times 100. Preimplantation and postimplantation loss
was determined as follows:

Preimplantaion loss

¼ No: of corpora lutea� No: of implantaion sites

No: of corpora lutea
� 100

Postimplantaion loss

¼ No: of implantation sites� No: of live fetuses

No: of implantation sites
� 100

Statistics

The statistical analysis between control and experimental
groups was performed by unpaired Student’s t test. The level
of significance was set at P<.05.

RESULTS

Effects of Tamoxifen Treatment on Semen Sperm Quality

To ascertain the putative consequences of tamoxifen treat-
ment on rat sperm quality, we analyzed seminal sperm quality
parameters in the animals under study. Semen samples
from animals from different experimental groups were ob-
tained by electroejaculation after day 60 of tamoxifen
treatment. Different parameters such as sperm concentration,
total sperm motility, sperm viability, and the HOS test were
analyzed.

As can be seen in Figure 1A, tamoxifen treatment was able
to significantly alter the size and consistency of the copulatory
plug, which is a product of the accessory glands (P<.05).
When sperm density and motility were assayed, significantly
Vol. 88, No. 2, August 2007



FIGURE 1

Sperm quality analysis in seminal sperm. Analysis of copulatory plugs (A), sperm concentration (B), sperm
motility (C), sperm viability (D), and HOS test (E) was carried out in semen samples obtained by electroejaculation
of tamoxifen-treated male rats (group T). Different parameters of spermatozoa were determined immediately
after sperm obtainment by evaluation following standard methods. In all cases samples were processed
individually, and five animals per group were analyzed. *P<.05 versus control group (group C).

Motrich. Tamoxifen and semen quality. Fertil Steril 2007.
decreased levels were observed in the tamoxifen-treated male
rats (group T) when compared with the control animals (group
C) (Fig. 1B and 1C, P<.05), evidencing a detrimental effect of
tamoxifen treatment on semen quality.
Fertility and Sterility�
No significant differences were observed when sperm via-
bility and HOS tests were evaluated (Fig. 1D and 1E). These
tests revealed normal sperm viability and sperm cell mem-
brane integrity and functionality in the tamoxifen-treated
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group (group T) when compared with the control group
(group C).

Effects of Tamoxifen Treatment on Epididymal Sperm
Quality

Physiologically, spermatogenesis and sperm differentiation
occur in the testis. In the last steps, spermatozoa cells mature
and are stored in the epididymis. The most mature spermato-
zoa are kept in the caudae region of epididymis until ejacula-
tion, when they join the sex accessory gland fluids to form the
semen/ejaculate. Regarding this fact, we wanted to investi-
gate where the sperm alterations observed in semen were
present and originated. There were different possibilities:
first, that these alterations were the result of a direct detrimen-
tal effect of tamoxifen on the testis or on the spermatozoa
themselves during their genesis in the testis and maturation
in the epididymis; second, that these alterations were a result
456 Motrich et al. Tamoxifen and semen quality
of an altered composition of the seminal plasma (which nor-
mally constitutes an enriched medium for sperm survival) re-
sultant from a detrimental effect of tamoxifen treatment on
the physiology of the male accessory glands; and, third,
a combination of both of these. In an attempt to answer these
questions, we also analyzed epididymal sperm quality param-
eters in animals under study.

Animals were killed after the mating experiments, and the
same sperm analyses previously performed in semen samples
were done in epididymal sperm. In concordance with the re-
sults observed in semen samples, significantly altered values
were observed in animals from group T versus group C, when
epididymal sperm concentration and sperm motility were as-
sayed (Fig. 2A and 2B; P<.05). No differences were observed
between both experimental groups (groups T and C) when
sperm viability and the HOS tests were performed (Fig. 2C
and 2D).
FIGURE 2

Epididymal sperm quality analysis. Analysis of sperm concentration (A), sperm motility (B), sperm viability (C),
and HOS test (D) were carried out in epididymal sperm samples of tamoxifen-treated male rats (group T).
Different parameters of spermatozoa were determined immediately after epididymal sperm obtainment by
evaluation following standard methods. In all cases samples were processed individually, and five animals per
group were analyzed. *P<.05 versus control group (group C).

Motrich. Tamoxifen and semen quality. Fertil Steril 2007.
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Effects of Tamoxifen on Testicular Histology

To confirm the origin of the sperm alterations observed in
semen and epididymal samples, we performed histologic
analysis of the testis from all animals under study. As can
be seen in Figure 3, tamoxifen treatment induced disintegra-
tion of seminiferous epithelium with a significant increase
Fertility and Sterility�
in the number of partial sloughing tubules (14.4 � 2.3) as
compared with the values observed in the control group
(1.8 � 0.8, P<.01), evidencing a direct toxic effect of ta-
moxifen on the testis. Only partial sloughing (and no exten-
sive) tubules were observed at the drug dose given in this
work.
FIGURE 3

Testicular histologic analysis: tamoxifen-induced sloughing of the seminiferous epithelium. Light micrographs of
control animal (group C; A: �100; B: �600) and tamoxifen-treated animal testes morphology (group T; C: �200;
D: �600). A significant increase in the number of partial sloughing tubules was observed in testes from
tamoxifen-treated animals when compared with controls. In all cases samples were processed individually, and
five animals per group were analyzed. From each animal, six sections cut at 10 mm apart were screened. One
hundred seminiferous tubules were counted, and sloughed tubules were classified. *P<.01 versus control group.

Motrich. Tamoxifen and semen quality. Fertil Steril 2007.
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Effects of Tamoxifen on Male Fertility

The results presented above demonstrated a detrimental
effect of tamoxifen treatment on the sperm quality. We also
wanted to investigate whether these abnormalities in the se-
men quality were able to impair the fertility of the male rat.
To ascertain this, we conducted mating experiments. Each
male rat was mated with two sexually mature female rats. Fe-
males were killed at day 21 of gestation, and several fertility
parameters were assayed, such as potency, fecundity index,
fertility index, fetus size, live and resorbed fetuses, and pre-
implantation and postimplantation embryo development loss.

As shown in Table 1, significant differences in the size and
consistency of the copulatory plug were observed in tamoxi-
fen-treated males when compared with controls (P<.05). No
differences were evidenced in the potency and fecundity
index between the two experimental groups. However,
when the fertility index was analyzed, significantly decreased
values were observed in males from group T when compared
with the values observed in males from group C (Table 1,
P<.05). Despite the fact that all treated males were able to
sire at least one viable pup, females mated with tamoxifen-
treated males gave birth to fetuses with a significantly reduced
size (P<.05). Interestingly, these females (mated with tamox-
ifen-treated males) also evidenced increased levels of preim-
plantation and postimplantation loss (Table 1) (P<.05).

DISCUSSION

It is well known that estrogens are implicated deeply in the
regulation of the development and maintenance of the male

TABLE 1
Analysis of fertility parameters of
tamoxifen-treated male rats mated with
sexually mature females.

Fertility
parameters

Experimental groups

Group C Group T

Copulatory plug 1.00 � 0.00 0.45 � 0.13*
Potency 100 � 00 100 � 00
Fecundity index 100 � 00 100 � 00
Fertility index 0.97 � 0.06 0.70 � 0.11*
Fetus size 0.61 � 0.06 0.46 � 0.02*
Preimplantation

loss
3.33 � 1.23 29.50 � 5.44*

Postimplantation
loss

7.00 � 4.36 24.50 � 7.90*

Values are expressed as mean � SD.
* Significant difference with respect to group C (P<.05).

Each male from both experimental groups (n¼ 5) was
mated with two sexually mature females. Females
were killed on day 21 of gestation, and several fertility
parameters were analyzed.
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reproductive system. Besides the known presence of estrogen
receptors, ERa and ERb, in cells of the male reproductive
tract such as Leydig cells and Sertoli cells (10, 11), they
also were found recently in sperm cells (34, 35), suggesting
a cognate role of estrogens in sperm physiology. Indeed,
several abnormalities in the reproductive tract have been
observed in experiments from Korach, who demonstrated
abnormal testes size and diminished sperm number, motility,
morphology, and fertilizing ability in ERa and ERb knockout
mice (9).

Tamoxifen, a synthetic nonsteroidal antiestrogen, has been
used therapeutically for different pathologic conditions such
as breast cancer, gynecomastia, and oligozoospermia in the
last decades. Tamoxifen citrate has been indicated for the
treatment of male infertility/idiopathic oligospermia for
years, despite inconclusive evidence for a clear benefit or ef-
fectiveness (24, 36, 37). On one hand, some researchers have
proposed tamoxifen to have beneficial effects on endocrinal
outcomes, sperm count, and/or pregnancy rate outcomes
(22, 23, 38– 40). However, in all these works the authors
omitted the use of placebo controls, a fundamental aspect
to take into consideration for testing the real therapeutic po-
tential of any drug.

On the other hand, several works demonstrated no signif-
icant efficacy of tamoxifen for the treatment of male infer-
tility/idiopathic oligospermia (27, 41– 43). Moreover, Rolf
et al. reviewed the treatment of male infertility in 29 clini-
cal trials with a total of 1,586 patients and concluded that
the benefits may not justify the risks (thrombocytopenia,
carcinogenicity) of using tamoxifen in otherwise healthy
males (44). In addition, tamoxifen has been reported to
have detrimental effects in the fertility status of males
from different strains, such as rats, monkeys, and dogs
(45– 47), decreasing the ability of males to sire normal
pups. Most of the studies were conducted evaluating the
consequences of tamoxifen treatment in the capacity of
the males to sire viable litters, but little has been done re-
garding the semen quality in males that were subjected to
tamoxifen treatment.

In the present study we wanted to investigate the putative
detrimental effects of tamoxifen on sperm quality in semen
and epididymis as well and also on the fertility of these an-
imals when they were mated with normal female partners.
Our results evidenced that tamoxifen treatment at a dose of
0.4 mg/kg per day in male rats was able to significantly alter
sperm quality parameters such as sperm motility and sperm
count. These findings were detected in sperm from semen
samples and then further supported by the same findings in
epididymal sperm. Electroejaculation technique allowed us
to examine the correlation between seminal and epididymal
sperm quality, and to our knowledge this is the first report in
which seminal consequences of tamoxifen treatment were
identified.

The observed decreased levels in sperm density could be at-
tributed to the potential toxic effects of tamoxifen on the sper-
matogenesis process at the testis, diminishing the number of
Vol. 88, No. 2, August 2007



spermatids in the seminiferous tubules. Indeed, our results
demonstrated a toxic effect of tamoxifen treatment on the
rat testis. In the present work, tamoxifen treatment was able
to significantly alter the normal histologic conditions of the
rat testis, inducing disintegration of the seminiferous epithe-
lium with an increase in the number of sloughing tubules.
This findings support the hypothesis of a testicular toxic effect
of tamoxifen as the cause of the sperm alterations observed in
semen and epididymal samples. The toxicity of tamoxifen in
the testis and in the spermatogenesis process has been already
reported by other authors. The presence of DNA damage has
been shown in testicular spermatids from animals subjected to
a long-term treatment with tamoxifen (48). High levels of
lipid peroxidation and increased oxidative stress resulting in
teratogenesis and chemical carcinogenesis were also reported
in animals treated with tamoxifen (49). The treatment with
tamoxifen was also shown to be able to cause histologic
alterations on the seminiferous tubules in the testis, to induce
Sertoli cell damage and the formation of multinucleated cells
or symplast in the rat testis (32). Our results and all these
previous data support a toxic effect of tamoxifen on testicular
histology and physiology that could lead to impaired sper-
matogenesis resulting in decreased production of sperm and
poor semen quality.

In the present study, tamoxifen treatment has also been
shown to cause an alteration in sperm motility. Regarding
this fact, many possibilities could be hypothesized: a tamox-
ifen-induced testicular damage that then produced abnor-
mal sperm; direct sperm damage; an altered composition
of the seminal plasma that subsequently could alter the
sperm metabolism; or a combination of all of these. To
clarify this enigma we analyzed sperm motility in semen
and epididymal sperm samples. We found an altered motility
pattern in seminal sperm, as well as in epididymal sperm, re-
vealing that the abnormality observed in sperm motility is re-
sultant from a tamoxifen-induced testicular damage that then
produced abnormal sperm, direct sperm damage during its
maturation in the epididymis, or a combination of both. A
combination of these hypotheses seems to be the most suit-
able one to explain this finding because, besides the clearly
established toxic effects of tamoxifen on the testis (29, 32),
a direct toxic effect of tamoxifen on the sperm cell has
been reported recently (50). In this work, it was demon-
strated that tamoxifen altered the sperm mitochondrial mem-
brane potential, interfering with the function of protein
kinase C in sperm membranes, thereby altering transmem-
brane ionic movements (50). These impairments could be
responsible for the altered sperm motility observed in our
work.

Seminal plasma normally constitutes an enriched medium
for sperm survival, and it was reported previously that tamox-
ifen induced alterations in the prostate and seminal vesicles
(45, 46). Taking these into account, it could be speculated
that the sperm alterations originating in the testis possibly
could have worsened after ejaculation because of an altered
composition of the seminal plasma, resulting from an
Fertility and Sterility�
impaired function of the male accessory glands. This hypoth-
esis could be considered because of the abnormal copulatory
plugs observed in the tamoxifen-treated animals as compared
with the ones observed in control animals.

Other important findings of the present work are that the
sperm alterations observed in tamoxifen-treated animals un-
doubtedly altered the fertility status of these animals. Our re-
sults revealed that tamoxifen treatment decreased the fertility
index of treated animals and also caused an increase in the
number of abnormal embryos (sired by them) that did not
succeed in correct development and thus died and resorbed
before birth. The latter was evidenced by the increased levels
of preimplantation and postimplantation embryo loss ob-
served in females mated with tamoxifen-treated males. In ad-
dition, altered fetus size in the pups sired by tamoxifen-treated
males was also observed.

To explain the tamoxifen-induced negative effect on em-
bryo development, many hypotheses can be invoked. It has
been reported that embryonic transcripts appear at the late
two-cell stage in rats, that the paternal genome is the first
to be activated and treatment with tamoxifen would interfere
with the gene activation in the embryo, leading to a degener-
ating embryo and its posterior loss (30, 51). Another hypoth-
esis postulates that tamoxifen would alter the DNA structure
and integrity of the male germ cells during spermatogenesis,
thus causing a permanent defect in chromatin and leading to
the posterior degenerating embryo and its subsequent loss
(30). It is possible that the poor motility in the sperm from
tamoxifen-treated males observed in the present study could be
another cause for the increased embryo loss observed in the
females mated with tamoxifen-treated males. The injection
of poorly motile sperm cells in ovocytes in assisted reproduc-
tion protocols has demonstrated that the majority of cases end
in unsuccessful pregnancies and embryo loss (52). Another
hypothesis is that tamoxifen also could have interfered
with the physiologic actions of estrogens on the testicular
germ cells and/or on the Sertoli cells, thus affecting normal
spermatogenesis.

In conclusion, our results argue in favor of a deleterious
impact of tamoxifen on semen quality and also on the abil-
ity of the spermatozoa to achieve a successful pregnancy.
Although more data are needed to unveil the underlying
mechanisms, it could be speculated that these detrimental
effects are a result of impairment of the normal physiology
of estrogens in the male genital tract cells, thus altering the
normal spermatogenesis process through different mecha-
nisms. The results we present contradict the therapeutic
application of tamoxifen in clinical practice, something
that has not been studied and analyzed properly. More
data are needed to clearly identify the effects of tamoxifen
on male fertility.
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Toward gene therapy of endometriosis:
adenovirus-mediated delivery of dominant negative
estrogen receptor genes inhibits cell proliferation,
reduces cytokine production, and induces
apoptosis of endometriotic cells
Essam-Eldin R. Othman, M.D.,a,b Salama Salama, Ph.D.,b Nahed Ismail, Ph.D., M.D.,c

and Ayman Al-Hendy, Ph.D., M.D.b

a Department of Obstetrics and Gynecology, Assiut University, Assiut, Egypt; and b Department of Obstetrics and Gynecology
and c Department of Pathology, University of Texas Medical Branch, Galveston, Texas

Objective: To use dominant negative mutants of estrogen receptor genes delivered to endometriosis cells via an
adenovirus vector (Ad-DN-ER) to abrogate estrogen action on these cells.
Design: Experimental in vitro study.
Setting: University research laboratory.
Patient(s): Patients with ovarian endometriomas provided endometriotic cells, and patients with uterine prolapse
or subserous leiomyoma provided control endometrial cells.
Intervention(s): Transfection of endometriotic cells by dominant negative estrogen receptor genes via adenovirus
vector (Ad-DN-ER).
Main Outcome Measure(s): The main outcome measures were cellular proliferation, cytokine production, and
induction of apoptosis in endometriotic cells.
Result(s): Coxsackievirus-adenovirus receptor mRNA expression and adenovirus transduction efficiency were
significantly higher in endometriotic than normal endometrial cells. Ad-DN-ER–treated endometriotic cells, as
compared with control virus–treated cells, showed cell rounding and detachment (cell death), a 72% reduction in
the number of viable cells 5 days after transduction, significantly less production of monocyte chemotactic
protein-1 (7.8 � 0.5 vs. 152.8 � 1.9 pg/mL, respectively), vascular endothelial growth factor (356.2 � 11.6 vs.
997.3 � 16.5 pg/mL, respectively), and interleukin-6 (268.7 � 2.6 vs. 414.5 � 3.6 pg/mL, respectively), and a
significantly higher percentage of apoptotic cells (51.2 � 7.8 vs. 23.8 � 1.7, respectively).
Conclusion(s): An adenovirus can effectively transfect endometriotic cells in vitro. The DN-ER delivered to
endometriotic cells via an adenovirus decreases cell proliferation, induces apoptosis, and decreases cytokine
production. Adenovirus-mediated gene therapy may represent a potential therapeutic option for endometriosis in
the future. (Fertil Steril� 2007;88:462–71. ©2007 by American Society for Reproductive Medicine.)

Key Words: Endometriosis, adenovirus, gene therapy, dominant negative
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ndometriosis is the presence of endometrial tissue (glands
nd stroma) outside the uterine cavity (1). It is a chronic
ecurrent disease characterized by pelvic pain and infertility.
ndometriosis represents a common gynecological problem
ffecting 5% to 10% of reproductive-age women (2). Among
nfertile women, the prevalence of endometriosis is 20% to
0% (3), and up to 25% of patients with chronic pelvic pain
ave the disease (4).

Endometriosis imposes a substantial burden on affected
omen in terms of their general well-being, the amount of
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ork they miss, and the amount of money they spend on
xpensive therapies (5). The reported increased risk of ovar-
an, breast, and skin cancers (6) and possibly autoimmune
isease (7) in endometriosis patients further magnifies the
ealth complications associated with this disease.

Endometriosis is an estrogen (E)-dependent disease (8). It
evelops in women of reproductive age; it is never diag-
osed before menarche and eventually disappears after
enopause (9). The E receptor isoforms (� and �) are

xpressed in endometriosis tissues and cells (10). Aromatase
nzyme, which converts androgens to Es, was detected in
igher levels in endometriosis tissue than in normal
ndometrium (11).

Immune system alteration also plays a permissive role in
he development of endometriosis (12). The peritoneal en-
ironment of women with endometriosis contains a rich

ocktail of cytokines, angiogenic substances, and growth

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.046
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actors (13) that are produced mainly by the peritoneal immune
ells and endometriotic cells (14). These secretory peptides
ontrol recruitment of other immune cells into endometriotic
esions (15, 16), stimulate proliferation (17) and angiogenesis
18, 19) of endometriotic cells, and promote their adhesion to
he peritoneal surfaces (20). Furthermore, these cytokines are
mplicated in the pathogenesis of endometriosis-associated
elvic pain and infertility (21).

Current medical therapy of endometriosis aims at sup-
ressing ovulation with subsequent reduction in circulating
s to a postmenopausal level (22). However, the use of such

reatment is limited to a maximum of 6 months because
onger use is associated with severe side effects such as loss
f bone mineral density (23). Even with short-term use, there
s 4.9% loss in bone mineral density that was not completely
ecovered at the end of 1 year after stopping treatment (24).
ecause the patient is usually amenorrheic, fertility is pre-
luded during such hormone-suppressive treatment. Further,
recent systematic review found that medical therapy did

ot convey any benefit in the treatment of endometriosis-
ssociated infertility (25).

Any potential treatment modality that can block E action
ocally at the level of endometriosis cells but does not alter
ystemic E levels would be a welcome addition in the
rmamentarium against endometriosis because it would re-
ult in the management of the symptoms and lesions while
reserving fertility and preventing serious hypoestrogenic
ide effects.

Dominant negative mutants of E receptors (DN-ER) are
ltered ER forms that are unable to activate transcription of
responsive genes when estradiol binds to them. They have

he additional property of being able to suppress the tran-
criptional activity mediated by the wild-type E receptor
wild-type ER) when both are coexpressed in the same cells
26). Their possible mechanism of action is through the
ormation of heterodimers with the wild-type receptors mak-
ng them unable to bind to the E response element on the
NA or to activate gene transcription when bound to the E

esponse element (27). Effective delivery of such mutant
eceptor genes by a powerful system such as adenoviral
ectors was shown to be able to inactivate wild-type ER in
everal E-dependent conditions such as breast cancer (28),
ituitary lactotrope adenoma (29), and leiomyoma (30).

The objectives of this study were to test the ability of
denovirus to transfect endometriosis cells in vitro and to
xamine the effects of delivering DN-ER genes into endo-
etriosis cells via adenovirus on cell proliferation, cytokine

roduction, and apoptosis.

ATERIALS AND METHODS
ell Culture
ndometriotic cells were maintained at 37°C in 5% CO2/air

n Dulbecco modified Eagle’s medium with 10% fetal bo-

ine serum. Normal endometrial stromal cell cultures were C

ertility and Sterility�
stablished from the endometrial lining of hysterectomy
pecimens performed for benign gynecologic indications.
ll human tissue samples were collected under a protocol

pproved by the institutional review board at the University
f Texas Medical Branch at Galveston.

oxsackievirus–Adenovirus Receptor mRNA Expression in
ndometrial and Endometriotic Cells
oxsackievirus–adenovirus receptors (CAR) are the main

eceptor of adenovirus cell entry (31). They have been de-
ected on various cell types (32), but their presence has not
een tested in the human female reproductive tract. The
AR mRNA expression in endometrial and endometriotic
ells was analyzed by reverse transcription-polymerase
hain reaction (RT-PCR). Total RNA was isolated from
ndometriotic and endometrial cells using a RNeasy Mini
it (Quiagen, Valencia, CA). We used the ImProm-II Re-
erse Transcription System (Promega, Madison, WI).

After binding to random hexamers, the RNA was reverse
ranscribed using a thermal cycler for 25 minutes at 25°C, 60
inutes at 42°C, and 5 minutes at 95°C. The resulting

DNAs were amplified with TaqMan polymerase enzyme
Sigma-Aldrich, St. Louis, MO) using 30 PCR cycles (de-
aturation for 3 seconds at 95°C, annealing for 60 seconds at
0°C, and extension for 60 seconds at 72°C) in the presence
f CAR-specific oligonucleotide primers at the 5= end
AGCCTTCAGGTG CGAG ATGTTACG) and at the 3= end
TACGACAGCAAAAGATGATAAGAC) of the CAR
DNA. The PCR was also performed with glyceraldehyde-
-phosphate dehydrogenase-specific primers as internal
ontrol.

ecombinant Adenovirus
he adenovirus vectors expressing the DN-ER mutant ER1-
36 (Ad-DN-ER) under cytomegalovirus promoter or bacte-
ial �-galactosidase gene (Ad-Lac Z), used as a marker gene,
as been described before (29). Large-scale production of
d-DN-ER and Ad-Lac Z was performed as we described
efore (33), with a typical patch yield of 2 � 1010 plaque-
orming units (PFU)/mL.

-Bromo-4-Chloro-3-Indoyl-�-D-Pyranoside Staining of
ndometriotic and Endometrial Cells
ndometriotic and endometrial cells were plated in six-well
lates at a density of 25,000 cells per well. At 60% conflu-
ncy, cells were incubated with Ad-Lac Z at different mul-
iplicities of infection (MOI; 5, 10, and 50 PFU/cell) for 5
ours in serum-free medium with gentle shaking at 37°C;
hen cells were kept in regular medium for 48 hours to allow
xpression of the �-galactosidase gene. Cells were fixed with
lutaraldehyde–formaldehyde fixative for 10 minutes, fol-
owed by staining with 5-bromo-4-chloro-3-indoyl-�-D-
yranoside (X-gal) staining solution (Stratagene, La Jolla,

A) for 15 minutes at 37°C and then analyzed under the
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icroscope for the detection of blue nuclear staining (posi-
ive X-gal staining).

alculation of the Transduction Efficiency
e used an epifluorescent microscope (Nikon TE 200, Ni-

on Instruments, Melville, NY) with a Roper Scientific
oolsnap H Q monochrome digital camera (Tucson, AZ) to

mage the cells after Ad-Lac Z treatment and X-gal staining.
en fields per well were photographed, and cells were
ounted using the automated features of the software Meta
orph (Molecular Devices, Downington, PA). The average

atio of X-gal–positive cells to total cell number in the well
as calculated.

ell Proliferation Assays
ndometriotic cells were grown in 12-well Corning plastic
ell culture dishes (Sigma-Aldrich, St. Louis, MO) at 10,000
ells per well in Dulbecco modified Eagle’s medium supple-
ented with 10% fetal bovine serum for 24 hours. Cells
ere then incubated with Ad-DN-ER, or Ad-Lac Z as a

ontrol, at different MOIs of 10, 50, and 100 PFU/cell for 5
ours in transfection medium containing 2% fetal bovine
erum with continuous gentle shaking. Cells were then
insed with phosphate-buffered saline and fed regular me-
ium. A third group of untreated endometriotic cells was
sed as an additional control group.

The numbers of viable cells were assessed at different
ime periods after transfection using a fluorometric assay,
mplementing Hoechst 33258 (bisbenzimide), as we de-
cribed previously (30). Briefly, at the assigned time points,
ells were lysed and DNA content was determined using
oechst dye solution (10 �L/100 mL distilled H2O). Fluo-

escence was measured (DyNA Quant 200, Hoefer Pharma-
ia Biotech, San Francisco, CA) after excitation at 365 nm
nd fluorescence at 458 nm.

ytokine Measurement
ndometriosis cells were plated and transfected with the

ndicated virus (Ad-DN-ER or Ad-Lac Z) at an MOI of 50
FU/cell. On the third posttransfection day, culture media of
ells in both groups were sampled and analyzed for mono-
yte chemotactic protein-1 (MCP-1), vascular endothelial
rowth factor (VEGF), interleukin-6 (IL-6), IL-8, granulo-
yte macrophage-colony stimulating factor (GM-CSF), tu-
or necrosis factor-� (TNF�), and IL-10 using the Bio-Plex

rotein array system (Bio-Rad, Hercules, CA). The detection
ange of the assay is 5 pg/mL to 32,000 pg/mL using color-
oded microspheres, which allows for the simultaneous de-
ection of several cytokines in the same sample.

Briefly, the samples were incubated sequentially with
ytokine-specific antibody-coated beads, biotinylated cytokine-
pecific detection antibodies, and finally with streptavidin–
hycoerythrin. Samples were analyzed by the flow cytometry–

ased Bio-Plex suspension array system. Cytokine a

464 Othman et al. Gene therapy of endometriosis
oncentrations are automatically calculated by Bio-Plex
anager software (MetaMorph 6.1, 2003). The measured

oncentration of each cytokine in different samples was
ormalized to total protein concentration in the culture
edium.

eoxynucleotidyl Transferase-Mediated dUTP Nick-End
abeling Assay
or the deoxynucleotidyl transferase (TdT)-mediated 2=-de-
xyuridine 5=-triphosphate (dUTP) nick-end labeling
TUNEL) assay, endometriotic cells were grown in BD
alcon chamber slides coated with collagen I, fibronectin,
nd poly-D-lysine (BD Biosciences, Bedford, MA). Cells
ere infected with either Ad-DN-ER or Ad-Lac Z at an MOI
f 50 PFU/cell, as described above. After 48 hours, cells
ere fixed and then treated with ProteaseXXIV (BioGenex,
an Ramon, CA) for 2 minutes at room temperature, fol-

owed by postfixation.

A DNase TdT-FragEL DNA Fragmentation Detection Kit
Calbiochem, San Diego, CA) was used to detect the DNA
reaks in apoptotic nuclei. A positive control slide was
retreated with RQ1 RNase-Free DNase I (Promega, Madi-
on, WI) before detection, and terminal TdT was omitted
uring labeling on the negative control slides. Slides were
ounter-stained with Mayer Modified Hematoxylin (Poly
cientific, Bay Shore, NY) before they were mounted, were
iewed under an Olympus BX51 microscope, and the images
ere recorded by a DP70 digital camera (Olympus Optical
o Ltd, Tokyo, Japan).

tatistical Analysis
ll assays were performed in triplicate. The results were

xpressed as mean � SEM. Statistical analysis was deter-
ined by the two-tailed Student’s t test. Significance was

eached when P�.05.

ESULTS
AR mRNA Expression by Human Endometriotic Cells
he ability of adenovirus to transfect human endometriotic
ells has not been reported before. Because CAR represents
he main port of entry for adenovirus to transfect cells (31),
e first assessed the expression of these receptors in endo-
etriosis and normal human endometrial cells. Using RT-
CR, normal endometrial cells expressed a positive band of
42 bp size equivalents to CAR mRNA (Fig. 1A). Using the
ame RNA concentration template (250 �g/�L), endometri-
tic cells expressed higher levels of the CAR mRNA as
ompared with normal endometrial cells (Fig. 1A).

denovirus Effectively Transfects Human
ndometriotic Cells
he ability of the Ad-Lac Z to infect human endometriotic

nd endometrial cell monolayers was assessed. Endometri-

Vol. 88, No. 2, August 2007
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tic cells were successfully transduced with Ad-Lac Z (Fig.
), achieving a transduction efficiency of 80% at an MOI of
0 PFU/cell. On the other hand, normal endometrial cells
chieved a transduction efficiency of only 28% at the same
OI (Table 1). The difference was statistically significant

P�.05). This shows that adenovirus has a greater natural
ropism toward endometriotic than normal endometrial cells
n vitro.

FIGURE 1

Coxsackievirus-adenovirus receptor mRNA
expression by endometriosis and endometrial
cells. (A): Reverse transcription-polymerase chain
reaction amplification of CAR mRNA expression by
normal endometrial cells (lanes 1 to 5) or
endometriotic cells (lanes 6 to 10). Using the same
RNA template concentration (250 �g/�L),
endometriotic cells expressed higher levels of the
CAR mRNA as compared with normal endometrial
cells. The expressed band is at the expected size
of 342 bp in both cell types. (B): Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) mRNA
expression by endometrial and endometriotic cells
as internal control.

Othman. Gene therapy of endometriosis. Fertil Steril 2007.

FIGURE 2

(A): Endometriotic cells. (B): Endometrial cells. Transf
by adenovirus. Endometriotic and endometrial cells a
infection of 50 PFU/ cell followed by staining with X-
positive blue nuclear staining. The endometrial cells w
positive staining.
Othman. Gene therapy of endometriosis. Fertil Steril 2007.

ertility and Sterility�
N-ER Mutant ER1-536 Kills Endometriotic Cells In Vitro
tarting on day 3 after infection, Ad-DN-ER–treated endo-
etriotic cells started to show pathological changes in the

orm of rounding, enlargement of nuclei, and finally cellular
etachment indicative of cellular death, whereas the two
ontrol groups used in this experiment (Ad-Lac Z–treated
nd untreated cells) continued to grow without any visible
athological changes (Fig. 3).

N-ER Mutant ER1-536 Inhibits Endometriotic
ell Proliferation
fter a brief initial increase in cell numbers, endometriotic

ells treated with Ad-DN-ER at an MOI of 50 PFU/cell
tarted to show a time-dependent reduction in the number of
iable cells on the cell proliferation assay (Fig. 4). This

bility of human endometriotic and endometrial cells
ransfected with Ad-Lac Z at a multiplicity of
Nearly all of the endometriotic cells showed
highly confluent, with only a few cells showing the

TABLE 1
Transduction efficiency of endometriotic and
endometrial cells with Ad-Lac Z.

MOI
(PFU/cell)

Endometriotic
cells (%)

Endometrial
cells (%)

P
value

5 18 2 �.05
10 38 3 �.05
50 80 28 �.05
Note: At all MOIs used, endometriosis cells achieved

significantly higher transduction efficiency than nor-
mal endometrial cells. Near-optimal transduction of
endometriosis cells occurred at an MOI of 50
PFU/cell.

Othman. Gene therapy of endometriosis. Fertil Steril 2007.
ecta
re t
gal.
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ffect reached a maximum of a 72% decrease in the cell
umber as compared with the Ad-Lac Z–treated group on the
fth day after transfection day (Fig. 4). The difference was
tatistically significant (P�.05). This suggests that the ex-
ression of the DN-ER in endometriosis cells arrested their
roliferation and induced cell death.

N-ER Mutant ER1-536 Decreases Cytokine Production by
ndometriotic Cells
he concentration of a panel of cytokines (MCP-1, VEGF,

L-6, IL-8, IL-10, GM-CSF, and TNF�) was measured in the
ulture medium of endometriotic cells transfected with dif-
erent viruses. Figure 5 shows that Ad-DN-ER–treated en-
ometriotic cells, as compared with cells transfected with
d-Lac Z, secreted less MCP-1 (7.8 � 0.5 vs. 152.8 � 1.9
g/mL), VEGF (356.3 � 11.6 vs. 997.7 � 16.5 pg/mL), and
L-6 (268.7 � 2.6 vs. 414.5 � 3.6 pg/mL). This difference
s statistically significant for the three cytokines (P�.05).
he IL-8 concentration in the culture medium of Ad-DN-
R–transfected cells was marginally lower than in the Ad-
ac Z–treated group; however, the difference did not reach

FIGURE 3

Morphology of endometriotic cells after transfection w
days after transfection with Ad-DN-ER at an MOI of 5
and cellular detachment. (B): Endometriotic cells 3 da
PFU/cell. (C): Control endometriotic cells not transfec
actively growing with no visible pathological changes

Othman. Gene therapy of endometriosis. Fertil Steril 2007.
tatistical significance. The concentration of GM-CSF, IL- f

466 Othman et al. Gene therapy of endometriosis
0, and TNF� in the culture medium of both groups was
elow the detection limit of our assay.

N-ER Mutant ER1-536 Induces Apoptosis in
ndometriosis Cells

TUNEL assay was performed to assess the induction of
poptosis in Ad-DN-ER–treated endometriosis cells as com-
ared with control cells (Fig. 6). The percentage of apoptotic
ells in Ad-DN-ER–treated endometriosis cells is signifi-
antly higher than that of the Ad-Lac Z–treated or untreated
ontrol endometriosis cells (51.2 � 7.6 vs. 23.8 � 1.7 and
1 � 2.4, respectively; P�.05; Fig. 7).

ISCUSSION
edical therapy of endometriosis relies largely on the E

ependency of this disease (34); however, because of the
erious side effects and the interference with conception,
uch medications are approved by the US Food and Drug
dministration for short-term use only. Also, among women

reated surgically for endometriosis, about one-third suffer

different types of viruses. (A): Endometriotic cells 3
FU/cell. The cells show rounding, irregular outlines,
after transfection with Ad-Lac Z at an MOI of 50
with any virus. Cells in B and C are healthy and
ith
0 P
ys
ted
.

rom recurrence within 3 years of their first surgery (35, 36).
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eemingly, an ultimate treatment for women with endome-
riosis that will alleviate chronic pelvic pain and preserve
ertility potential is still lacking.

In this study, we proved for the first time that human
ndometriotic cells can be efficiently transfected with ade-
ovirus in vitro. Also, we successfully used a replication-
eficient adenovirus vector for delivering DN-ER genes to
ndometriosis cells to arrest proliferation, induce apoptosis,
nd suppress various cytokine production. This is a poten-
ially novel treatment approach for human endometriosis. It
onveys the advantage of blocking estrogenic action in situ
t the level of endometriosis cells through functional inacti-
ation of ERs without affecting systemic E secretion or
ignaling; thus, this potential treatment possibly could avoid
erious side effects such as osteoporosis and also preserve
ertility potential.

The DN-ERs are produced by site-directed mutagenesis of
he wild-type ER gene. There are several variants of these
utants described in the literature: pinpoint mutant (L540Q),

rame-shift mutant (S554fs), and the truncated receptor
ER1-536) that is missing the last 59 amino acids of the
eceptor protein, which is the one we used in this study (26).

FIGURE 4

Cell proliferation assay of endometriotic cells
treated by different viruses. Endometriotic cells
treated with Ad-DN-ER, at an MOI of 50 PFU/cell,
showed an initial brief increase in cell numbers
followed by a progressive decrease in cell
numbers over time. Cells treated with Ad-Lac Z at
the same MOI and untreated cells continued to
proliferate exponentially. *P�.05 compared with
controls.

Othman. Gene therapy of endometriosis. Fertil Steril 2007.
n agreement with our results on endometriosis, these mu-

ertility and Sterility�
ants have been successfully used for the functional inacti-
ation of ERs in different E-responsive tissues and diseases.
denovirus-mediated expression of Ad-DN-ER mutant

S554fs) abolished E-stimulated proliferation of breast can-
er cells (27, 28) and reduced the size of tumors formed in
ude mice (28). More recently, this approach was extended
o benign conditions.

Lee et al. (29) reported a decreased rat pituitary lactotropes
ell proliferation using the truncated receptor gene (ER1-536)
elivered by adenovirus, and Al-Hendy et al. (30) used a similar
R mutant delivered by a replication-incompetent adenovirus

o induce apoptosis of human leiomyoma cells in vitro and to
hrink fibroid tumors formed in nude mice. Also, rat and
uman leiomyoma cells showed decreased proliferation
hen transfected by adenovirus-expressing thymidine kinase

ollowed by ganciclovir treatment (37).

The peritoneal environment of women with endometriosis
ontains an increased number of activated immune cells (38,
9), which, together with the endometriotic cells themselves,
ecrete a lot of cytokines and growth factors that support the
evelopment of endometriosis lesions (14, 40). An important
hemoattractant to macrophages and lymphocytes is MCP-1,

FIGURE 5

Effect of Ad-DN-ER on cytokine production by
endometriotic cells. Significantly less MCP-1,
VEGF, and IL-6 quantities were secreted by
Ad-DN-ER–treated endometriosis cells than Ad-
Lac Z–treated cells. Both viruses were used at an
MOI of 50 PFU/cell. Measurements were
conducted on cell culture media samples collected
on the third day after virus transfection. *P�.05
compared with controls.
Othman. Gene therapy of endometriosis. Fertil Steril 2007.
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hich is elevated in the peritoneal fluid of endometriosis
atients (15). In 2000, Akoum et al. (60) showed that MCP-1
s secreted by endometriotic stromal cells and is upregulated
n these cells at mRNA and protein levels by the synergistic
ffect of IL-1� and estradiol. We showed similar results with
ecreased production of MCP-1 protein by endometriotic
tromal cells when their ER function was disrupted by trans-
ection with Ad-DN-ER.

Vascular endothelial growth factor is involved in
ndometriosis-associated angiogenesis (41). Its level in the
eritoneal fluid of endometriosis patients correlates with
he disease stage (42). Also, VEGF content is higher in the
utopic endometrium of endometriosis patients than in con-
rol endometrium (41). Interleukin-6 is a pleiotropic cytokine
ith differentiative and proliferative effects on immune

ells. It is elevated in the serum (43) and peritoneal fluid (44)
f endometriosis patients, and its levels correlate with the
isease severity.

Both VEGF and IL-6 are secreted by the stromal cells of
utopic endometrium (45, 46) and endometriotic tissues (47,

FIGURE 6

A TUNEL assay to test the effect of Ad-DN-ER on in
ER–treated cells. Most of the cells are positive for ap
(both viruses were used at a multiplicity of infection o
virus added). Most cells in B and C are negative for
counterstain.

Othman. Gene therapy of endometriosis. Fertil Steril 2007.
8). In the endometrium, secretion of both VEGF and IL-6 is t

468 Othman et al. Gene therapy of endometriosis
pregulated by proinflammatory cytokines and estradiol (46,
9). In endometriotic tissues, the secretion of these cytokines is
timulated by IL-1� and TNF� (50, 51), but the role of estradiol
s not clearly established (52). In our study, we showed that
ecretion of VEGF and IL-6 by endometriotic stromal cells is
ignificantly reduced after Ad-DN-ER treatment, indicating a
ignificant role for estradiol in the regulation of secretion of
hese cytokines in endometriotic stromal cells in vitro.

The ability of the Ad-DN-ER to decrease the proinflam-
atory and angiogenic cytokine secretion by endometriotic

ells represents an important therapeutic advantage because
hese cytokines play an important role in the development
nd progression of endometriosis (13, 20, 40). Additionally,
hese cytokines are profoundly implicated in endometriosis-
ssociated infertility and pelvic pain (14, 21). Thus, appar-
ntly the Ad-DN-ER gene therapy approach will have a dual
blative effect on endometriotic lesions by inducing apopto-
is and abolishing the ability of endometriotic cells to secrete
everal bioactive cytokines.

Aromatase enzyme is overexpressed locally in endome-

ion of apoptosis in endometriotic cells. (A): Ad-DN-
sis (brown nuclei). (B): Ad-Lac Z–treated cells
PFU/cell). (C): Cells treated with medium only (no
tosis (blue nuclei) and are stained with hematoxylin
duct
opto
f 50

apop
riosis tissue (11, 53), thus creating a highly estrogenic
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icroenvironment within the endometriosis tissue itself.
he GnRH agonists inhibit ovarian E production (54), but

ocal aromatase activity and E production in the endome-
riosis tissue are not suppressed. This may explain why
ndometriosis-associated pain does not respond to GnRH
gonist treatment in many cases despite adequate suppres-
ion of circulating E levels (55).

Although adding aromatase inhibitors to GnRH agonists
n the treatment of premenopausal women with endometri-
sis will suppress endometriotic tissue aromatase activity
nd should abrogate this problem, bone mineral density loss
ill be unacceptably increased (56). Adenovirus-mediated
elivery of DN-ER to endometriotic cells functionally strips
Rs off these cells, making them unresponsive to estrogenic
ction irrespective of its source, including serum circulating
varian-secreted E or E produced locally within the tissue by
romatase action.

We could locate only one study in the literature that has
nvestigated gene therapy of endometriosis (57). In that
tudy, a mouse model of endometriosis was produced by
njecting mouse endometrial tissue fragments taken from
onor mice into the peritoneal cavity of recipient mice.
ndometriosis lesions were eradicated in these mice by

ransient overexpression of angiostatin gene, a natural an-

FIGURE 7

Effect of Ad-DN-ER on the induction of apoptosis in
human endometriotic cells. The Ad-DN-ER–treated
endometriosis cells (at an MOI of 50 PFU/cell)
showed a higher percentage of apoptotic cells than
the two control groups as detected by TUNEL
assay. *P�.05.

Othman. Gene therapy of endometriosis. Fertil Steril 2007.
iogenesis inhibitor, delivered to the mouse peritoneal cavity

ertility and Sterility�
y adenovirus vector. However, we believe that blocking
strogenic action in endometriotic cells presents an upstream
entral checkpoint under which most other pathophysiolog-
cal processes, including angiogenesis, in endometriosis are
nhibited (58). Indeed in our study, the significant suppres-
ion of the production of important angiogenic factors,
EGF, by Ad-DN-ER treatment of endometriotic cells in-
icates that suppression of angiogenesis is one of the mech-
nisms by which Ad-DN-ER will be effective as a potential
herapy for endometriosis.

Because peritoneal endometriosis is typically confined,
ne can envision freely administering the Ad-DN-ER in the
eritoneal cavity either as an office procedure through trans-
aginal ultrasound-guided culdocentesis or as an augmenta-
ion step after laparoscopic ablation of visible endometriosis.
he confined nature of this disease to the peritoneal cavity
akes it a suitable candidate for adenovirus gene therapy

rotocols. In mouse models, intraperitoneal administration
f adenovirus-mediated gene therapy was successfully used
n endometriosis (57) and ovarian cancer (33). In such a
cenario, it will be important to develop a targeting strategy
o improve the delivery of the administered therapeutic virus
o the endometriotic lesions and to minimize potential tox-
city to other intraperitoneal organs. The high content of
AR mRNA detected in endometriosis cells and the high

ransduction efficiency of these cells by adenovirus reported
ere indicates an increased natural tropism of this adenovirus
oward endometriosis cells.

One way to specifically target the adenovirus toward a
articular type of tissue is to use tissue-specific promoters
hat will permit expression of the therapeutic gene only in
he targeted pathological lesions (59). In this study, we used
ecombinant adenovirus vector expressing the mutant gene
1-536 under cytomegalovirus promoter, which is a ubiqui-

ously expressed promoter in most cells and tissues. Cur-
ently, work in our laboratory is underway to identify and
est an array of different promoters to find the one that can
rovide the best transcriptional targeting to endometriosis
ells.

In conclusion, we proved that the adenovirus can transfect
uman endometriosis cells in vitro. The DN-ERs delivered
o endometriosis cells via adenovirus decreased cellular pro-
iferation, induced apoptosis, and suppressed cytokine pro-
uction by these cells. Adenovirus-mediated delivery of
N-ER to endometriosis cells can be a potential therapeutic
ption for endometriosis in the future.

cknowledgments: The authors thank Drs. Serdar Bulun and Erkut Attar,
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Effect of implanted Cu/low-density polyethylene
nanocomposite on the morphology of endometrium in
the mouse
Xianping Xia, Ph.D.,a Changsheng Xie, Ph.D.,a Changhong Zhu, M.D,b Shuizhou Cai, Ph.D.,a and
Xiangliang Yang, Ph.D.c

a Department of Materials Science and Engineering,b TongJi Medical College, and c Institute of Materia Medica, College of Life
Science and Technology, Huazhong University of Science and Technology, Wuhan, China

Objective: To investigate the damage of endometrium caused by the implanted Cu/low-density polyethylene
(LDPE) nanocomposite and the contraceptive effect of this novel copper-containing intrauterine device material.
Design: Experimental animal study.
Setting: TongJi Medical College of Huazhong University of Science and Technology.
Patient(s): Sixty healthy female mice.
Intervention(s): Twenty mice received no implants, 20 mice received the Cu/LDPE nanocomposite, and 20 mice
received bulk copper.
Main Outcome Measure(s): Morphologic features of the endometrium, contraceptive effect, and surface condition
of the implanted implants.
Result(s): The contraceptive effect of both the Cu/LDPE nanocomposite and bulk copper is 100%, the damage
of the endometrium caused by the Cu/LDPE nanocomposite is much less than that caused by bulk copper, and
the surface of the implanted Cu/LDPE nanocomposite is much smoother and much softer than that of the
implanted bulk copper.
Conclusion(s): The contraceptive effect of the Cu/LDPE nanocomposite is comparable with that of bulk copper,
and the damage of the endometrium caused by the Cu/LDPE nanocomposite is much less than that caused by bulk
copper. The endometrium injury is related to the surface condition of the implanted intrauterine device material.
(Fertil Steril� 2007;88:472–8. ©2007 by American Society for Reproductive Medicine.)

Key Words: Cu/LDPE nanocomposite, bulk copper, IUD, endometrium, contraception, mice
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he existing copper-containing intrauterine contraceptive
evices (Cu-IUDs), which are comprised of polyethylene
PE) or polypropylene (PP) and bulk copper, comprise one
f the most widely used methods of birth control, owing to
ts advantages long-lasting high efficacy, economy, safety,
nd reversibility (1–6). However, the side effects, such as
elvic pain, menorrhagia, intermenstrual bleeding, and so
n, of the existing Cu-IUDs have not been overcome yet in
linical use (7, 8). It is believed that these side effects are
elevant to the following deficiencies of the existing Cu-
UDs. First, the bulk copper, which is used in the form of
ires or sleeves, may be broken or fragmented after long-

erm corrosion in the uterus (9). Second, the release rate of
upric ions of the existing Cu-IUDs cannot be controlled;
specially in the first month, it is several times higher than
he average after this burst-release stage (10–12). It has been
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Copyright ©2007 American Society for Reproductive Medicine,
ound that the burst release of cupric ions is relevant to such
ide effects as menorrhagia of the existing Cu-IUDs (13); in
linical practice, Cu-IUDs have been used for management
f secondary amenorrhea (14). Third, the surface of the bulk
opper of the existing Cu-IUDs becomes coarser and coarser
ith increasing time in the uterine solution, owing to the

orrosion of copper (15). Finally, the corrosion products,
uch as Cu(OH)2 and CaCO3 are deposited on the surface of
he bulk copper (16, 17); such hard calcified deposit as
aCO will aggravate the damage of endometrium. It has
lready been found that the damage of the endometrium is
elated to the surface condition of the Cu-IUDs (18). To
liminate or lessen the side effects of the existing Cu-IUDs,
hese disadvantages of the existing Cu-IUDs should be
voided. Therefore, a novel Cu-IUD material, the copper/
ow-density polyethylene (Cu/LDPE) nanocomposite, has
een developed in our research.

It has not been determined whether this new Cu-IUDs
aterial has the effect we hoped for. Therefore, the influence

f the Cu/LDPE nanocomposite on the morphology of the
ndometrium of the mouse was investigated in the present
ork. For comparison, the influence of bulk copper was also
nvestigated in the same process.

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.122
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ATERIALS AND METHODS
nimals
he animal that was used in this study was approved by the

ocal ethics committee of the university hospital, and re-
earch was conducted in accordance with the recommenda-
ions outlined in the National Guidelines for Care and Use of
xperimental Animals. Sixty sexually mature, proven fertile,
ealthy female mice with body weights ranging from 200 to
20 g were used in this study. They were supplied by the
nimal test center of TongJi Medical College of Huazhong
niversity of Science and Technology.

aterials
se of the Cu/LDPE nanocomposite and the bulk copper that
ere used in this study were also approved by the institu-

ional review board of TongJi Medical College of Huazhong
niversity of Science and Technology.

The Cu/LDPE nanocomposite sample was formed by
ompounding the LDPE powders with 15.0 wt.% copper
anoparticles (nano-Cu) by using a melt-blending process in
single-screw extruder at a screw speed of about 15–20 rpm.
he temperature of the extruder was maintained at 145°C,
60°C, and 180°C from hopper to die, respectively. The
etails of LDPE and nano-Cu have been introduced in our
revious work (19). Briefly, the LDPE (melt index at 463°K/
.16 kg is 1.8–3.2 g/10 min) was bought from Qilu Petro-
hemical Corporation of China; the nano-Cu was prepared
ia our own patent techniques, i.e., hybrid induction and
aser heating evaporation condensation method (20). Its
ean diameter is about 50 nm and purity is over 99.9%.

The bulk copper sample was obtained from the existing
u-IUDs in the form of thread.

xperimental Procedures
he sixty healthy female mice were randomly assigned to

hree groups, each group including 20 mice. The first group
as used as a control group and nothing was implanted. The

econd group was used as the bulk copper–implanted group:
ne uterine horn of each mouse was implanted with bulk

opper and the opposite with nothing. The third group was
sed as the Cu/LDPE nanocomposite–implanted group. Sim-
larly, one uterine horn of each mouse was implanted with
u/LDPE nanocomposite and the opposite with nothing.
oth the bulk copper and the nanocomposite had the same

ize and the surface area, i.e., 4 mm2.

All of the mice were treated with the following process.
ach mouse was anesthetised using 0.4% pentobarbital so-
ium, and then aseptic laparotomy and hysterotomy fol-
owed. After nothing, bulk copper, or nanocomposite was
nserted into one uterine horn of every mouse, the incision
as sutured. The opposite uterine horn, where nothing was

nserted and which served as control, was also incised and

hen sutured. c

ertility and Sterility�
Thirty days after the mice regained their health, the mice
elonging to the second and third groups were allowed to
ohabit with male mice, and successful insemination was
ssessed from microscopic examination of vaginal swabs
uring the mating period. Sixty days after the treatment, one
ouse from the first group, two from the second, and two

rom the third were picked out randomly and their endome-
rial tissue samples were collected via aseptic laparotomy.

eanwhile, all of the other mice belonging to the second and
hird groups were killed via laparotomy and were used to
valuate the antifertility effect of the implanted bulk copper
nd the implanted Cu/LDPE nanocomposite.

Before dissection, those mice which were used for collec-
ion of endometrial tissue samples were anesthetized using
.4% pentobarbital sodium and then perfusion fixed (via an
njector inserted into the main artery) with perfusate, which
as prepared with 0.01 mol/L phosphate-buffered solution

the perfusate contained 3% paraformaldehyde, 0.5% glutar-
ldehyde, 1% sucrose, and 0.5% sodium azide). Tissue sam-
les (three samples from each mouse) were postfixed in
smium tetroxide and embedded in epoxy resin. Thin
70–80 nm) sections were cut and then stained with uranyl
cetate and lead citrate, respectively.

Using these sections of endometrial tissue samples, the
orphologic features of endomentrium were observed by

ransmission electron microscopy (TEM; Hitachi H-300, To-
yo, Japan).

The surface condition of the corroded bulk copper and the
orroded Cu/LDPE nanocomposite, which were taken out
rom the mice, were characterized by using scanning elec-
ron microscopy (SEM, 20 kV acceleration voltage) and
-ray energy-dispersive spectroscopy (EDS) (FEI Quanta
00, Eindhoven, The Netherlands) after cleaning with alco-
ol carefully. For comparison, the surface condition of the
riginal bulk copper and the original Cu/LDPE nanocom-
osite also were characterized using the same process and
he same equipment. For each kind of material, three sam-
les were used in this experiment.

ESULTS
ntifertility Effect
he antifertility effect was evaluated by the ratio of the
umber of the mice where no embryo was found in their
terine horns with implanted materials to the number of the
otal tested mice with implanted materials (20 mice for the
anocomposite and 20 mice for the bulk copper). About five
mbryos were found in the uterine horns of all mice which
id not have Cu/LDPE nanocomposite or bulk copper place-
ent, and no embryos were found in any mouse’s opposite

terine horn where either the Cu/LDPE nanocomposite or
he bulk copper was inserted. That is to say, the contracep-
ive effect of both the Cu/LDPE nanocomposite and the bulk

opper was 100%.
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As a novel Cu-IUD material, the Cu/LDPE nanocompos-
te has the same excellent antifertility effect as the bulk

FIGURE 1

Transmission electron microsope images of endomet
bulk copper–inserted mice, and (E, F) the Cu/LDPE n
collected tissue samples. It can be seen that the dam
copper is more serious than that caused by the Cu/L
the shape of a ripple might be caused by the manufa
compact contact (Fig. 2D1).

Xia. Cu/LDPE nanocomposite on endometrium. Fertil Steril 2007.
opper has. w
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orphology of Endometrium
he TEM images of endometrial ultrastructure for the mice

ultrastructure for (A, B) the control mice, (C, D) the
composite–inserted mice obtained from the
of the endometrium of mouse caused by the bulk
nanocomposite. The surface of the cavity (E) in

ing defect of the Cu/LDPE nanocomposite via the
rial
ano
age

DPE
ctur
ith and without the implants are presented in Figure 1.
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The ultrastructure of endometrium of the control group
ice which received no implants is shown in Figures 1A and

B. It can be seen that no obvious abnormity was found in
he morphology and structure of epithelia and that the junc-
ion of cells can be observed normally.

The ultrastructure of endometrium of the bulk copper–
mplanted group mice, which received the implanted bulk
opper for 60 days, is shown in Figures 1C and 1D. In Figure
C, it can be seen that the endoplasmic reticulum of epithe-
ial cells expanded obviously and the mitochondria swelled;
t also can be seen that the junction of cells disappeared, the
utline of cells obscured, the microvilli of epithelial cells
ecame shorter and larger, and some of the microvilli were
roken off. In Figure 1D, it can be seen that some of the cells
n the stroma have already been collapsed, the mitochondria
eformed seriously, and myofibril proliferated.

The ultrastructure of endometrium of the Cu/LDPE
anocomposite–implanted group mice, which received the
mplanted nanocomposite for 60 days, is shown in Figures
E and 1F. In Figure 1E, one can see that the microvilli of
pithelial cells became sparser and that the surface of
avity is in the shape of a ripple, which might be caused
y the nanocomposite’s manufacture defect, which is in
he same shape of the ripple by arrow F in the Figure 2D1,
ia the compact contact. In the mass, the structure of
ndometrial cells was close to normal. In Figure 1F, one
an see that the microvilli of endometrial epithelial cells
ecame shorter, larger, and sparser and that the endoplas-
ic reticulum in epithelial cells expanded slightly.

urface Characteristics of the Implanted Materials
he surface characteristics of the implanted materials were
haracterized by using SEM and EDS. The implanted mate-
ials include the original bulk copper, the corroded bulk
opper that was taken out from the uterus 60 days later, the
riginal Cu/LDPE nanocomposite, and the corroded Cu/
DPE nanocomposite that was taken out from the uterus 60
ays later. For each kind of material, three samples were
sed for characterization.

In the SEM images for the original bulk copper (Figs. 2A1
nd 2A2) and the corroded bulk copper (Figs. 2B1 and 2B2),
t can be seen that the surface of the corroded bulk copper
ecame much coarser than that of the original bulk copper
wing to the corrosion of copper in the uterine solution.

In the SEM images for the original Cu/LDPE nanocom-
osite (Figs. 2C1 and 2C2) and the corroded Cu/LDPE
anocomposite (Figs. 2D1 and 2D2), it can be seen that after
he copper nanoparticles inside the Cu/LDPE nanocomposite
ere corroded in the uterine solution of mice the surface of

he corroded Cu/LDPE nanocomposite is quite different
rom that of the corroded bulk copper and that it is also the
ame smoothness as that of the original Cu/LDPE nanocom-
osite. It has been investigated in our previous work that the

u/LDPE nanocomposite is a simple hybrid of copper nano- t

ertility and Sterility�
articles and pure LDPE (19); almost all of the copper
anoparticles were enveloped by the LDPE. After the copper
anoparticles inside the nanocomposite were corroded in the
terine solution, the outer layer of the nanocomposite is still
he LDPE. Therefore, the corrosion of the copper nanopar-
icles has little effect on the surface condition of the Cu/
DPE nanocomposite.

In the EDS images for the original bulk copper (Fig. 3A)
nd the corroded bulk copper (Fig. 3C), it can be seen that
lements of Cu, C, O, and S were found in the surface of the
orroded bulk copper, indicating that except for some tissue
f the mice deposited on the surface of the corroded bulk
opper, copper and its oxides are the main component of the
uter layer. It also can be seen that no element information
f Ca was observed in the surface of the corroded bulk
opper; indicating that CaCO3, which was observed by other
esearchers (16), had not formed yet in the present study
ecause the incubated time was not long enough. In the EDS
mages for the original Cu/LDPE nanocomposite (Fig. 3B)
nd the corroded Cu/LDPE nanocomposite (Fig. 3D), it can
e seen that only elements of Cu and C have been found in
he surface of either of the original Cu/LDPE nanocomposite
nd the corroded Cu/LDPE nanocomposite. It also can be
een that the element information of Cu in the surface of the
orroded Cu/LDPE nanocomposite is very weak, indicating
hat LDPE is the main component of the outer layer of the
orroded Cu/LDPE nanocomposite.

ISCUSSION
o eliminate or lessen the side effects, such as pelvic pain,
enorrhagia, intermenstrual bleeding, and so on, of existing
u-IUDs, a novel Cu-IUD material, the Cu/LDPE nanocom-
osite, has been developed in our research.

From the antifertility data of experimental mice, it can be
een that the contraceptive effect of both the Cu/LDPE
anocomposite and the bulk copper is 100%. It has been
ocumented that the copper nanoparticles inside the Cu/
DPE nanocomposite will corrode in simulated uterine so-

ution and release cupric ions (21); the cupric ions released
rom the Cu-IUDs in the uterus can enhance its contraceptive
ffect (22). Therefore, the antifertility effect of the Cu/LDPE
anocomposite is as excellent as that of the bulk copper.

From the morphologic features of endometrium of the
ouse obtained from those collected tissue samples, a con-

lusion can be drawn that the damage of the endometrium of
he mouse caused by the Cu/LDPE nanocomposite is much
ess than that caused by bulk copper.

Among the various factors that can do damage to the
ndometrium of mouse, the surface condition of the Cu-IUD
aterial may be another important factor except for the

nfluence of the release rate of cupric ions.

On one hand, the corroded Cu/LDPE nanocomposite has

he same smooth surface as the original nanocomposite, but
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FIGURE 2

Scanning electron microsope images for (A1, A2) the original bulk copper, (B1, B2) the corroded bulk
copper, (C1, C2) the original Cu/LDPE nanocomposite, and (D1, D2) the corroded Cu/LDPE nanocomposite.
It can be seen that the surface of the corroded bulk copper became much coarser than that of the original
bulk copper, and the surface of the corroded Cu/LDPE nanocomposite is almost as smooth as that of the
original Cu/LDPE nanocomposite. It can be seen also that there are some manufacturing defects in the
shape of the ripple on the surface of Cu/LDPE nanocomposite, as arrow F shows in D1.
Xia. Cu/LDPE nanocomposite on endometrium. Fertil Steril 2007.
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he corroded bulk copper has a much coarser surface than the
riginal bulk copper or the corroded Cu/LDPE nanocompos-
te. On the other hand, the corroded Cu/LDPE nanocompos-
te can keep its surface clean, but the corroded bulk copper
annot, and the stiff corrosion products, such as cupric oxide,
ould adhere to the surface of the corroded bulk copper. The

riction in the interface between the implanted Cu-IUD ma-
erial and the endometrium would do damage to the endo-
etrium. The coarser and stiffer the surface of implanted
u-IUD material is, the larger the damage of the endome-

rium. Compared with the corroded bulk copper, the surface
f the corroded Cu/LDPE nanocomposite is much smoother,
uch softer, and much cleaner. Therefore, the damage

aused by the implanted Cu/LDPE nanocomposite is much

FIGURE 3

X-ray energy-dispersive spectroscope images for (A)
nanocomposite, (C) the corroded bulk copper, and (D
seen that, compared with its original materials, some
the corroded bulk copper and no other elements wer
nanocomposite.

Xia. Cu/LDPE nanocomposite on endometrium. Fertil Steril 2007.
ess than that caused by the implanted bulk copper. i

ertility and Sterility�
In conclusion, as a novel Cu-IUD material, the Cu/LDPE
anocomposite has the same excellent contraceptive effect as
he existing Cu-IUD material has. More importantly, the Cu/
DPE nanocomposite and bulk copper have different influ-
nces on the morphology of endometrium of the mouse. The
amage of the endometrium of the mouse caused by the Cu/
DPE nanocomposite is much less than that caused by the bulk
opper; the damage to the endometrium is related closely to the
urface condition of the implanted IUD materials.

Certainly, the number of observations in the present work
s very limited and further research is needed to confirm
hese preliminary results and to draw conclusions with
reater reliability for the mouse model. In addition, further

original bulk copper, (B) the original Cu/LDPE
e corroded Cu/LDPE nanocomposite. It can be
ue of the mouse were deposited on the surface of
und on the surface of the corroded Cu/LDPE
the
) th
tiss
e fo
nvestigations have to be done in adequate clinical trials to
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est the impact of this novel material on human endome-
rium, and whether there is any reduction of side effects.
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Clinical outcome of cystectomy compared with
unilateral salpingo-oophorectomy as fertility-sparing
treatment of borderline ovarian tumors
Yoav Yinon, M.D., Mario E. Beiner, M.D., Walter H. Gotlieb, M.D., Ph.D., Yaacov Korach, M.D.,
Tamar Perri, M.D., and Gilad Ben-Baruch, M.D.

Division of Gynecological Oncology, Department of Obstetrics and Gynecology, The Chaim Sheba Medical Center, Tel-
Hashomer, Tel-Aviv University, Israel

Objective: To compare recurrence rates and fertility outcomes of patients with borderline ovarian tumors (BOTs)
who underwent unilateral salpingo-oophorectomy with those of patients who underwent cystectomy only.
Design: Retrospective study.
Setting: Gynecologic oncology department of a tertiary center.
Patient(s): Sixty-two patients with BOTs who underwent fertility-preserving surgery.
Intervention(s): Unilateral salpingo-oophorectomy (USO, n � 40) or cystectomy only (n � 22).
Main Outcome Measure(s): Tumor recurrence rate, incidence of pregnancy.
Result(s): All 62 patients were alive with no clinical evidence of disease after a mean follow-up of 88 months.
There was no statistically significant difference in mean tumor recurrence rates between patients who had
undergone cystectomy only and those who had undergone USO (22.7% and 27.5%, respectively). In the
cystectomy-treated group, the disease-free interval was shortened (23.6 compared with 41 mo), but the difference
was not significant. However, the mean follow-up period for the cystectomy group was significantly shorter than
for the USO group. Of the 62 patients, 25 (40.3%) attained 38 pregnancies, resulting in 35 deliveries.
Conclusion(s): Our results support previous findings that conservative surgery is an acceptable option for women
with BOTs who wish to preserve fertility. Cystectomy, like oophorectomy, appears to be an adequate treatment,
provided that the patient is willing to undergo careful and prolonged follow-up. (Fertil Steril� 2007;88:479–84. ©
2007 by American Society for Reproductive Medicine.)

Key Words: Borderline ovarian tumors, conservative treatment, fertility-preserving surgery
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orderline tumors of the ovary, also known as low–malignant
otential tumors, account for 10%�15% of all ovarian tu-
ors. Studies have consistently demonstrated the favorable

rognosis of these tumors, with an overall 10-year survival
ate of 83%�91% (1, 2). Although these tumors are usually
enign, they can present as a metastatic disease and can recur
s long as �10 years after the primary diagnosis. Recurrence
n the form of invasive carcinoma is rare (3).

Borderline ovarian tumors (BOTs) often occur in reproductive-
ge women. Because of their generally benign behavior, their
anagement has become more conservative, allowing
omen to maintain fertility (4–6). Fertility-preserving treat-
ents include procedures in which the uterus and at least

ome functional ovarian tissue remain, enabling pregnancy

eceived May 13, 2006; revised and accepted November 21, 2006.
eprint requests: Yoav Yinon, M.D., or Gilad Ben-Baruch, M.D., Depart-
ment of Obstetrics and Gynecology, The Chaim Sheba Medical Center,
52621 Tel-Hashomer, Israel (FAX: 972-3-530-2154; E-mail:
ryinony@barak-online.net or benbaruc@post.tau.ac.il)

015-0282/07/$32.00
oi:10.1016/j.fertnstert.2006.11.128 Copyright ©2007 American Soc
chievement even though the loss of a considerable part of
he oocyte reserve may reduce fertility (4, 7).

Previous studies have indicated the safety of conservative
urgery with unilateral salpingo-oophorectomy (USO) or
ystectomy for patients with stage I BOTs (8, 9). However,
nly limited data are available with regard to the clinical
utcome and fertility after cystectomy only. The aim of this
tudy was to compare the outcome of patients treated by
ystectomy only with that of patients treated by USO.

ATERIALS AND METHODS
his retrospective study was based on the collected data,

ncluding inpatient and outpatient records, surgical notes,
nd pathology reports, of all consecutive patients with BOTs
ho were treated in our center between 1979 and 2004

n � 158). Our study group comprised 62 patients who had
ndergone fertility-preserving surgery, defined as any pro-
edure in which the uterus and at least some ovarian tissue
ere left intact. Some of these patients were included in our
eports published elsewhere (6, 10).

479Fertility and Sterility� Vol. 88, No. 2, August 2007
iety for Reproductive Medicine, Published by Elsevier Inc.
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Two pathologists had reviewed all of the original histol-
gy slides and confirmed the diagnosis of BOT, defined as an
varian tumor with stratification of the epithelial lining,
ormation of microscopic papillary projections, presence
f nuclear atypia, and absence of frank stromal invasion
11, 12). Stage of disease had been defined according to the
988 International Federation of Gynecology and Obstetrics
riteria, based on surgical notes and pathology reports. Follow-
p had included physical examination, pelvic sonography, and
A-125 blood test every 3 months for 3 years after the opera-

ion and twice yearly thereafter. If a suspicious ovarian mass
as found, the patient had undergone another operation. The
ean tumor recurrence rate and mean incidence of pregnancy

n women who had undergone only cystectomy were compared
ith those in women who had undergone USO. Student’s t-test

nd the �2 test were used for statistical analysis of the results.
values of �.05 were considered significant.

The study was approved by the ethics committee of the
haim Sheba Medical Center.

ESULTS
f the 62 patients with BOTs who had undergone conser-
ative surgery, 33 had cystectomy and 29 had USO. The
ean age at diagnosis for the total group was 28 years (range

3�44). Tumors were serous in 38 cases (61.3%) and mu-
inous in 24 (38.7%). Two patients had a serous BOT with
icropapillary pattern. There was no significant difference

n the median size of the tumor between the patients who
nitially underwent cystectomy and patients who initially
nderwent USO (10 cm vs. 9 cm respectively, P�.77).

In 14 of the 29 patients in the USO group, the procedure
ad included surgical staging. In 2 of these patients, this was
erformed within 3 months after the primary surgery

FIGURE 1

Primary surgical procedure in women undergoing
fertility-sparing surgery for borderline ovarian tumor.
rYinon. Conservative treatment of borderline tumors. Fertil Steril 2007.

480 Yinon et al. Conservative treatment of borderline tumo
Fig. 1). Twelve of the patients in the cystectomy-only group
ad undergone reoperation within 3 months; of these, 9 had
ndergone USO and surgical staging, 2 had USO only, and
had surgical staging that did not include ovarian biopsy

Fig. 1). None of the reoperated patients demonstrated evi-
ence of persistent disease.

We defined the extent of surgical treatment on the basis of
oth the primary surgical procedure and reoperation within 3
onths after the primary surgery. Accordingly, the patients
ere divided into two groups. As shown in Table 1, there
ere 22 women in the cystectomy-only group and 40 in the
SO group. There were no differences between the two
roups in age at diagnosis or in the numbers of women
hose tumors were serous in nature. Twenty-one patients

95.4%) in the cystectomy group had apparent stage I dis-
ase, compared with 36 patients (90%) in the USO group
P�.46). The only surgically staged patient in the cystec-
omy group was found to have stage IIIa disease. Of the 25
atients in the USO group who were staged, one was diag-
osed with stage IIc disease and three with stage III disease
one with stage IIIb and two with stage IIIc).

Within a mean period of 36 months (range 7�81 mo), 16
25.8%) of the 62 women developed a local recurrence (Table 2).
he cystectomy-only group did not differ significantly from the
SO group with regard to the incidence of recurrence, nor in

he mean interval between diagnosis and recurrence. The mean
ollow-up period for the cystectomy group was significantly
horter than for the USO group (Table 2).

Comparison of the patients with serous tumors (17 women
n the cystectomy-only group and 21 in the USO group;
able 3) revealed no significant difference in their mean

TABLE 1
Characteristics of women undergoing
cystectomy or unilateral salpingo-
oophorectomy for borderline ovarian tumor.

Parameter

USO
(%)

(n � 40)

Cystectomy
only (%)
(n � 22)

P
value

Mean age (y) 28.5 27.1 .44
Histology

Serous, n (%) 21 (52.5) 17 (77) .056
Mucinous,

n (%)
19 (47.5) 5 (23) .056

Surgical staging,
n (%)

25 (63) 1 (5)

Apparent stage I,
n (%)

36 (90) 21 (95) .46

Note: All P values are statistically nonsignificant.

Yinon. Conservative treatment of borderline tumors. Fertil Steril 2007.
ecurrence rates. As shown, the mean interval between di-
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gnosis and recurrence in these patients was shorter, though
ot significantly, in the cystectomy-only group than in the
atients with USO. In the cystectomy-only group, six pa-
ients had undergone reoperation because of suspected local
ecurrence, and in five of them the diagnosis of recurrent
orderline tumor was confirmed. All of the recurrences in
his treatment group were in patients with serous ovarian
umors (four ipsilateral and one contralateral). Three of these
atients underwent salpingo-oophorectomy of the involved
vary, and two underwent a second cystectomy.

One patient in this group, after undergoing cystectomy
or recurrent tumor in the contralateral ovary, had a second
ecurrence in the contralateral ovary 3 years after the first
ecurrence. In view of her desire to preserve fertility, she
nderwent another cystectomy; 2 months later, however, in
iew of evidence of borderline tumor in the capsule of the
vary on final pathologic report, she opted to have the

TABLE 3
Clinical outcome of women undergoing cystecto

Parameter
USO (
(n � 2

Reoperation (%) 11 (52
Recurrence (%) 9 (43
Mean interval to recurrence, mo 46
No. of women pregnant 8
No. of pregnancies 11
No. of deliveries 8
Mean follow-up (mo) 96
Note: All P values are statistically not significant.

TABLE 2
Clinical outcome of women undergoing cystecto
borderline ovarian tumor.

Parameter
U
(

Reoperation (%) 1
Recurrence (%) 1
Mean interval to recurrence (range), mo 4
No. of women pregnant (%) 1
No. of pregnancies
No. of deliveries
Mean follow up (range), mo 10
Note: NS � not significant.
a Two after IVF treatment.
b Three after IVF treatment.

Yinon. Conservative treatment of borderline tumors. Fertil Steril 2007.
Yinon. Conservative treatment of borderline tumors. Fertil Steril 2007.

ertility and Sterility�
emaining ovary removed. Notably, all recurrences in this
roup were of borderline malignancy.

In the USO group, 15 patients had undergone reoperation
ecause of suspected local recurrence, and in 11 of them the
iagnosis was confirmed. Nine of the 11 recurrences were in
atients with serous tumors. Six of the 11 patients wished to
reserve fertility and underwent cystectomy, 2 patients un-
erwent salpingo-oophorectomy, and 3 patients underwent
alpingo-oophorectomy and hysterectomy. Pathologic find-
ngs were borderline in 10 patients, and in one patient
istopathological examination revealed endometrioid ovar-
an carcinoma. This patient initially underwent LSO� stag-
ng because of left mucinous BOT. Nine months later, she
as reoperated on because of a contralateral ovarian mass

nd underwent RSO. At this time, the histopathological
iagnosis was endometrioid ovarian carcinoma. She was
reated with chemotherapy and underwent total abdominal

or USO for serous borderline ovarian tumor.

Cystectomy (%)
(n � 17) P values

6 (35)
5 (29) .4
23.6 .12
5
7
7

80 .45

or unilateral salpingo-oophorectomy for

(%)
40)

Cystectomy (%)
(n � 22) P value

7.5) 6 (27)
7.5) 5 (22.7) .8 (NS)
�81) 23.6 (7�41) .2 (NS)
7.5) 6 (22.7)
b 7a

7
�30) 65 (6�180) .05
my

%)
1)

)
)

my

SO
n �

5 (3
1 (2
1 (9
9 (4

31
28

1 (6
481
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ysterectomy (TAH) a few months later because of endo-
etrial carcinoma. She is alive and free of disease 14 years

fter her initial diagnosis.

All patients with recurrences were alive and free of
isease at a mean follow-up of 69 months from diagnosis
f recurrence. After treatment of the borderline tumor, 38
regnancies were achieved in 25 women, resulting in 35
eliveries (Table 2). The mean time between operation
nd pregnancy was 42 months (range, 9�144 mo). In the
ystectomy-only group, six women had seven pregnancies
two of them achieved after IVF treatment), resulting in
even deliveries. In the USO group, 19 women had 31
regnancies (three achieved after IVF treatment), resulting in
8 deliveries.

One of these patients had been diagnosed with right-sided
OT during IVF treatments for unexplained infertility. Cys-

ectomy together with complete staging had disclosed stage
IIa serous BOT. After recurrence 6 months later, she had
ndergone another cystectomy. She subsequently conceived
y IVF, delivering her first child 18 months after the primary
urgery and another child after IVF treatment 2 years later.
our months after her second delivery, the left ovary devel-
ped a second recurrence, and she underwent USO. Cur-
ently (�2 y after the last recurrence), she shows no evi-
ence of disease.

ISCUSSION
atients with BOTs tend to be younger than women with

nvasive ovarian cancer (3, 8), and many of them wish to
reserve their fertility. The usual standard management has
raditionally been total hysterectomy with bilateral adnexec-
omy, but conservative treatment of borderline tumors is
eceiving increasing consideration as an acceptable option.
varian cystectomy may provide a better chance of preserv-

ng fertility than adnexectomy because in the former proce-
ure, less ovarian tissue is removed. The risk is that some
alignant cells inadvertently may be left behind. Although the

uestion of fertility-sparing surgery has been addressed in many
tudies, only limited published data are available on the safety
nd outcome of treatment by cystectomy only.

We compared the tumor recurrence rates and incidence of
regnancy in 22 women who had undergone only cystectomy
ith those in 40 women who had undergone USO. There was
o significant difference between the two groups in mean re-
urrence rates (22.7% and 27.5%, respectively; Table 2), and
his finding did not change when analyzed according to the
istological type of the tumor (serous tumors only; Table 3).
he time lapse between diagnosis and recurrence was shorter,

hough not significantly, in the cystectomy-only group than in
he USO group (23.6 and 41 mo, respectively).

Accumulating evidence indicates that unilateral oophorec-
omy provides a safe therapeutic alternative to BOTs in
omen wishing to preserve fertility (8, 9, 13). In a study of

39 women treated for BOTs, Zanetta et al. (14) reported t

482 Yinon et al. Conservative treatment of borderline tumo
hat despite a higher mean recurrence rate for women un-
ergoing fertility-preserving surgery (35/189 cases, 18.5%)
han for women undergoing hysterectomy and bilateral
alpingo-oophorectomy (7/150 cases, 4.7%), all but one
oman (in whom conservative surgery was followed by
rogression to carcinoma), were salvaged. Camatte et al.
15) reported recurrence in only 2/17 women with stage II or
tage III BOT treated with fertility-preserving surgery, with
o deaths at a median follow-up of 60 months.

In a recent study by Fauvet et al. (16), in which 162 of 360
omen with BOTs underwent conservative surgery, the
ean recurrence rate was significantly higher in the conser-

atively treated group than in the group who underwent
adical surgery (16.6% compared with 4.5%). However, in
o case did the carcinoma recur during the study period, and
one of the conservatively treated women died of the dis-
ase. A lower mean recurrence rate after conservative sur-
ery (6.5%) was recently reported, but it was still higher than
hat obtained after radical surgery (17). All of the above
tudies thus demonstrated that although conservative surgery
s associated with a higher incidence of recurrence, in most
ases surgical salvage is possible and therefore recurrence
oes not affect survival (4, 14–17).

The findings of the present study indicate that cystectomy,
ike oophorectomy, appears to be a satisfactory therapy in
omen who are willing to undergo careful and prolonged

ollow-up examination. We are aware of the fact that the lack
f difference in recurrence rates between our two groups
ay be attributable, at least in part, to the small sample size

nd the shorter follow-up period of the cystectomy group
ompared with those of the USO group (a discrepancy that
rises from the relatively recent introduction of cystectomy
s an acceptable treatment for BOT). Another limitation of
his study is the imbalance between the cystectomy-only and
he USO groups with regard to histology. However, when we
estricted our analysis to patients with serous tumors only,
imilar results were obtained.

Lim-Tan et al. (9) reported on a series of ovarian cystec-
omies for serous borderline tumors. Follow-up evaluations
f their 35 patients demonstrated that despite four cases of
umor recurrence, all of the women were alive and evidently
ree of disease 3 to 18 years after the initial surgery. How-
ver, within weeks to months after the initial procedure,
any of these patients had undergone extension of their

urgical treatment and therefore did not fit our definition of
ystectomy-only treatment (Table 4). In a prospective
ynaecologic Oncology Group study (8), seven patients
nderwent ovarian cystectomy with subsequent surgical re-
xploration to complete the staging procedure. No residual
umors were detectable in any of the cystectomized ovaries.
anetta et al. (14) reported nine recurrences in 50 women

18%) with stage I borderline tumors treated by cystectomy
nly (Table 4).

In contrast to our findings are those of Morice et al. (5) in

heir study of 44 patients who were treated conservatively,
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1 with cystectomy and 33 with USO. Recurrence rates were
6.3% and 15.1%, respectively. The investigators concluded
hat the ideal conservative treatment is USO and that cys-
ectomy should be reserved for patients who have previously
ndergone adnexectomy but who subsequently require treat-
ent for a recurrent borderline tumor and wish to preserve

ertility. Our findings suggested, however, that the proce-
ures are equally safe. The apparent difference in the find-
ngs may be attributable to the smaller study group of Morice
t al. (5) (Table 4).

A diagnosis of BOT is often made after laparoscopic
ystectomy for an apparently benign ovarian cyst. Our data
uggested that in young women with an incidental diagnosis
f serous- or endocervical-type BOT, reoperation can safely
e avoided and careful follow-up instituted instead. Of our
2 patients, 33 had undergone cystectomy as their initial
peration, and in 11 of them, the surgical treatment was
xpanded to salpingo-oophorectomy within 3 months. Ret-
ospectively, in view of the results, this second surgery was
robably not advisable. Our data also confirm that cystec-
omy offers a safe treatment for patients with recurrent
orderline tumor and a history of adnexectomy who wish
o preserve fertility. Even if cystectomy increases the risk
f recurrence, the recurrent disease is amenable to surgi-
al treatment, and patient survival is not affected by this
pproach (5).

In our study, 25 women had achieved 38 pregnancies after
reatment, resulting in 35 deliveries. Five of these pregnan-
ies were achieved as a result of IVF. Reported spontaneous
ertility rates after conservative treatment for BOT vary
etween 32% and 65% (16, 18). Seracchioli et al. (19)
escribed 10 patients who attempted pregnancy of 19
omen who had undergone conservative surgery for BOTs.
ix of them conceived spontaneously and delivered at term.
he disease did not affect the gestation or the follow-up
eriod after the pregnancy.

Fauvet et al. described 65 women who attempted to con-
eive after conservative treatment for BOT (16). Of the 30

TABLE 4
Summary of published reports on women with b

Reference
No. of

patients
Mean follow-u

(mo)

Lim-Tan et al. (9) 35a 90
Morice et al. (5) 11 109
Zanetta et al. (14) 50 70
Present study 22 65
Note: NS � not stated; NED � no evidence of disease at
a Twenty-one patients underwent re-operation, thus only

Yinon. Conservative treatment of borderline tumors. Fertil Steril 2007.
regnancies attained, 27 were spontaneous and 3 followed

ertility and Sterility�
varian stimulation or IVF. With regard to the rate of tumor
ecurrence or mean time to recurrence, women who con-
eived did not differ from women who did not conceive (16).
e described elsewhere 43 patients who were treated con-

ervatively for BOTs (10). Thereafter, 19 patients delivered
5 healthy children. Seven of these patients were treated
ith IVF. Of these 7 women, 4 experienced recurrence of
OT, 2 before and 2 after IVF treatments. Our data therefore

upport the feasibility of fertility treatments and pregnancy
or women treated for BOT, because even if disease recurs,
t is almost always treatable.

An additional question is whether reoperation should be
erformed to remove the remaining ovary when fertility is
o longer desired. To date, no standard practice has been
ccepted. It appears, however, that because recurrent dis-
ases (borderline type in most cases) can easily be cured by
emoval, it would probably be safe to consider that system-
tic removal of the spared ovary is not mandatory (20). Our
urrent policy does not include systematic removal of the
pared ovary, provided that the patient is willing to undergo
prolonged follow-up.

In conclusion, our results confirm that conservative
urgery is an acceptable option for women with BOTs
ho wish to preserve fertility. Cystectomy, like oopho-

ectomy, appears to be an adequate treatment, provided
hat the patient is willing to undergo careful and pro-
onged follow-up.
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Evaluation of the embryo transfer protocol
by a laboratory model of the uterus
Osnat Eytan, Ph.D.,a David Elad, D.Sc.,b and Ariel J. Jaffa, M.D.a

a Ultrasound Unit in Obstetrics and Gynecology, Lis Maternity Hospital, Tel Aviv Medical Center, affiliated to the Sackler
Faculty of Medicine, Tel Aviv University; and b Department of Biomedical Engineering, Faculty of Engineering, Tel Aviv
University, Tel Aviv, Israel

Objective: To investigate the dispersion of transferred matter within a uterine laboratory model during and after
embryo transfer (ET) as a function of uterine position, catheter placement, and injection speed.
Design: Experimental setup.
Setting: Reproductive bioengineering laboratory.
Patient(s): N/A
Intervention(s): N/A
Main Outcome Measure(s): Laboratory simulations of ET into a rigid transparent uterine model. The catheter was
loaded with sequences of liquid and air as in the clinical setting. Experiments were conducted for different
inclinations of the uterine model, various transfer speeds of the catheter load, and placement of the catheter tip
near and remote from the fundus.
Result(s): Dispersion of the transferred matter depended on the position of sagittal cross-section of the uterine
cavity with respect to the horizon. The air bubbles were pulled up by buoyant forces toward the highest point of
the cavity (e.g., the fundus) and thereby dragged behind them the transferred media with the embryos. Placement
of the catheter tip near the fundus appeared to transfer the embryos into the tube when transfer was performed
at fast speeds, possibly leading to ectopic pregnancies.
Conclusion(s): Fundal level of the uterine cavity, location of the catheter tip, and transfer speed determine the
potential for embryo implantation. Adjustment of ET protocol to individual patient anatomy is recommended.
(Fertil Steril� 2007;88:485–93. ©2007 by American Society for Reproductive Medicine.)

Key Words: Mock ET, uterine laboratory model, injection speed of embryo transfer, uterine position
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he protocols of embryo transfer (ET) have evolved over the
ears with the aim of increasing the rate of successful
mplantations, which is currently �25%. Embryo transfer is

technical procedure whose outcome depends on a multi-
ude of anatomical, physiological, and mechanical aspects
Fig. 1). It is usually performed 72 hours after ovulation,
hereas implantation of the embryo in the endometrium

akes place 3–4 days later. There is a plethora of scientific
eports on the role of ET in the overall success of assisted
eproductive techniques (ART). However, the extremely
ensitive ethical considerations associated with ART pre-
luded in vivo evaluation of the dispersion of the transferred
olume within the uterus in response to variations of tech-
ical parameters, such as catheter position, catheter loading,
njection speed, and posture of the patient. Thus, the only

eceived May 1, 2006; revised and accepted November 27, 2006.
eprint requests: Osnat Eytan, Ph.D., Ultrasound Unit in Obstetrics and
Gynecology, Lis Maternity Hospital, Tel Aviv Medical Center, 6 Weiz-
man Street, Tel Aviv 64239, Israel (FAX: 972-3-692-5747; E-mail:
sosnate@post.tau.ac.il).

015-0282/07/$32.00
oi:10.1016/j.fertnstert.2006.11.127 Copyright ©2007 American Soc
vailable parameter for analysis was success of embryo
mplantation and/or take-home baby.

The current consensus is that the catheter tip should be
laced at mid-length of the uterine cavity, about 2 cm from
he fundus, to improve the potential for implantation (1–3).
arly studies reported that locating the catheter tip at about
.5 cm from the fundus resulted in better implantation rates
4–6). Embryo implantation was also considered to occur at
he vicinity of initial transference (7), and it became com-
only accepted that the location of the catheter tip may be

mportant for the success of the procedure. The risk of
ctopic pregnancy is increased when the catheter tip is
laced very close to the fundus (�5 mm) (8–11).

Many clinics have adopted an ET routine of transferring a
olume of media containing the embryos, preceded and
ollowed by air volumes, into the uterine cavity (12–14). The
ffect of loading air in the catheter-syringe system, as well as
he actual size of these volumes, on the implantation and
regnancy rates has not been fully determined (15, 16). The

peed of transferring the catheter load has never been inves-

485Fertility and Sterility� Vol. 88, No. 2, August 2007
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igated in clinical studies, but it frequently has been recom-
ended to transfer the matter gently (2, 3, 7, 14, 17).

We recently developed a laboratory simulation of ET to
tudy the dispersion of the transferred volume within a
ransparent model of the uterine cavity (18, 19). A major
nding was the generation of air bubbles within the uterine
odel, a feature that considerably affected the dispersion of

he transferred media in the uterine cavity. In the current
tudy, we used the same in vitro model to investigate the
linical implications of anatomical position of the uterus, the
lacement of the catheter tip in the uterus, and the speed of
atter transfer and to analyze their potential for increasing

he success of ART procedures.

ATERIALS AND METHODS
he computerized experimental setup for the laboratory sim-
lations of ET into the uterus has been described in detail in
n earlier report (19). The experimental setup allows the
terine model to be inclined in a sagittal plane between 0o

nd 30° from the horizon to mimic the position of the uterus
n a real ET procedure (Fig. 2A). The uterine model was built
rom two transparent Plexiglas plates separated by a 2.5-
m-thick polyvinyl chloride plate that was shaped to repro-

uce the frontal cross-section of the uterine cavity. A Cook
atheter was inserted into the glycerin-filled uterine model

FIGURE 1

Schematic outline of parameters that may affect the

Eytan. Physical features of ET protocol. Fertil Steril 2007.
ia the cervical opening. The catheter was loaded with a t

486 Eytan et al. Physical features of ET protocol
ombination of air and colored saline for simulation of the
edia with the embryos, as shown in Figure 2B. A comput-

r-operated linear actuator controlled the speed of injection
f the transferred volume by setting the length of time T for
he transfer process. A digital video camera was mounted
erpendicularly to the uterine plane for recording of the
rocedure at a rate of 10 images per second.

The simulations of ET procedures were performed with
he uterine model positioned either horizontally (e.g., � �
°) or tilted at � � 15° and � � 30°. The catheter tip was
ositioned at the middle of the cavity and close to the fundus
t distances of 25–30 mm and 5–10 mm from the fundal end,
espectively. The transferred volume (i.e., the catheter load
f 110 �L) was delivered into the uterine cavity within T �
, 5, 10, 15, and 25 seconds, which correspond to flow rates
f 110, 22, 11, 7.3, and 4.4 �L/s, respectively. Each test was
onducted three times to ensure repeatable patterns of media
ispersion within the uterine model. The term transferred
olume represents the overall transferred liquid together with
ir, and transferred liquid represents the overall transferred
iquid excluding air. The images of the dispersion of the
ransferred volume are presented at various times t (in sec-
nds), where T is the total length of transfer time. The
xperimental apparatus also enabled simulation of the ex-
raction of the catheter from the uterus after completion of

ome of embryo transfer.
outc
he ET procedure.

Vol. 88, No. 2, August 2007
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ESULTS
he dynamic dispersion of the transferred volume within the
terine cavity during and after a mock ET procedure was
nvestigated in relation to the anatomical posture of the
terus, the catheter location within the uterus, and the speed
f transferring the catheter load. The most striking outcome
as the posttransfer dependency of the transferred matter
ispersion on the position of the uterus during ET. When the
terine model was horizontal (i.e., � � 0°), the total air
olume that had been transferred into the uterine model
ormed a posttransfer passive single air bubble that was
ttached to the catheter tip. When the uterine model was
nclined (i.e., � � 15o or 30°), buoyant forces continuously
ulled the bubble upward toward the fundus after the pro-
edure was completed. Observation of consecutive images
or all tests revealed that the 3-�L volume of the transferred
iquid, which in a real ET contains the embryos, was mixed
ith the consecutive 3-�L volume of the transferred liquid.
onsequently, the embryos could be found everywhere in

FIGURE 2

(A) The experimental apparatus for in vitro simulation
protocol. The embryos are placed in the liquid sectio
procedure.

Eytan. Physical features of ET protocol. Fertil Steril 2007.
he cavity in which the colored liquid had been dispersed. (

ertility and Sterility�
When the uterine model was horizontal (� � 0°), the
ransferred volume formed a single air bubble of 104 �L,
hich was attached to the catheter tip and surrounded by the
-�L volume of the transferred liquid (i.e., the dark stains in
ig. 3) in the uterine cavity. In a very slow transfer (�25 s),

he transferred liquid was dispersed on both sides of the
atheter, pointing toward the cervix (Fig. 3E). As the injec-
ion rate increased, more of the transferred matter was also
pread to the front of the air bubble toward the fundus. The
mount of the liquid in front of the bubble was the greatest
hen the matter was transferred within 1 second, simulating
so-called push injection (Fig. 3A).

The dispersion of the transferred matter in a tilted uterine
odel at both � � 15° and 30° was completely different

rom that at � � 0° and did not reach its final pattern when
he injection was over. The time-dependent distribution of
he transferred volume for a catheter tip placed at midcavity,
elatively far away from the fundus, is depicted in Figure 4
oth for a slow injection (T � 25 s) and for a fast injection

mbryo transfer. (B) Scheme of the catheter-loading
ar the catheter tip in an actual embryo transfer
of e
n ne
1 s): one or more air bubbles were formed, depending on the
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488 Eytan et al. Physical features of ET protocol
terine inclination angle and the speed of injection of the
ransferred volume. The air bubbles were pulled up toward
he highest point of the uterine model by buoyancy forces,
nd they dragged the transferred liquid with it. As the uterine
nclination increased to � � 30°, more bubbles were gener-
ted, and they all rapidly reached the fundal end (Fig. 4A,
mages a3 and a4). At fast injection speeds (e.g., T � 1 s),

FIGURE 4

Dispersion of the transferred volume at various
inclination angles of the uterine model (� � 15°,
30°) at various times after the onset of injection
while the catheter is remote from the fundus. The
transferred matter was injected at a low speed
(A; T � 25 s) and at a high speed (B; T � 1 s).

FIGURE 3 CONTINUED

Dispersion of the transferred volume at the end of
injection into a horizontal uterine model (� � 0°) at
various speeds while the catheter is remote from
the fundus: (A) T � 1 second, (B) T � 5 seconds,
(C) T � 10 seconds, (D) T � 15 seconds, and
(E) T � 25 seconds.
FIGURE 3
Eytan. Physical features of ET protocol. Fertil Steril 2007.
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nly one air bubble was generated regardless of the uterine
nclination angle (Fig. 4B), whereas two or more bubbles
ere formed at slower speeds (e.g., T � 5 s and longer). The

ir bubble reached the fundus within 7 seconds when T � 1
r 5 seconds, whereas the first air bubble reaches the fundus

FIGURE 5

Dispersion of the transferred volume at various inclinati
various times after the onset of injection while the cathe
injected at a low speed (A; T � 25 s) and at a high spe

Eytan. Physical features of ET protocol. Fertil Steril 2007.
fter 12 seconds when T � 25 seconds. e

ertility and Sterility�
The time-dependent dispersion of the transferred volume
or a catheter tip placed closed to the fundus (within 0.5–1
m) for slow and fast injection speeds is depicted in Figure 5.
he general pattern was similar to that when the catheter tip
as placed at the midcavity. A single air bubble was gen-

ngles of the uterine model (� � 0°, 15°, 30°) at
is close to the fundus. The transferred matter was
B; T � 1 s).
on a
ter

ed (
rated in the horizontal uterus (e.g., � � 0°), whereas several
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ir bubbles were generated at slow transfer speeds in the
ilted uterus (e.g., � � 15° and 30°). However, the narrow
ap between the catheter tip and the fundal end of the uterine
avity forced all the bubbles to combine into a single one
efore conclusion of the injection, whereas the transferred
atter was pushed toward the sides of the bubble (Fig. 5A,

mages a3 to a6). Transferring the catheter load at a fast
peed (e.g., T � 1 s) resulted in a single air bubble, inde-
endent of the uterus position, with the transferred liquid
eing pushed toward the sides and back of the air bubble
Fig. 5B). When the catheter tip was very close to the fundus
e.g., 5 mm), injection of the transferred volume at high
peeds pushed the transferred liquid outside of the uterine
avity (Fig. 6), which could possibly lead to an ectopic
regnancy in the real-life setting.

A simulation of catheter extraction from the uterus when
ts tip was positioned 2.5 cm from the fundus is demon-
trated in Figure 7 for the horizontal and tilted uterine
odels. This simulation was performed manually over a

eriod of 1–2 seconds, and the results clearly demonstrated
hat the transferred liquid was dragged toward the cervical
nd of the uterine model. When the transferred matter (i.e.,
iquid) was very close to the catheter tip, as it is in the
orizontal uterus, some of the transferred liquid was actually
xtracted from the uterine cavity, whereas it remained in the
avity in the tilted uterus as a result of the transport toward
he fundal end immediately after completion of the ET
rocedure.

ISCUSSION
he present study is concerned with the effect of some
hysical aspects of the ET protocol on the posttransfer dis-
ersion of the embryos within the uterine cavity. It is im-
ortant to bear in mind that the basis for any analysis of the
utcome of ET is that embryo implantation takes place 3 to
days after ET. Immediately after transferring the embryos

nto the uterine cavity, their transport to an optimal site of
mplantation depends only on the natural transport mecha-
isms of the uterus. Thus, a major objective of a successful
T protocol should be transferring the embryos in a way that
nsures that they will be pushed as close as possible to the
undal wall and remain there, far away from the catheter tip.
his will avoid embryo extraction into the vagina when the
atheter is withdrawn.

The present simulations provided a model intended to be
omplementary to in vivo investigations of ET protocols that
re subjected to ethical and practical limitations. We used a
imple laboratory model to explore the effects of physical
spects of the ET protocol that can be controlled in the clinic,
uch as patient position, catheter tip location, and speed of
njection of the catheter load. Although the parameter for
uccess in in vivo studies is embryo implantation or ongoing
regnancy, the results of this in vitro study provided better
nderstanding of scientific phenomena within the uterus

ecause of controllable parameters of the ET protocol. l

490 Eytan et al. Physical features of ET protocol
The currently accepted procedure is to load the catheter
ith a combination of the transferred liquid and air volumes

o ensure the transfer of the embryos into the uterine cavity.
ccordingly, our simulations were performed with a catheter

oad as currently used in our clinic (Fig. 2B). The catheter

FIGURE 6

Simulation of how ectopic pregnancy may occur.
Dispersion of the transferred volume injected at a
high speed (T � 1 s) in a horizontal uterine model
(� � 0°) while the catheter is close to the fundus:
(A) t � 0.5 s, (B) t � 0.75 s, and (C) t � 0.875 s.
The arrows mark the part of the liquid that enters
into the glass tube.

Eytan. Physical features of ET protocol. Fertil Steril 2007.
oad was transferred into the uterine model at a uniform

Vol. 88, No. 2, August 2007



v
s
I
p
o
b
(
d
o

d
o
c
w
s
h
a
h
b
(
t
s
f
t
t
o
d
s

w
c

s
i
f
b
i

F

elocity within time lengths that ranged between 1 and 25
econds, which dictated the speed of transferring the matter.
n the clinic, injections of catheter loading are generally
erformed gently (2, 3, 7, 17). We observed the procedure in
ur IVF unit and found that the length of delivery varied
etween 1 (e.g., injection in a single push) and 15 seconds
e.g., very gentle). In the analysis of the simulations, we
efined a delivery within T � 1 second as a fast speed, and
ne within T � 25 seconds as a slow speed.

A major outcome of this and previous studies (19) is the
ynamic transport of the transferred volume of air depending
n the position of the sagittal cross-section of the uterine
avity with respect to the horizon. When ET is performed
hile the subject is in the supine position, the sagittal cross-

ection of the normal anteverted uterus is inclined above the
orizontal plane (Fig. 8). As a result, one or more air bubbles
re generated and pulled up by buoyant forces toward the
ighest point of the cavity (e.g., the fundus) and thereby drag
ehind them the transferred media containing the embryos
Fig. 4). As air exits the catheter tip, it is subjected to surface
ensions at the interface with intrauterine liquid, compression
tresses from the surrounding intrauterine liquid, gravity
orces because of its weight, and buoyancy forces because of
he uterine liquid it displaces. The dynamic interaction be-
ween these forces, which is largely dependent on the angle
f inclination of the uterine cavity and the speed of injection,
ictates the number of generated bubbles, as well as the
peed of their upward movement (19).

When the air comes off the catheter into the viscose fluid
ithin the uterine model, the bubble formed at the tip of the

FIGURE 7

Effect of rapid extraction of the catheter (1–2 s).
Final dispersion of the transferred matter before
(A, C) and after (B, D) extraction of the catheter in
the horizontal (� � 0°) and inclined (� � 15°)
uterine models, respectively.

Eytan. Physical features of ET protocol. Fertil Steril 2007.
atheter is held in place by the surface tension caused by the f

ertility and Sterility�
urrounding fluid (Fig. 4A1). As the radius of the bubble
ncreases, the surface tension decreases and the buoyant
orce increases, resulting in detachment of the bubble and its
eing propelled toward the fundus (Fig. 4A2). When the
nclination angle of the uterine model increases, the buoyant

FIGURE 8

The sagittal cross-section of the uterus in the
supine subject: (A) anteverted (normal) uterus, (B)
anteflexed uterus, and (C) retroflexed uterus.

Eytan. Physical features of ET protocol. Fertil Steril 2007.
orce increases, and the bubble detaches before all the air had

491



b
t

c
a
s
e
i
a
t
m
e
n
m
fi
g
s

u
h
r
a
s
t
u
B
s
p
f
t
r

p
t
c
r

u
A
r
t
h

t
d
H
w
t
b
f
f
d
w
r
p
c
r
t
c
i
c
t

t
p
o
t
f
p
E
s

een released from the catheter. The latter scenario gives rise
o two or more air bubbles (Fig. 4A3).

When the injection speed is fast, rapid release of air
reates local instantaneous high pressure around the bubble,
nd the relations between the forces mentioned above are
uch that a single bubble is formed when the transfer has
nded (Fig. 4B1 and 4B3). This local high pressure dimin-
shes rapidly, and the buoyant forces drive the bubble up and
way from the catheter tip (Fig. 4B2 and B4). Our simula-
ions revealed that low-speed injection of the transferred
atter in a tilted uterine model increases the potential of the

mbryos to arrive to the fundal area (Fig. 4A1–A4). The
ormal uterine position is equivalent to our 30°-tilted uterine
odel. Although the injection speed has never been quanti-
ed, ET protocols suggest injecting the transferred matter
ently, which corresponds to slow injection speed. Our re-
ults support this suggestion.

The normal position of the sagittal cross-section of the
terus of a woman in a supine position is tilted above the
orizon (Fig. 8). These data are frequently seen in magnetic
esonance imaging or ultrasound images, but the precise
ngle of inclination has not been measured. Our model
imulated anteverted uteri, where the uterine model was
ilted above the horizon (e.g., � � 30°) and also retroverted
teri, where the uterine model was horizontal (e.g., � � 0°).
ecause of the rigidity of the uterine model, we could not

imulate retro- and anteflexed uteri. Accordingly, if ET is
erformed with an air-filled catheter in a uterus in which the
undus is not the highest point with respect to the horizon,
he media with embryos that follow the air bubble may not
each the fundal area when the transfer is completed.

For retroflexed uteri (Fig. 8), the fundus is lower than the
oint at which the transferred matter is injected. As a result,
he air bubble will move away from the fundus, thereby
arrying with it the media and embryos. Indeed, pregnancy

TABLE 1
Summary of the contribution of injection speed o
embryo implantation at the fundus region.

Parameter
R

(Ho

Catheter tip–fundus distance (cm) 2
Slow speed (25 s) 2

Fast speed (1 s) 1

Note: 1, increased potential for implantation; 11, great
fundal area.

Eytan. Physical features of ET protocol. Fertil Steril 2007.
ates were found to be higher in patients with an anteverted e
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terus compared with those with a retroverted one (20).
ccordingly, in cases of anteverted and retroverted uteri, it is

ecommended that the patient lies in such a way that ensures
hat the fundal end of the uterus is the highest point above the
orizon.

The location of the catheter tip during ET greatly affects
he dispersion pattern of the transferred volume and largely
ictates where the embryos may be present after the transfer.
igher pregnancy rates were obtained when the catheter tip
as in the middle of the uterine cavity (2, 3). This observa-

ion may be supported by the present results (Figs. 3 and 4)
ecause the transferred media containing the embryos were
ound to be close to the fundus at the end of ET and far away
rom the catheter tip to obviate expulsion through the cervix
uring catheter withdrawal (Fig. 7). Similar observations
ere also reported when the catheter tip was placed in the

ange 1.3 to 1.8 cm from the fundus (21). The rate of ectopic
regnancies increased when the catheter tip was placed too
lose to the fundus (e.g., �0.5 cm) (3, 10, 11). The present
esults demonstrated that the transferred liquid was pushed
o both sides of the squashed elliptic air bubble when the
atheter tip was close to the fundus (Fig. 5). Moreover,
njection of the catheter load at a fast speed while the
atheter tip was too close to the fundus conveyed some of the
ransferred liquid into the fallopian tubes (Fig. 6).

In the present study, we did not observe spillage of the
ransferred matter from the catheter tip while it was being
ushed into the uterine model, but we did observe that some
f the uterine liquid (glycerin) entered into the catheter and
hereby pushed the transferred volume a few millimeters
urther inside. This may explain why embryos are not ex-
elled at the cervix during insertion of the catheter (6).
ntrance of uterine fluid into the catheter may also demon-
trate how mucus plugs in the catheter tip could retain the

e transferred volume to the potential of

Anatomical posture

version
tal model)

Anteversion
(Tilted model)

0.5–1 2 0.5–1
2 11 2

(Ectopic)
2 1 2

(Ectopic)
ential for implantation; 2, decreased potential to reach
f th

etro
rizon

pot
mbryo within the catheter (22, 23).
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Some of the transferred liquid around the catheter tip was
ulled backward toward the cervix during rapid extraction of
he catheter from the uterine cavity (i.e., within 1–2 s; Fig.
). These results support the observation that embryos may
e present in the cervix during the injection of the transferred
atter or after an ET procedure (6). This is caused by an

dverse pressure gradient resulting from the fast movement
f the catheter forcing the liquid to move in the direction of
he catheter. To prevent this from occurring, the transferred
iquid containing the embryos should be pushed away from
he catheter tip and the catheter should be extracted slowly
23). When our uterine model was tilted, the buoyant forces
ushed the transferred liquid from the tip toward the fundus,
nd so the transferred liquid was not affected when the
atheter was extracted. In the real uterus, however, uterine
eristalsis is also involved in driving the transferred liquid
ontaining the embryos toward the fundus.

In summary, the study of mock ET in a laboratory uterine
odel revealed the potential contribution to successful em-

ryo implantation of patient position, catheter tip location,
nd speed of injection of the catheter load. Table 1 provides
concise summary of the role of each of the ET parameters

hat can easily be controlled in the clinic. When ET is
erformed with a catheter loaded with air in addition to the
ransferred liquid, we recommend the following: [1] posi-
ioning of the subject so that the fundus will be at the highest
oint in the sagittal cross-section above the horizon, espe-
ially in subjects with retroverted uteri; [2] placement of the
atheter tip at midcavity about 2.0 cm from the fundal end;
nd [3] delivering the catheter load gently over a period of
10 seconds. These guidelines will increase the potential of

he embryo to present near the fundal endometrium during
he time window for implantation, and with the assistance of
ormal uterine peristalsis toward the fundus, the rate of
mbryo implantation could be expected to increase.

cknowledgment: The authors thank Esther Eshkol, MA, for editorial
ssistance.

EFERENCES
1. Coroleu B, Barri PN, Carreras O, Martinez F, Parriego M, Hereter L, et

al. The influence of the depth of embryo replacement into the uterine
cavity on implantation rates after IVF: a controlled, ultrasound-guided
study. Hum Reprod 2002;17:341–6.

2. Frankfurter D, Trimarchi JB, Silva CP, Keefe DL. Middle to lower
uterine segment embryo transfer improves implantation and pregnancy
rates compared with fundal embryo transfer. Fertil Steril 2004;81:
1273–7.

3. Oliveira JB, Martins AM, Baruffi RL, Mauri AL, Peterson CG, Felipe

V, et al. Increased implantation and pregnancy rates obtained by plac-

ertility and Sterility�
ing the tip of the transfer catheter in the central area of the endometrial
cavity. Reprod Biomed Online 2004;9:435–41.

4. Meldrum DR, Chetkowski R, Steingold KA, deZeigler D, Cedras MH,
Hamilton M. Evolution of a highly successful in vitro fertilization-
embryo transfer program. Fertil Steril 1987;48:86–93.

5. Mansour R, Aboulghar MA, Serour G. Dummy embryo transfer: a
technique that minimizes the problems of embryo transfer and improves
the pregnancy rate in human in vitro fertilization. Fertil Steril 1990;54:
678–81.

6. Knutzen V, Stratton CJ, Sher G, McNamee PI, Huang TT, Soto-Albors
C. Mock embryo transfer in early luteal phase, the cycle before in vitro
and embryo transfer: a descriptive study. Fertil Steril 1992;57:156–62.

7. Baba K, Ishihara O, Hayashi N, Saitoh M, Taya J, Kinoshita K. Where
does the embryo implant after embryo transfer in humans? Fertil Steril
2000;73:123–5.

8. Lesny P, Killick SR, Robinson J, Maguiness SD. Transcervical embryo
transfer as a risk factor for ectopic pregnancy. Fertil Steril 1999;72:
305–9.

9. Marcus SF, Brinsden PR. Analysis of the incidence and risk factor
associated with ectopic pregnancy following in vitro-fertilization and
embryo transfer. Hum Reprod 1995;10:199–203.

0. Yovich JL, Turner SR, Murphy AJ. Embryo transfer technique as a
cause of ectopic pregnancies in in vitro fertilization. Fertil Steril 1985;
44:318–21.

1. Nazari A, Askari HA, Check JH, O’shaughnessy A. Embryo transfer
technique as a cause of ectopic pregnancy in in vitro fertilization. Fertil
Steril 1993;60:919–21.

2. Krampl E, Zegermacher G, Eichler C, Obruca A, Strohmer H, Feich-
tinger W. Air in the uterine cavity after embryo transfer. Fertil Steril
1995;63:366–70.

3. Ebner T, Yaman C, Moser M, Sommergruber M, Polz W, Tews G. The
ineffective loading process of the embryo transfer catheter alters im-
plantation and pregnancy rates. Fertil Steril 2001;76:630–2.

4. Sallam HN, Agameya AF, Rahman AF, Ezzeldin F, Sallam AN. Ul-
trasound measurements of the uterocervical angle before embryo trans-
fer: a prospective controlled study. Hum Reprod 2002;17:1767–72.

5. Moreno V, Balasch J, Vidal E, Calafell JM, Civico S, Vanrell JA. Air
in the transfer catheter does not affect the success of embryo transfer.
Fertil Steril 2003;81:1366–70.

6. Correa-Perez JR, Fernandez-Pelegrina R. Air transfer in the catheter—
good or bad? Fertil Steril 2004;83:520–1.

7. Pope SC, Cook EKD, Arny M, Novak A, Grow DR. Influence of
embryo transfer depth on in vitro fertilization and embryo transfer
outcomes. Fertil Steril 2004;81:51–8.

8. Eytan O, Elad D, Zaretsky U, Jaffa AJ. A glance into the uterus during
in vitro simulation of embryo transfer. Hum Reprod 2004;19:432–6.

9. Eytan O, Zaretsky U, Jaffa AJ, Elad D. In vitro simulations of embryo
transfer in a laboratory model of the uterus. J Biomech. In press. Online
at: doi:10.1016/j.jbiomech.2006.04.020

0. Egbase PE, Al-Sharhan M, Grudzinskas JG. Influence of position and
length of uterus on implantation and clinical pregnancy rates in IVF and
embryo transfer. Hum Reprod 2000;15:1943–6.

1. Franco JG Jr, Martins AM, Baruffi RL, Mauri AL, Peterson C, Felipe
V, et al. Best site for embryo transfer: the upper or lower half of
endometrial cavity? Hum Reprod 2004;19:1785–90.

2. Visser DS, Fourie FL, Kruger HF. Multiple attempts at embryo transfer:
effects on pregnancy outcome in an in vitro fertilization and embryo
transfer program. J Assist Reprod Genet 1993;10:37–43.

3. Mansour RT, Aboulghar MA. Optimizing the embryo transfer tech-

nique. Hum Reprod 2002;17:1149–53.

493



Miniature hygrometric hot flash recorder
Robert R. Freedman, Ph.D., and Samuel Wasson, M.S.E.E.

Departments of Obstetrics and Gynecology and Psychiatry and Behavioral Neurosciences, Wayne State University School of

Medicine, Detroit, Michigan

Objective: To design and test a miniature ambulatory hot flash recorder that uses neither electrodes nor gel.
Design: In the first study, putative hot flashes recorded by using a relative humidity sensor were compared with
patient event marks. In the second study, relative humidity recorded by using a complete prototype recorder
was compared with sternal skin conductance recordings made on a Biolog recorder, as well as with event marks.
Setting: University medical center.
Patient(s): Ten healthy postmenopausal women reporting frequent hot flashes and using no medication.
Intervention(s): Body heating in laboratory.
Main Outcome Measure(s): Positive predictive value (PPV), sensitivity, specificity.
Result(s): In both laboratory studies, the PPV, sensitivity, and specificity among all three measures (relative
humidity, skin conductance level, event) were 100%. In the field, a relative humidity increase of 3% per minute
compared with skin conductance level–detected hot flashes yielded a PPV of 95.6%, a specificity of 95.2%, and
a sensitivity of 90.9%.
Conclusion(s): This device should be useful as an endpoint in clinical trials of treatments for hot flashes. (Fertil
Steril� 2007;88:494–6. �2007 by American Society for Reproductive Medicine.)

Key Words: Hot flash, skin conductance, relative humidity, ambulatory monitoring
Much research is currently underway on new treatments for
menopausal hot flashes. However, this research is hindered
by the lack of suitable outcome measures. Patient-reported
outcome measures, such as diaries, have not been standard-
ized and suffer from lack of compliance, recall bias, and
lost data, among other factors (1, 2).

Research over the past several years has identified sternal
skin conductance level as the best objective indicator of hot
flashes (3–6). However, existing ambulatory recording de-
vices are cumbersome and difficult to use. Moreover, they re-
quire the use of gel-filled electrodes that must be changed
every 24 hours because of drying of the gel and accumulation
of sweat. Because most patients are not capable of doing this
successfully or of stopping and restarting the recorders,
frequent clinic visits are necessary for extended recording
periods. This is inconvenient and expensive.

Here we describe a miniature hygrometric (humidity) hot
flash recorder that uses neither electrodes nor gel. It can be
easily removed and reattached by patients, has no controls,
and will record for 31 days on a single hearing-aid battery.

We performed two experiments. In the first, we demon-
strated the feasibility of using a miniature hygrometric sensor
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to detect hot flashes. In the second, we tested the accuracy of
a fully functioning recorder against hot flashes recorded on
a Biolog (Morro Bay, CA) recorder and a patient-activated
event marker.

MATERIALS AND METHODS

Subjects

Subjects were 10 postmenopausal women reporting frequent
(more than six per day) hot flashes. They were healthy and
free of all medication including hormone therapy and dietary
supplements for hot flashes. They were recruited from news-
paper advertisements requesting volunteers for participation
in research on hot flashes and were paid for their participa-
tion. All gave written informed consent, and all procedures
were approved by the Wayne State University institutional
review board.

Procedure

Study 1 A miniature hygrometric sensor was mounted within
a 2.5-cm diameter Plexiglas disk (Fig. 1). The sensor was at-
tached over the sternum with standard, double-sided, adhe-
sive collars. The output of the sensor was recorded with use
of an analog-to-digital converter and personal computer.
Two 2.5-cm Ag/AgCl electrodes (Graphic Controls, Buffalo,
NY) filled with 0.05 mol/L KCl gel were attached on either
side of the sensor, 4 cm apart. Skin conductance level was re-
corded with use of a 0.5 V constant-voltage circuit, analog-
to-digital converter, and personal computer, as previously
published (7). An event marker button was connected to the
computer.
0015-0282/07/$32.00
, Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.184
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Patients wore cotton scrub suits and reclined in a large
armchair, in a temperature- and humidity-controlled (26�C,
50% relative humidity) room. They were heated with two
40� 60 cm circulating water pads at 42�C. Subjects were re-
corded for 2 hours between 10 AM and 5 PM. They were in-
structed to press the event marker button each time a hot
flash occurred. After the 2-hour recording period the skin
conductance level electrodes were removed. The sensor
was connected to a Biolog skin conductance level recorder
that had been modified to record signals from the sensor. Sub-
jects were then sent home for 24 hours after being instructed
not to get the recorder wet and to press the event marker each
time they had a hot flash.

Study 2 A fully functioning prototype recorder was designed
and constructed by Kolar Engineering (Royal Oak, MI). It
consists of a miniature hygrometric sensor, a microcontroller,
flash memory, and a hearing-aid battery (Fig. 2). The recorder
is 3.8 cm in diameter, 1 cm thick, and weighs 14 g including
the battery.

Patients were instrumented with this recorder, two skin
conductance level electrodes, and the event marker and re-
ceived the heat test procedures described in study 1. At the
end of the 2-hour period, the skin conductance level elec-
trodes were attached to a Biolog skin conductance level re-
corder. They were instructed not to get the devices wet and
to press the event marker each time a hot flash occurred.
Nine women were then recorded for 24 hours and one for
60 hours.

Data Analysis

For study 1, the relative humidity, skin conductance level sig-
nals, and event marks were downloaded from the laboratory
personal computer. The amplitude and duration of each puta-
tive hot flash were scored with use of Excel software (Micro-
soft, Redmond, WA). Then, to determine the criterion relative

FIGURE 1

Prototype humidity sensor.

Freedman. Miniature hot flash recorder. Fertil Steril 2007.
Fertility and Sterility�
humidity change for a hot flash, these data were analyzed
with a receiver operating characteristic (ROC) analysis using
a skin conductance level change of 2 mmho/30 s as the gold
standard. Then, the ambulatory relative humidity data were
downloaded from the Biolog recorder and analyzed with an
ROC analysis and use of the event marks as the gold standard.

For study 2, the relative humidity data from our recorder
were downloaded with use of software written by Kolar En-
gineering. The amplitude and duration of putative hot flashes
were scored with software written by one of us (S. L. W.).
Skin conductance level signals from the Biolog recorder
were downloaded and scored with Biolog software and the
2 mmho/30 s criterion.

An ROC analysis was used to compare the Biolog- and rel-
ative humidity–detected hot flash counts with the Biolog
recorder as the gold standard. Percent relative humidity
changes from 2% to 6% in 0.5% steps over 1-minute and
2-minute intervals were examined. A second such analysis
was performed with use of the event marks as the gold
standard.

RESULTS

Twenty hot flashes meeting the 2 mmho/30 s skin conduc-
tance level criterion were recorded during the laboratory ses-
sion of study 1. All were accompanied by an event mark and
by a relative humidity increase of 3% per minute. There were
no false positive or false negative events. Thus the PPV, the
sensitivity, and the specificity for the 3% per minute relative
humidity change versus the skin conductance level criterion
and the event marks are 100%.

The ROC analysis of the ambulatory data showed that a rel-
ative humidity increase of 3% per minute produced the best
PPV. There was an average of 12.6 � 2.6 SD event marks
per patient and 17.6 � 2.2 relative humidity increases (3%

FIGURE 2

Prototype hot flash recorder. Weight¼ 14 g. Scale in
centimeters.

Freedman. Miniature hot flash recorder. Fertil Steril 2007.
495



per minute) per patient during these recordings. With use of
this criterion relative humidity change against the event
marks as the gold standard, the PPV was 71.6%, the specific-
ity was 60.3%, and the sensitivity was 99%.

Eighteen hot flashes meeting the 2 mmho/30 s skin conduc-
tance level criterion were recorded during the laboratory ses-
sion of study 2. All were accompanied by an event mark and
by a relative humidity increase of 3%/min. There were no
false positive or false negative events. Thus the PPV, the sen-
sitivity, and the specificity for the 3%/min relative humidity
change versus the skin conductance level criterion and the
event marks are 100%.

The ROC analysis of the ambulatory monitoring data again
showed that a relative humidity increase of 3%/min produced
the best PPV. There was an average of 23.8 (� 12.7 SD) Bi-
olog-detected hot flashes per patient and 21.4 (� 11.9) flashes
per patient detected by relative humidity. With use of the Bi-
olog flashes as the gold standard, the PPV for relative humid-
ity was 95.6%, the specificity was 95.2%, and the sensitivity
was 90.9%.

There was an average of 13.0 (� 9.9) event marks per pa-
tient recorded on the Biolog recorder. With these as the gold
standard, the PPV for relative humidity was 59.7% and the
PPV for the Biolog recorder (skin conductance level) was
52.8%.

There were no significant correlations (Pearson r and
Spearman r) between average daily humidity as reported
by the National Oceanic and Atmospheric Administration
(range 60%–100%) and any of the variables reported above.
The ambient relative humidity on the chest was estimated by
the basal values shown on the relative humidity recordings
and ranged from 40% to 95%. There were no differences in
hot flash detection rates across this range, and the recordings
did not plateau at the upper end.

DISCUSSION

We have developed a miniature hygrometric hot flash re-
corder that uses neither electrodes nor gel. The recorder
was well tolerated by patients and did not fall off. Patients re-
ported that they did not notice the presence of the recorder
and found it vastly preferable to the Biolog recorder.

In the laboratory, the correspondence among a relative hu-
midity increase of 3%/min, skin conductance level-detected
hot flashes, and patient event marks was 100%. During 24-
to 60-hour ambulatory monitoring, with use of skin conduc-
tance level–detected hot flashes as the gold standard, the PPV
for the relative humidity criterion was 95.6%, the specificity
was 95%, and the sensitivity was 90.9%. Thus, the relative
496 Freedman and Wasson Miniature hot flash recorder
humidity–recorded data were very similar to those recorded
on the Biolog recorder but used a simpler, smaller, and less
obtrusive device. With the event marks as the gold standard,
the PPV for relative humidity was superior to that of the
Biolog recorder.

In the laboratory the PPVs of both devices compared with
the event marks were perfect, 100%. In the field the PPVs for
both devices compared with the event marks were consider-
ably worse although better than those previously reported
for the Biolog recorder (8). We believe this is due to patient
underreporting of the hot flashes, as demonstrated in previous
studies (8). The reasons for this are not clear but may be due
to distraction, inconvenience, or failure to perceive the flash
during sleep.

The relative humidity recordings were not significantly af-
fected by wide ranges of outdoor humidity or by ambient hu-
midity recorded on the chest. However, the device may not
record accurately in locations where the relative humidity
is near 100%, such as a steamy bathroom or some tropical
climates.

In conclusion, we have invented a miniature hot flash re-
corder that uses neither electrodes nor gel and will operate
for 31 days on a single hearing-aid battery. The data are com-
parable with those recorded by skin conductance level, but
the method is simpler and much easier for patients to use.
Our recorder should be useful as an endpoint in clinical trials
and for research on the determinants of hot flashes.
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Initial experience with a donor egg bank
James W. Akin, M.D.,a Katrina A. Bell, M.D.,b Diana Thomas, M.A.,c and Jeffrey Boldt, Ph.D.d

a Department of Obstetrics and Gynecology, University of Kentucky College of Medicine, and b Bluegrass Fertility Center,
Lexington, Kentucky; c CryoEggs International, LP, Phoenix, Arizona; and d Assisted Fertility Services, Community Health
Network, Indianapolis, Indiana

Objective: To report on the establishment of a commercial donor egg bank (CryoEggs International, LP) and to
present our initial experience from the first four patients to receive eggs.
Design: Case report.
Setting: Private fertility clinic.
Patient(s): The four recipient women were aged 43, 43, 40, and 33 years. All had cycle day FSH levels greater
than 25 mIU/mL. All were given the option of fresh donor egg IVF but opted to use frozen donor oocytes.
Intervention(s): Purchased and quarantined frozen donor eggs were thawed and inseminated using intracytoplas-
mic sperm injection (ICSI). Subsequent embryos were transferred on day 3.
Main Outcome Measure(s): Clinical pregnancy as defined by presence of cardiac activity.
Result(s): There was a thawed egg survival rate of 76%, a fertilization rate of 74%, a pregnancy rate (PR) of 50%,
with an average of 2.75 embryos per transfer and an implantation rate of 27%.
Conclusion(s): Although very preliminary, these results indicate that more widespread use of frozen donor eggs
obtained from a commercial egg bank may be feasible in the future, changing the landscape of donor egg IVF.
(Fertil Steril� 2007;88:497.e1–4. ©2007 by American Society for Reproductive Medicine.)

Key Words: Donor egg bank, donor egg IVF, oocyte cryopreservation
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ith the onset of the human immunodeficiency virus (HIV)
pidemic in the 1980s, fertility clinics were forced to stop
sing fresh donor semen in patients due to infectious disease
isks. Donor semen now is required to be quarantined for 6
onths, and the donor has to test negative for HIV and other

nfectious diseases before the semen is released to the recip-
ent. Initial complaints were that the pregnancy rate (PR)
rom frozen donor semen was less than that of fresh, but the
nfectious disease risks outweighed this argument, such that
nly frozen donor semen is now used for artificial insemi-
ation cycles in the United States.

Until recently, oocyte freezing technology has lagged
ehind that of sperm freezing. Although embryos, or fertil-
zed eggs, have been successfully frozen, thawed, and used
o achieve pregnancies for decades, frozen oocyte success
ates have been poor overall. The first pregnancy from a
rozen egg was reported in 1986 (1), but poor survival rates
nd potential damage to the egg’s metaphase spindle, as well
s other subcellular organelles limited widespread interest in
gg freezing (2).

Recent technological advances have made oocyte freezing
uch more efficient (3–5), and concern about damage to the
etaphase spindle has been minimized (6–10). These ad-

ances have made feasible the formation of a commercially
vailable donor egg bank. In this report we provide data on

eceived May 12, 2006; revised and accepted November 15, 2006.
ames Akin, Diana Thomas, and Jeffrey Boldt are general partners in
CryoEggs International, LP.

eprint requests: James Akin, M.D., Bluegrass Fertility Center, 1760
Nicholasville Road, Suite 501, Lexington, KY 40503 (FAX: 859-260-
m1425; E-mail: jakin94939@aol.com).

015-0282/07/$32.00
oi:10.1016/j.fertnstert.2006.11.058 Copyright ©2007 American Soci
he establishment and development of a donor egg bank. We
lso describe our initial experience from the first four pa-
ients to receive eggs from this commercial egg bank.

ATERIALS AND METHODS
he protocols for establishing a donor egg bank and the use
f frozen donor oocytes have been reviewed and approved
y an external Institutional Review Board (IRB) for the
rotection of research subjects (Western IRB: WA, USA.).
nonymous egg donors were recruited according to the
uidelines set up by the American Society for Reproductive
edicine (ASRM) (11). Donors have to be between the ages

f 21 and 30 years. Donors undergo a psychological evalu-
tion with a clinical psychologist. Donors also undergo ge-
etic screening with a genetic counselor and must be free of
ignificant genetic disease. All donors are screened for cystic
brosis carrier status and other indicated genetic screening

ests dependent on their background.

Donors must be initially screened for infectious diseases
ithin 30 days of the egg retrieval according to the US Food

nd Drug Administration (FDA) regulations for donor eligi-
ility testing. Donors undergo blood tests for HIV 1, HIV 2,
epatitis B, hepatitis C, syphilis, gonorrhea, and Chlamydia.
or the commercial donor egg bank, CryoEggs International,
P (authors Akin, Thomas, and Boldt are part owners), eggs
re harvested, frozen for 6 months, and the donor is re-
creened for the infectious diseases listed previously. Thus,
gg donors are screened in an identical manner as are semen
onors. Eggs are only released for purchase after review of

edical/genetic history indicates acceptability, and only if

497.e1Fertility and Sterility� Vol. 88, No. 2, August 2007
ety for Reproductive Medicine, Published by Elsevier Inc.
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ll infectious disease testing is negative after the 6-month
uarantine period.

To initially supply the egg bank, 21 donors from various
acial and ethnic groups underwent a standard IVF stimula-
ion protocol using a luteal GnRH agonist followed by
onadotropins until the lead follicles reach a mean diameter
f 16–18 mm in conjunction with an appropriate E2 level.
njection with 10,000 USP Units of hCG is given 34–35
ours before egg retrieval. Care is taken to avoid ovarian
yperstimulation in the donor. Oocyte retrievals are not
erformed if the E2 level is more than 5,000 pg/mL. For high

2 levels, coasting off medications for up to 4 days is
erformed to decrease the likelihood of ovarian hyperstimu-
ation.

Egg retrievals were done under general anesthesia, and all
ature, metaphase II oocytes obtained were frozen. No

mmature oocytes were frozen. The lead author did all the
onor stimulations, egg retrievals, and subsequent embryo
ransfers in recipient couples. After the donor eggs were
arvested, they were frozen using the sodium-depleted slow
reezing method described by Boldt et al. (4).

Recipient couples needing donor egg IVF were given the
hoice of fresh anonymous cycles versus participating in an
RB approved study of frozen donor oocytes. Recipient
ouples choosing frozen donor eggs were screened accord-
ng to ASRM guidelines (11). The recipient man underwent
esting for HIV 1, HIV 2, hepatitis B, hepatitis C, syphilis,
ytomegalovirus (CMV), blood type, and semen analysis.
he recipient woman underwent testing for HIV 1, HIV 2,
epatitis B, hepatitis C, syphilis, CMV, blood type, rubella,
nd varicella titers.

Also, the recipient woman had her uterine cavity evalu-
ted with either a hysterosalpingogram or sonohysterogram
efore undergoing the cycle. The four recipient women were
ged 43, 43, 40, and 33 years. All had cycle day 3 FSH levels
ore than 25 mIU/mL. All four recipient men had normal

emen parameters.

The recipient woman was placed on a progressively in-
reasing number of E2 transdermal patches starting on the
rst day of her menstrual cycle without GnRH agonist or
nRH antagonist, following precisely a protocol published
y Queenan et al. (12). The recipient woman had a vaginal
onogram on cycle day 12 to insure that no spontaneous
ollicular development had occurred, otherwise the cycle
ould not go forward. The endometrial lining was measured

s well and had to be between 8 and 14 mm.

Progesterone IM injections were begun at 25 mg on the
ay of the egg thaw. Progesterone injections were increased
o 50 mg the next day and continued daily until either a
eriod started or until the 10th week of pregnancy. Pred-
isone (60 mg/d) was given for 5 days starting the day of the
gg thaw. Amoxicillin (250 mg) was given three times daily
tarting the day before the embryo transfer and continuing

or a total of 2 days. i

497.e2 Akin et al. Donor egg bank
The recipient couple was matched with frozen eggs from
suitable donor. The recipient couple decided on how many

ggs to purchase based on cost per egg along with egg
urvival and fertilization rates as published by Boldt et al.
4). For egg thawing, vials were placed in a 32°C water bath
or approximately 1–1.5 minutes until all ice crystals had
isappeared. The vial contents were emptied into a Petri
ish, and eggs were identified. The eggs were transferred to
mL of 0.5 M sucrose for 10 minutes at room temperature,

hen moved to 1 mL of 0.2 M sucrose at room temperature
or an additional 10 minutes. The sucrose solutions were
ade in a sodium-depleted media containing 12 �g/mL

uman serum albumin (HSA) (SAGE, Bedminster, NJ).
ggs were then washed through 4–6 drops of SAGE fertil-

zation media (Quinn’s Fertilization media with 0.5% HSA)
nd held for 3–4 hours until intracytoplasmic sperm injec-
ion (ICSI) (4).

Eggs were thawed on the first day of P administration to
he recipient. Eggs were deemed to have survived thawing if
he egg plasma membrane was intact and the cytoplasm of
he egg was homogeneous in appearance. Eggs surviving
hawing were inseminated by ICSI based on data suggesting

higher fertilization rate with frozen/thawed oocytes when
CSI was used (13). Injected eggs were cultured in 50-�L
rops of Quinn’s Advantage Fertilization media supple-
ented with 0.5% HSA (media and albumin from SAGE
iopharma, Bedminster, NJ), with the drops covered with
quilibrated mineral oil. Inseminated eggs were examined
6–20 hours after ICSI, with the presence of two pronuclei
aken as evidence of fertilization. Fertilized eggs were cul-
ured for 3 days in 50-mL drops of Quinn’s Advantage
leavage media with 10% synthetic protein substitute

SAGE Biopharma) under mineral oil.

All embryo transfers were done on the third day after egg
etrieval, with the number of embryos transferred based on
oth ASRM guidelines (14) and a discussion with the patient
oncerning embryo quality. Embryo transfer was performed
sing a Wallace catheter under sonographic guidance with
he after-load technique described by Neithardt et al. (15). A
regnancy test was performed approximately 2 weeks after
he egg thaw date and obstetric sonograms were performed 2
eeks later. Pregnancy was defined as presence of fetal

ardiac activity.

ESULTS
he average number of oocytes retrieved per donor was
6.6. The average number of mature oocytes retrieved and
uitable for freezing was 13.0 per donor. Only one donor
uffered mild ovarian hyperstimulation that resolved with
ed rest alone.

There was no sonographic evidence of follicular develop-
ent in any of the recipient women on the transdermal estrogen

E) replacement protocol by Queenan et al. (12) and all recip-

ents had endometrial thickness between 10 and 12 mm.

Vol. 88, No. 2, August 2007
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Detailed results on the initial four recipient cycles are
resented in Table 1. There was a thawed egg survival rate
f 76%, a fertilization rate of 74%, and a PR of 50%. For
atient number 3, there were two embryos frozen for later
se. Although she did not conceive, the embryos remain
rozen at time of publication.

ISCUSSION
he use of frozen donor eggs offers many advantages to current
ractice involving use of fresh, nonfrozen oocytes. Frozen do-
or eggs can be quarantined and the donors retested to reduce
he risk of infectious disease transmission, as is currently done
ith the frozen donor sperm banks. Use of frozen oocytes also

liminates the need for precise coordination of the donor and
ecipient cycles, which is required for nonfrozen donor egg
ycles. With nonfrozen cycles, the donor may have scheduling
ssues that arise, leading to cycle cancellation, or the donor may
imply decide to end her participation in the process. In either
ase, the recipient couple must bear the emotional and financial
ost of a cancelled cycle.

At times, donors do not stimulate as well as expected,
esulting in fewer eggs being available for the recipient.
ven proven donors sometimes do not stimulate as well as

hey did in previous cycles, yielding variable results. In some
rograms the wait for donors can be long due to a shortage
f available donors.

Furthermore, the use of frozen eggs eliminates the expense
nd complication associated with geographically bringing a
onor to a recipient’s location for stimulation and retrieval. In
he United States, as elsewhere, donors for fresh cycles often
eside hundreds of miles from the recipient and her doctor.
inally, the selection of available fresh oocyte donors is often
ore limited, particularly for certain ethnic groups. A frozen

TABLE 1
Results for four patients using frozen donor egg
bank.

Patient
1

Patient
2

No. of eggs thawed 3 7
No. of eggs surviving 2 5
No. of eggs fertilized 1 4
No. of embryos dividing 1 3
No. of embryos transferred 1 3

(2
f

Pregnant No Yes
No. of embryos with cardiac

activity
0/1 1/3

Akin. Donor egg bank. Fertil Steril 2007.
onor egg bank eliminates many of these issues.

ertility and Sterility�
Routine use of frozen donor oocytes for infertility therapy
ill require that two conditions are met: [1] success rates are
aintained that provide couples with a realistic chance at con-

eption, and [2] that there is no increase in birth defects or
hromosomal anomalies resulting from the use of frozen oo-
ytes. As for success rates, the most currently available data
rom the US Center for Disease Control on Assisted Reproduc-
ive Technology success rates is from the year 2003 (16).

In 2003, the United States average fresh donor egg PR was
0.8% live born with an average of 2.6 embryos transferred
o the recipient. These numbers are very similar to our
reliminary results for the frozen donor egg bank. With
egard to the chance for increased chances of chromosomal
nomalies or other birth defects with frozen donor eggs,
here are not enough children born to date from frozen
ocytes to quantify the risk. We estimate that about 200
hildren have been born from frozen oocytes worldwide, and
his number is too small to make a statistically valid estimate
f such risks. Although to our knowledge there have been no
eports of any major birth defects or chromosomal anomalies
n children born from frozen oocytes, and data on the lack of
pindle damage in frozen–thawed eggs is encouraging, we
ould encourage the accumulation of outcome data be main-

ained on a worldwide level.
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Focused ultrasound surgery of intramural leiomyomas
may facilitate fertility: A case report
Miriam M. F. Hanstede, M.D.,a Clare M. C. Tempany, M.D.,b and Elizabeth A. Stewart, M.D.a

a Department of Obstetrics, Gynecology, and Reproductive Biology, and b Department of Radiology, Brigham and Women’s
Hospital and Harvard Medical School, Boston, Massachusetts

Objective: To describe a successful pregnancy after a change in configuration of the endometrial cavity after
magnetic resonance imaging-guided focused ultrasound surgery (MRgFUS) for leiomyomas.
Design: Case report.
Setting: University hospital.
Patient: A 40-year-old woman with known leiomyomas and a history of secondary infertility.
Intervention: Magnetic resonance imaging-guided focused ultrasound surgery treatment of two intramural
myomas, one with a significant submucosal component.
Main Outcome Measure: Change in conformation of the uterine cavity.
Result(s): A viable intrauterine pregnancy, with full-term uneventful labor and vaginal delivery.
Conclusion(s): Magnetic resonance imaging-guided focused ultrasound surgery changed the configuration of the
endometrial cavity, and a subsequent pregnancy resulted in a term delivery. (Fertil Steril� 2007;88:497.e5–7. ©
2007 by American Society for Reproductive Medicine.)

Key Words: MRgFUS, leiomyomas, fertility, pregnancy
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terine leiomyomas (fibroids) affect approximately 25% of
omen of reproductive age (1). The association between
broids and infertility has been documented when there is
istortion of the endometrial cavity (2–5). With the advent of
ysteroscopic myomectomy, when there is an intracavitary
broid, the cavity can be normalized in a minimally invasive
ashion, thus enhancing fertility (6, 7).

However, both large, nonhysteroscopically resectable sub-
ucosal fibroids and intramural fibroids abutting the cavity

an also cause cavitary distortion. The impact of these types
f myomas on infertility and early pregnancy loss is more
ontroversial. In addition, because these fibroids require
bdominal myomectomy, the advantages of normalizing the
avity are outweighed by the morbidity of the surgery.

We report on a case where treatment of two uterine
broids by magnetic resonance imaging-guided focused ul-

rasound surgery (MRgFUS) resulted in normalization of the
ndometrial cavity, and possibly facilitated a subsequent
regnancy.

ASE REPORT
40-year-old woman with three full-term deliveries and a

istory of secondary infertility presented for treatment of
ymptomatic uterine fibroids. She had a history of leiomyo-

eceived June 20, 2006; revised November 14, 2006; accepted Novem-
ber 17, 2006.

eprint requests: Elizabeth A. Stewart, M.D., Division of Reproductive
Endocrinology, Department of Obstetrics and Gynecology, Mayo Clinic
and Mayo Medical School, 200 First Street, SW, Rochester, MN 55901
n(FAX: 507 284-1774; E-mail: stewart.elizabeth@mayo.edu).

015-0282/07/$32.00
oi:10.1016/j.fertnstert.2006.11.103 Copyright ©2007 American Soci
as for 10 years, and experienced both abnormally heavy
enstrual bleeding and pelvic pressure.

In August 2003, she enrolled in a clinical trial of MRgFUS
or treatment of uterine fibroid (8). She gave informed con-
ent for the trial, and was deemed eligible for treatment. The
rotocol stated that women should have completed child-
earing before undergoing this investigational procedure.

On preprocedure MRI with gadolinium, an enlarged
terus measuring 15.8 � 8.3 � 14.0 cm was seen. Multiple
yomas were identified, and the two myomas believed to be
ost responsible for her symptoms were targeted for treat-
ent. Both of these leiomyomas were located anterior and

eft of the endometrial cavity, causing a deviation of the
avity to the right.

The larger fibroid was located superior and to the left of
he endometrial cavity, and had a significant submucosal
omponent. The latter caused considerable compression and
istortion of the cavity. The smaller intramural myoma was
ocated inferiorly (Fig. 1A, B).

In September 2003, the patient underwent an uncompli-
ated MRgFUS treatment. Posttreatment gadolinium MR
mages indicated thermal-induced necrosis in each treated
broid.

At 6-month follow-up examination, the overall size of the
terus was unchanged, but both treated fibroids were
maller. At 1 year, the superior treated fibroid was further
ecreased in size, and the inferior one had stabilized. A
arked change in the configuration of the uterine cavity was
oted at this time (Fig. 1C, D).

497.e5Fertility and Sterility� Vol. 88, No. 2, August 2007
ety for Reproductive Medicine, Published by Elsevier Inc.
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In January 2005, a year and a half after treatment, the
atient had a viable intrauterine pregnancy confirmed by
rst-trimester ultrasound. She experienced first-trimester
aginal bleeding until 16 weeks of gestation, and was diag-
osed with diabetes mellitus type II.

Because of advanced maternal age, she underwent an
mniocentesis, which was normal. Ultrasounds were fre-
uently repeated throughout the pregnancy and showed sta-

FIGURE 1

(A) A sagittal T2-weighted MR image obtained before
larger and superior to F2. F1 also has a significant su
here. The combination of the two fibroids caused an
(arrows), so that the cervix and fundal portion of the
segment is not. (B) The coronal T2-weighted pretreat
endometrial cavity, and skew it to the right. (C) One y
weighted image demonstrates that both F1 and F2 h
But most remarkable is the repositioning of the endo
endometrial cavity can now be visualized in its entire
image, 1 year after treatment, shows shrinkage of F1

Hanstede. Can MRgFUS enhance fertility? Fertil Steril 2007.
le uterine fibroids and normal fetal development. At 39 d

497.e6 Hanstede et al. Can MRgFUS enhance fertility?
estational weeks, labor was induced. She gave birth to a
ull-term, 3,170-g boy in cephalic presentation after an un-
ventful labor and vaginal delivery.

ISCUSSION
he impact of intramural fibroids on fertility is a topic of
ontroversy (5). However, several studies demonstrated a

atment shows two major fibroids (F1 and F2). F1 is
ucosal component and indents the cavity, as seen
haped configuration of the endometrial cavity (EC)
ty are seen in this plane, but the lower uterine
t image shows that F1 and F2 are to the left of the
after treatment with MRgFUS, the sagittal T2-
decreased in size, although F1 decreased more.
rial cavity, because of the shrinkage of F1. The
the same plane. (D) The coronal T2-weighted
F2, and straightening of the endometrial cavity.
tre
bm
S-s
cavi
men
ear

ave
met
ty in
and
ecrease in implantation rates in the presence of intramural
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broids but not subserosal fibroids (5,6). There are several
iologically plausible mechanisms for this effect.

Leiomyomas may cause a mechanical barrier to implan-
ation and placentation or may physically interfere with
amete transport, vascular structures, or fallopian-tube func-
ion. Alternatively, myomas alter molecular expression in
he uterus, and may act via inflammatory modulators, angio-
enic factors, or the local endocrine milieu (9–13).

The indication for treatment of leiomyoma in this patient
as not to enhance fertility. However, if fertility had been
er desire, then given two significant leiomyomas with a
inimal intracavitary extent, most gynecological surgeons
ould not have attempted endoscopic resection with this
terus, and she would likely have faced abdominal myomec-
omy as her only fertility-sparing option.

Although abdominal myomectomy conserves the uterus, it
s associated with risks such as bleeding, infection, and
ostoperative formation of adhesions (14). In rare cases,
onversion to a hysterectomy is necessary. If a less morbid
ethod were available for treatment of these intramural and

onhysteroscopally resectable submucosal fibroids, enhance-
ent of fertility might result.

In this case, a full-term pregnancy and delivery occurred
fter a marked change in the configuration of the endometrial
avity as a result of MRgFUS, as evidenced by the appear-
nce on MRI. This is the second reported pregnancy after
RgFUS, but the first with an associated conformational

hange of the endometrial cavity (15).

Currently, outside the United States, a trial is underway
or patients with symptomatic uterine fibroids who would
ike to become pregnant after undergoing MRgFUS treat-
ent. Future large, clinical studies need to assess the corre-
ation between leiomyoma-induced infertility and precon-

ertility and Sterility�
eption treatment with MRgFUS, and whether MRgFUS is
ssociated with any risk factors for pregnancy and labor.
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Birth after intracytoplasmic sperm injection with use
of testicular sperm from men with Kartagener or
immotile cilia syndrome
Manila Kaushal, M.B.B.S., M.S., D.N.B., and Asha Baxi, M.B.B.S., M.S., M.R.C.O.G.

Department of Obstetrics & Gynecology, Disha Fertility & Surgical Center, Indore (M.P.), India

Objective: To describe a case of intracytoplasmic sperm injection (ICSI) with testicular sperm in men with
immotile cilia syndrome and to discuss the role of micromanipulation in the treatment of these patients.
Design: Case report.
Setting: Private infertility clinic and assisted reproduction unit.
Patient(s): Couple with male factor infertility due to Kartagener’s/immotile cilia syndrome.
Intervention(s): The patient’s partner underwent ICSI with testicular sperm.
Main Outcome Measure(s): Semen characteristics, sperm viability, fertilization and cleavage rate, pregnancy, and
birth after ICSI.
Result(s): With testicular sperm, the two pronuclear fertilization rates were 53%. ICSI was successful in the first
cycle. The uncomplicated pregnancy resulted in the birth of two healthy children, male/female twins.
Conclusion(s): With testicular sperm, successful oocyte fertilization after ICSI in couples with male Kartagener
or immotile cilia syndrome is possible with nonprogressive motile sperm resulting in clinically healthy offsprings.
(Fertil Steril� 2007;88:497.e9–11. ©2007 by American Society for Reproductive Medicine.)

Key Words: Kartagener’s syndrome, immotile cilia syndrome, ICSI
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artagener’s syndrome, also known as Afzelius’ syndrome
r Siewert syndrome, is characterized by bronchiectasis,
inusitis, dextrocardia, and infertility. Inheritance is usually
utosomal recessive, although other patterns have been seen
n some families (1). Incidence is 1 in 40,000.

It was first described by the Ukrainian physician A. K.
ivert. In 1933 Kartagener reported a group of cases. The
perm of men with Kartagener’s syndrome are immobile, as
re the cilia of the respiratory tract. As shown on electron
icroscopy there are ultrastructural defects. These defects

re absence of dynein arms, structures that form temporary
ross bridges between adjacent ciliary filaments and are
elieved to be responsible for generating movement in cilia
nd sperm (2). Because the cilium is constructed of 100
ifferent polypeptides, there is ample room for genetic het-
rogeneity (3). Patients with Kartagener’s syndrome are
nvariably infertile with totally immotile spermatozoa (3, 4).

Intracytoplasmic sperm injection (ICSI) is considered to
e the treatment of choice for patients with immotile sper-
atozoa (5). Intracytoplasmic sperm injection provides an

ffective treatment modality for patients, even with the se-
erest forms of male factor infertility (5, 6). Pregnancies and
ealthy births using immotile spermatozoa and ICSI have
lso been reported (7–10). This is a case of immotile cilia
yndrome, a very rare cause of male infertility and evalua-
ion of the role of ICSI in the treatment of such patients.

eceived October 20, 2006; revised November 20, 2006; accepted No-
vember 21, 2006.
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25-year-old woman presented with primary infertility of 6

ears’ duration. An infertility workup was done and was
ssentially negative. Her husband was 29 years of age. He
as diagnosed as a case of Kartagener’s syndrome with situs

nvertus and a history of recurrent respiratory infections,
hronic cough, and sinusitis. Previous semen analysis of the
usband showed complete asthenozoospermia. A semen
ample was collected by masturbation into a sterile cup.
nitial evaluation revealed a sperm concentration of 58 x
06/mL, 0% motility, and 7% normal morphology.

After two-layered Percoll gradient preparation, spermato-
oa were again observed without motility. It was decided to
erform ICSI using testicular sperms. After an ovarian stim-
lation cycle using the long protocol of GnRH analogue/
MG, 12 oocytes were retrieved. Testicular sperms were
etrieved and were incubated. After incubation, a few of the
perms showed twitching of the head. On detailed examina-
ion, few spermatozoa displayed straight nonprogressive mo-
ility with minimal lateral head displacement. These partially
otile sperms were selected for ICSI.

After ICSI, the two pronuclear fertilization rates were
3%. Four good quality embryos were obtained and were
ransferred on the third day after oocyte retrieval. Intrauter-
ne twin pregnancy was confirmed by transvaginal ultra-
onography 4 weeks later. Two healthy infants, one male and
female, free of anomalies, were born at the 37th gestational
eek by lower segment cesarean section as the first fetus had

breech presentation. Newborns were followed until 2 years

497.e9Fertility and Sterility� Vol. 88, No. 2, August 2007
ety for Reproductive Medicine, Published by Elsevier Inc.
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f age and were free of complications. None of them had
eatures of Katagener’s syndrome.

ISCUSSION
fzelius was the first to recognize that the relationship of
artagener’s syndrome to male infertility was due to immo-

ility of spermatozoa (3). This immotility is due to defects in
he dynein arms of sperm tails. Because of this, men with
artagener’s syndrome are invariably thought to be infertile.
owever, a few patients with Kartagener’s syndrome who
ere fertile have been reported (11, 12). This has been

ttributed to the heterogeneous ultrastructural defects of the
xonema, which will not necessarily result in immobilization
ut rather in the absence of effective movement. Kartagen-
r’s syndrome is thus regarded as a subgroup of primary
iliary dyskinesia, which includes asynchronous ciliary beat-
ng, reduced or excessive motility, rotating or vibrating
ovement, or random ciliary orientation. All of these fea-

ures could result in uncoordinated movement of respiratory
ilia and contribute to impaired mucociliary clearance; how-
ver, this coordination is not needed in swimming sperma-
ozoa (12). This could explain the paradoxical association
etween bronchopulmonary disease and normal fertility in
ome patients with Kartagener’s syndrome.

This case could be a variant of Kartagener’s syndrome
ith reduced motility. Detailed electron microscopy of the

esticular sperm and sperms recovered from the ejaculate
hould be done to know the type of ultrastructural defect.
his could not be done as the patient’s husband refused to
ive another semen sample.

With the advent of ICSI, fertilization and pregnancy have
een reported in patients with complete asthenozoospermia.
regnancy can be achieved with ICSI from patients with

mmotile spermatozoa, at levels comparable with those of
CSI using motile spermatozoa (9, 13, 14).

Cases have been reported in the literature where immotile
permatozoa from the ejaculate failed to fertilize mature
ocytes after ICSI (15, 16), probably due to a technical
roblem rather than the fertilizing potential of the sperma-
ozoa. IVF may be a suitable treatment for certain variants of
mmotile cilia syndrome (4). The major problem with the use
f immotile sperm for ICSI has been differentiating between
ive and dead sperm (17). The hypo-osmotic swelling test
as used for the identification of viable spermatozoa in the
ool of immotile spermatozoa for ICSI (18, 19). The hypo-
smotic solution consisted of 50% culture medium and 50%
eionized water. Use of this solution to select viable but
mmotile spermatozoa for ICSI is a simple and practical
ethod and is associated with acceptable fertilization and

regnancy rates (11). We successfully selected live sperms,
s few sperms were showing twitching movement, and twin
regnancy resulted after ICSI of these partially motile
perms.

Several reports showed that immotile spermatozoa re-

rieved from epididymis or testicle give similar or better

497.e10 Kaushal and Baxi Birth by ICSI in Kartagener’s syndro
ertilization and pregnancies rates as immotile spermatozoa
rom ejaculate (10, 15, 16). Testicular sperm for ICSI seem
o have reliable fertilization capacity in men with Kartage-
er’s syndrome, whereas ejaculated sperm, even if tested
iable, seem more unpredictable (11). However, several
nvestigators recommend the use of spermatozoa from re-
eated ejaculation in men with absolutely immotile sperma-
ozoa so as to obtain significantly better viability and fertil-
zing capacity (20). Sex chromosome aberrations among the
mbryos from men with Kartagener’s syndrome are not
ommon; couples can be offered preimplantation genetic
iagnosis before embryo transfer.

It is also demonstrated that the fertilizing capacity of
otally immotile testicular spermatozoa is better than that of
otally immotile ejaculated spermatozoa (21). This has been
ttributed to the long transit time the spermatozoa spend in
he epididymes. This increases the risk of senescent degen-
ration of spermatozoa (22).

In conclusion, ICSI seems to represent a promising ap-
roach to the problem of infertility in men with immotile
ilia syndrome. Using testicular spermatozoa in combination
ith ICSI can be an alternative treatment in cases with

otally or initially immotile spermatozoa in the ejaculate.
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Techniques for removal of the Essure* hysteroscopic
tubal occlusion device
Benjamin M. Lannon, M.D., and Shiao-Yu Lee, M.D.

Department of Obstetrics and Gynecology, Beth Israel Deaconess Medical Center, Harvard Medical School,
Boston, Massachusetts

Objective: To present two case reports of techniques for removal of the Essure (Conceptus, Inc., Mountain View,
CA) hysteroscopic tubal occlusion device.
Design: Case report.
Setting: University-affiliated teaching hospital.
Patient(s): Two women requesting removal of Essure devices because of persistent pelvic pain up to 6 weeks after
placement.
Intervention(s): Hysteroscopic and laparoscopic removal of the Essure microinserts. No institutional review board
approval was obtained because the procedures were not part of a study protocol.
Main Outcome Measure(s): Effective removal of the Essure device and resolution of pelvic pain symptoms.
Result(s): Successful removal of the device was achieved in both patients. In one case, the procedure was
performed entirely by hysteroscopy. In the other case, a laparoscopic approach was required because of a lack of
visualization of the device. Pain symptoms resolved within 2 weeks of removal in both patients.
Conclusion(s): These are the first reported cases of successful removal of the Essure tubal occlusion devices up
to 6 weeks after placement. This procedure can be safely performed with the use of hysteroscopy if the inserts
are clearly visualized. Laparoscopy is an alternative when the device is completely within the fallopian tube.
Further study is needed to assess the functionality of the tube after the procedure, as well as feasibility of removal
beyond 6 weeks. (Fertil Steril� 2007;88:497.e13–4. ©2007 by American Society for Reproductive Medicine.)

Key Words: Tubal sterilization, hysteroscopy, tubal occlusion device
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ysteroscopic tubal occlusion is a technique newly approved
y the U.S. Food and Drug Administration for permanent
terilization. The Essure (Conceptus, Inc., Mountain View,
A) device is a dynamically expanding stainless-steel and
itinol coil with polyethylene fibers indicated for this pro-
edure. It induces an inflammatory response within the fal-
opian tube, resulting in intramural fibrosis and complete
cclusion by 12 weeks (1). Studies reported outcomes and
omplications over 3 years with rates equivalent to those of
ther surgical techniques (2). Compared with laparoscopy,
ssure has been associated with decreased immediate post-
perative pain, improved patient tolerance, and reduced hos-
ital time (3). Rates of complications are minimal, and
nclude short-term dysmenorrhea (13%) and dyspareunia
9%) (4).

Because of fibrosis induced in the Fallopian tubes, the
ssure procedure is considered permanent. However, in cer-

ain circumstances (e.g., pain or a desire for fertility), rever-
al or removal may be indicated. No techniques for this have
een described in the literature. We present two cases in
hich these devices were removed for persistent pain.

eceived April 10, 2006; revised October 31, 2006; accepted November
16, 2006.

eprint requests: Benjamin Lannon, M.D., Beth Israel Deaconess Medical
Center, Department of Obstetrics and Gynecology, 330 Brookline Av-
enue, KS 319, Boston, Massachusetts 02215 (FAX: 617-667-4713;
E-mail: blannon@bidmc.harvard.edu).
rEssure, Conceptus, Inc., Mountain View, California.

015-0282/07/$32.00
oi:10.1016/j.fertnstert.2006.11.072 Copyright ©2007 American Societ
ASE REPORTS
ase 1
ase 1 was a 46-year-old woman who had the Essure inserts
laced 43 days previously. She complained of pelvic pain
mmediately after the procedure. The pain was dull and
ilateral, and did not improve with empiric antibiotic ther-
py. An ultrasound and diagnostic hysteroscopy confirmed
ppropriate placement of the inserts. Because of the persis-
ent pain, she requested removal of the devices as well as
ermanent surgical sterilization. A 5-mm hysteroscope was
sed with glycine distention media. Glycine was selected in
ase electrocautery was needed during the removal process.
he Essure coils were clearly seen extending from both of

he tubal ostia. The hysteroscopic forceps was used to gently
xtract both coils under direct visualization. The coils were
asily removed intact. A laparoscopic tubal ligation with
lectrocautery was then performed. Ten days after the pro-
edure, the patient’s initial symptoms of pelvic pain had
esolved.

ase 2
ase 2 was a 39-year-old woman who underwent the Essure
rocedure 35 days previously. Two weeks after the proce-
ure, she reported bilateral, burning pelvic pain radiating to
er back and legs. A clinical examination, ultrasound, and
aboratory studies were within normal limits. She requested

emoval of the devices as well as permanent surgical steril-

497.e13Fertility and Sterility� Vol. 88, No. 2, August 2007
y for Reproductive Medicine, Published by Elsevier Inc.
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zation. A 5-mm hysteroscope with glycine distention media
as used. During the hysteroscopy, only the coil of the

eft-sided insert was seen extending from the tubal ostia.
uring extraction with hysteroscopic forceps, the device
roke into two segments. The residual fragment was grasped
nd easily removed.

The insert at the right Fallopian tube was not visualized,
nd our attention turned to a laparoscopic approach. The
sthmus of the right fallopian tube was injected with a
olution of bupivicaine and epinephrine. A needle-point bi-
olar electrocautery device was used to make a linear inci-
ion on along the midportion of the tube, just beyond the end
f the insert. The canal was entered, and the distal tip of the
nsert was visualized. A grasper was then used to extract the
oil under gentle traction. The coil was removed in its
ntirety without difficulty. A bilateral tubal ligation was then
erformed in the usual fashion, with the use of electrocautery
ver the incised segment of the tube. Two weeks after the
rocedure, the patient’s pain had resolved.

ISCUSSION
lthough hysteroscopic tubal occlusion has several potential

dvantages over other techniques, it is considered irrevers-
ble. Certain clinical scenarios may require removal of these
evices, but no techniques have been described in the liter-
ture. In cases of desired fertility with IVF after the Essure
rocedure, a technique of hysteroscopically transecting the
isible portion of the springs was reported (5).

In the two cases described in Case Reports, we demon-
trated successful removal of the Essure device after persis-
ent pelvic pain. Pelvic pain after placement of the Essure
evice is usually transient. While approximately one third of
atients report mild abdominal or back pain in the first hour
fter the procedure, cases persisting beyond 24 hours are
are. The authors are not aware of any literature on the
revalence of persistent pelvic pain following Essure place-
ent. In our cases, we were unable to identify any specific

tiology of the pain, such as infection or improper place-
ent. In both cases, the symptoms completely resolved after

emoval of the device. In such cases, we demonstrated that
he device can be removed by hysteroscopy with gentle
raction, or by laparoscopy in cases where no coils are visible

t the tubal ostia.

497.e14 Lannon and Lee Techniques for removal of the Essure
Risks associated with this method include leaving a resid-
al fragment of the device within the tube, as well as induc-
ng tubal trauma that may not be seen on hysteroscopy. Care
hould be taken during extraction, and the device should be
horoughly inspected upon removal. With respect to possible
ccult tubal trauma, we saw no evidence of significant bleed-
ng or tubal damage on laparoscopy following hysteroscopic
emoval. In addition, according to the manufacturer, the
nserts conduct energy, and care should be taken if electro-
autery is used.

It is uncertain how long after placement the devices can be
asily removed. The degree of tubal fibrosis invoked by the
evices depends on the duration of coil placement, with
omplete occlusion by 12 weeks in most cases. Our cases
ere 6 and 5 weeks, respectively, from the original proce-
ure, and it remains unclear whether the techniques de-
cribed would be successful beyond this interval. In addition,
he functionality of the tubes following removal is unclear.
n our cases, sterilization was requested at the time of re-
oval. Further study is needed to demonstrate tubal func-

ionality following removal of the devices.

We expect that the use of these devices will increase, in
iew of their many advantages. In turn, there will likely be
n increase in requests for their removal. Further experience
s needed with retrieval techniques as well as outcomes
ollowing removal, including timing of removal and residual
ubal function. However, our initial cases indicate that for
ases of persistent pain up to 6 weeks after the procedure,
emoval by hysteroscopy or laparoscopy is possible.
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Struma ovarii coincident with Hashimoto’s thyroiditis:
An unusual cause of hyperthyroidism
Kelly Morrissey, B.A.,a Craig Winkel, M.D.,b Sheri Hild, Ph.D.,c Ahalya Premkumar, M.D.,d

and Pamela Stratton, M.D.a

a Reproductive Biology and Medicine Branch, National Institute of Child Health and Human Development, Bethesda,
Maryland; b Department of Obstetrics and Gynecology, Georgetown University Medical Center, Washington, D.C.; c Bioqual,
Rockville, Maryland; and d Department of Radiology, Clinical Center, National Institutes of Health, Bethesda, Maryland

Objective: To report the identification of struma ovarii in a patient with a history of struma ovarii and new
hyperthyroidism.
Design: Case report.
Setting: Academic research hospital.
Patient(s): A woman with hyperthyroidism who has struma ovarii coincident with Hashimoto’s thyroiditis.
Intervention(s): Laparoscopic salpingo-oophorectomy.
Main Outcome Measure(s): Measurement of thyroid hormone parameters before and after surgery.
Result(s): After removal of the second struma ovarii, hyperthyroidism resolved.
Conclusion(s): In a patient with two different causes of abnormal thyroid function, it is important to seek an
encompassing clinical scenario. (Fertil Steril� 2007;88:497.e15–7. ©2007 by American Society for Reproductive
Medicine.)

Key Words: Struma ovarii, ovarian neoplasms, hyperthyroidism
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truma ovarii is an uncommon type of ovarian teratoma,
hich is composed predominantly of mature thyroid tissue

nd which results in hyperthyroidism in less than 10% of
ases (1–3). Approximately 95% of strumas are benign, and
reoperative clinical or radiological diagnosis of struma ova-
ii is very difficult because they can be small and asymp-
omatic (1, 2). We describe an incidental finding of struma
varii first recognized on magnetic resonance imaging
MRI) as a complex mass that was removed at laparoscopy
or endometriosis. Three years later, a struma ovarii was
ound again in the same ovary and was accompanied by
yperthyroidism. The prior history of struma ovarii helped
uide the diagnosis of ovarian tumor when the clinical symp-
oms of hyperthyroidism occurred.

ASE REPORT
38-year-old woman with previous history of surgically

iagnosed endometriosis presented with a 7-year history of
orsening pelvic pain to participate in an Institutional Re-
iew Board–approved study of the treatment of endometri-
sis and chronic pelvic pain. On review of systems at the first
tudy visit, the patient related a history of intermittently
levated levels of serum thyroxine. Evaluation by an endo-
rinologist, however, indicated no thyroid abnormalities. At

eceived May 17, 2006; revised and accepted November 15, 2006.
upported by the Intramural Program of the National Institute of Child
Health and Human Development.

eprint requests: Pamela Stratton, M.D., National Institutes of Health, 10
Center Dr., MSC 1109, Building 10-CRC, Room 1-3140, Bethesda, MD
h20892-1109 (FAX: 301-480-6703; E-mail: ps79c@nih.gov).

015-0282/07/$32.00
oi:10.1016/j.fertnstert.2006.11.095 Copyright ©2007 American Societ
tudy entry, both serum thyroxine and TSH levels were
ormal.

The double-masked, placebo-controlled clinical study of
hronic pain associated with endometriosis included laparo-
copic surgical excision of endometriosis followed by treat-
ent with raloxifene or placebo for 6 months, with a second

aparoscopy when chronic pelvic pain returned or at 2 years.
efore the first surgery, a pelvic MRI was performed as a

esearch study to evaluate the utility of MRI in diagnosing
ndometriosis; a midluteal phase ultrasound was performed
or comparison later on hormonal treatment. The ultrasound
evealed two 2- to 3-cm cysts in the right ovary. One had a
erivascular pattern consistent with ovulation; the other was
omogeneous without vascularization and presumed to be an
ndometrioma. An MRI showed a 3-cm mass adjacent to a
ight ovarian cyst (Figure 1A, B).

At laparoscopy to remove endometriosis, the ovary was
obile and smooth but asymmetric, with a firm mass at one

ole. The mass was excised using a contact-tip laser (Sur-
ical Laser Technologies, The Oaks, PA) and was believed
o be benign based on its smooth mobile appearance. Bleed-
ng was easily controlled with bipolar cautery forceps. His-
ological examination was consistent with benign struma
varii. Endometriosis was also excised, and the patient was
andomized to placebo.

At the time of the study laparoscopy 2 years later to again
emove endometriosis, the right ovary was mobile and ap-
eared to be normal; thyroid function tests were also normal.

A year later, the patient had symptoms consistent with

yperthyroidism and, on examination, had a slightly en-

497.e15Fertility and Sterility� Vol. 88, No. 2, August 2007
y for Reproductive Medicine, Published by Elsevier Inc.
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arged thyroid. During evaluation, the internist placed her on
ropanolol. Serum T4 levels were elevated (16.8 �g/mL;
ormal range, 4.5–12.5), TSH (�0.40; normal range, 0.40–
.00) was completely suppressed, and antibodies to thyro-
lobulin and thyroid peroxidase were positive.

Thyroid uptake, imaging, and a pelvic ultrasound were
one. The thyroid scan was normal, and the iodine uptake
as very low, only 2%. A small thyroid nodule (0.5 cm) was

ubsequently biopsied, and histopathology was consistent
ith Hashimoto’s thyroiditis. Pelvic ultrasound showed a
-cm � 4-cm complex cystic mass in the right ovary, with an
ppearance consistent with a dermoid cyst. On transvaginal
ltrasound and pelvic examination, the right ovarian mass

FIGURE 1

(A) Sagittal T2 weighted MRI of the pelvis showing a
cyst in the right ovary. (B) Axial T2 weighted MRI of t
(arrow) and a cyst in the right ovary. (C) Hematoxylin
struma ovarii at 40� magnification with calibration ba

Morrissey. Hyperthyroidism from struma ovarii. Fertil Steril 2007.
ersisted over 3–4 months. The CA-125 level was normal. n

497.e16 Morrissey et al. Hyperthyroidism from struma ovarii
She continued to have symptoms until 4 months later
hen the T4 levels were noted to be in the high normal

ange. At laparoscopy, an ovarian tumor was again noted,
nd a right salpingo-oophorectomy was performed. Perito-
eal washings showed no malignant cells. On histological
valuation, the ovarian tissue was exclusively differentiated
nto follicular thyroid tissue and described as a benign
truma ovarii (Figure 1C). Hyperthyroidism resolved after
emoval of the ovary.

ISCUSSION
e describe struma ovarii coincident with symptomatic hy-

erthyroidism that occurred 3 years after we removed a

signal intensity solid mass (arrow) adjacent to a
elvis showing a low signal intensity solid mass

d eosin-stained photomicrograph of right ovary with
low
he p
- an
r.
onfunctioning struma ovarii during laparoscopic surgery

Vol. 88, No. 2, August 2007
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or endometriosis. This rare type of teratoma is comprised
rimarily of thyroid tissue but does not usually result in
ltered thyroid hormone levels (2). While in one series, five
f 25 patients had evidence of hyperthyroidism (3), a review
y Smith (4) placed the rate much lower, with only 17 of 152
atients having thyrotoxicosis. As others have noted, the
reoperative clinical or radiological diagnosis of struma ova-
ii is very difficult except when the tumor is very large or
here are associated changes in thyroid function (1, 3, 4). For
his patient, because of the history of struma ovarii, the early
nd accurate diagnosis was made by ultrasound.

It is exceedingly uncommon to have two simultaneous
auses of abnormal thyroid function, and this illustrates the
mportance of finding a unifying clinical scenario to explain
he laboratory and radiographic findings. Others have inad-
ertently removed the thyroid before the ovarian tumor was
ound (3). In this case, despite a recent elevation of serum T4
evels and symptoms of thyrotoxicosis, laboratory and radio-
raphic tests revealed low thyroid iodine uptake and labora-
ory markers of Hashimoto’s thyroiditis. It is possible that
he struma ovarii resulted in the formation of antithyroid
ntibodies and thus resulted in secondary thyroiditis.

Although destructive autoimmune thyroiditis can result in
yperthyroidism that spontaneously resolves, the decrease in
4 immediately after removal of the tumor combined with

he histologic findings of a struma ovarii suggest that the
varian tumor was an extraglandular cause of hyperthyroid-
sm. A radioiodine scan of the pelvis might have been useful
n diagnosing a struma ovarii producing significant amounts
f thyroid hormone (5), but one was not done.

The radiographic findings on ultrasound and MRI, before
he first surgery, of a mass adjacent to an ovarian cyst were
ttributed to endometriosis. Since endometriomas can appear
s masses, the clinical suspicion of an ovarian tumor was
ow. When the tumor was noted at surgery, the differential
iagnosis included benign solid ovarian tumors such as ter-
toma and fibrothecoma (6). On MRI, immature teratomas
nd solid mature teratomas share characteristic appearances
hat make them indistinguishable radiologically (7). While
mall cystic spaces that show either low or high signal
ntensity on MRI are characteristic of struma ovarii, a cyst
djacent to a solid mass was noted on the preoperative MRI
1, 7).

The most common ovarian teratoma, mature cystic tera-
oma, is similar to struma ovarii in that both are often
nilateral and occur in women and girls of all ages (6–74
ears) (3, 4). Unlike struma ovarii, which is difficult to
iagnose preoperatively, mature cystic teratoma may be diag-
osed radiologically because teeth, bone, and cartilage, in ad-
ition to fatty material and hair, are readily detectable with

maging techniques (8). However, it too is often discovered as

ertility and Sterility�
n incidental finding on physical examination, on radiological
xamination, or at an unrelated abdominal operation (8).

Both struma ovarii tumors arose from the same ovary and
ppeared benign, both at surgery and on histology; it is
nclear whether this is a case of recurrent or multiple struma
varii. While the risk of recurrent struma ovarii is not
nown, the risk of recurrent dermoid was reported in three of
9 women in one series who underwent ovarian cystectomy
9). Since only the ovarian tumor was removed at the first
aparoscopy, the tumor was likely persistent rather than
ecurrent. Even though the struma ovarii extended to the
argin of the ovarian tissue removed at the first surgery, the

emaining ovarian tissue appeared normal and additional
urgery was not considered. A small nest of residual tumor
as not clinically apparent at a second laparoscopy that was
erformed when the patient was asymptomatic and had nor-
al thyroid levels.

The removal of an ovarian mass at surgery performed for
ndometriosis illustrates the importance of systematic in-
pection of the pelvis and reproductive organs at operative
aparoscopy. Since we routinely obtain consent to remove
nexpected, abnormal findings that do not compromise the
atient’s reproductive function, we were able to successfully
iagnose this uncommon ovarian tumor. The persistence of
truma ovarii is also uncommon but might have been sus-
ected because of struma ovarii at the histologic margin.
ost importantly, however, because of the history of struma

varii, when the patient developed new clinical hyperthy-
oidism in the presence of Hashimoto’s thyroiditis, the di-
gnosis of ovarian tumor was made and the ovary was
emoved.
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do
Location of the embryo-transfer catheter guide
before the internal uterine os improves the
outcome of in vitro fertilization

The objective of this study was to assess whether positioning the embryo transfer (ET) catheter guide at the
time of embryo expulsion, before or beyond the internal os, has an impact on IVF cycle outcome. We
performed a retrospective study comparing IVF outcomes in relation to the ET guide position relative to the
internal uterine os. We analyzed ultrasound-guided ETs in IVF-intracytoplasmic sperm injection (ICSI)
cycles, performed with the tip of the ET catheter guide just before the internal os (group 1) and beyond the
internal os (group 2). Implantation and pregnancy rates were significantly better in group 1 than in group 2,
at 14.8% versus 11.8% and 57.3% versus 43.1, respectively. We conclude that passing the ET catheter guide
beyond the internal os reduces implantation and pregnancy rates. (Fertil Steril� 2007;88:499–503. ©2007 by

American Society for Reproductive Medicine.)
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t is well-recognized that ET is one of the critical steps
uring IVF treatment (1). Numerous factors, such as the
ndividual experience of the caregiver (2, 3), the type of
atheter, presence of a full or empty bladder, use of ultra-
ound, and the presence of blood or mucus in the catheter
4–7), have been recognized as important for successful
mbryo implantation.

Embryo-transfer catheters and the transfer technique it-
elf have been continuously evolving. Due to the imper-
ections of the culture system in the earlier years of IVF,
ygotes or two-cell-stage embryos were transferred into
allopian tubes with the use of laparoscopic techniques,
ith embryos placed into one of the fallopian tubes under
isual guidance (8).

The observation that zygotes can develop well following
heir transfer into the uterine cavity (9) led to development
f intrauterine transfer techniques. This new approach of-
ers a clear advantage in cost-savings and a lower rate of
omplications (10). Initially, intrauterine ETs were per-
ormed blindly, but transabdominal ultrasound (11, 12)
nd, more recently, vaginal ultrasound guidance have
dded more consistency to the procedure. Furthermore,
everal transfer catheters with stronger ultrasound reflec-
ion have been developed (13, 14).

The combination of a modern catheter and ultrasound
llows visual monitoring of the entire ET process, while
avigating embryo placement within the uterine cavity with

eceived July 12, 2005; revised and accepted November 3, 2006.
eprint requests: Vicente G. Abdelmassih, M.D., Department of Repro-
ductive Health, Clínica e Centro de Pesquisa em Reprodução Humana
Roger Abdelmassih, Av. Brasil 1085, CEP 01431-000, São Paulo, Brazil
w(FAX: 5511-3083-2838; E-mail: clinica@abdelmassih.com.br).

15-0282/07/$32.00
i:10.1016/j.fertnstert.2006.11.007 Copyright ©2007 American Soc
igh precision. This allows an examination of the relation-
hip between the site of embryo placement and the outcome
15, 16). It was demonstrated, for example, that optimal
esults require embryo placement within 2 cm from the
terine fundus (17). While the relative position of the tip
f the catheter has been studied, the importance of the
osition of the guide has not been determined. Because
he guide has a larger diameter than the catheter and is
ore rigid, there is at least a theoretical possibility that

ts movement within the cervix may induce uterine con-
ractions and also create a channel that would allow
mbryos to leak out. We decided to examine whether the
osition of the guide relative to internal os has an impact on
regnancy.

ATERIALS AND METHODS
atients
he charts of 408 patients attending the Roger Abdelmas-
ih Center for Human Reproduction, São Paulo, Brazil,
uring the period July–November 2003, were analyzed.
he study was approved by the Ethics Committee of São
uiz Hospital, São Paulo, Brazil. Patients were grouped
ccording to the position of the catheter guide during ET.
ransfers of cryopreserved embryos and of embryos result-

ng from oocyte donation were not included, and cases with
lood present on the catheter during the transfer procedure
ere also excluded.

timulation Protocol
atients were down-regulated with GnRH agonist (leupro-

ide acetate, Lupron; Abbott Sao Paulo, Brazil), 1 mg daily,
or an average of 14 days. Controlled ovarian stimulation

as carried out by administering recombinant FSH (Go-

499Fertility and Sterility� Vol. 88, No. 2, August 2007
iety for Reproductive Medicine, Published by Elsevier Inc.
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al-F; Merck-Serono International S.A., Geneva, Switzer-
and) in a medium dose of 300 IU/day for the first 5 days
f stimulation. This dose was adjusted to each patient,
ccording to response to the medications.

Ultrasound controls of follicle size and serum E2 deter-
ination were performed daily after 7 days of stimulation.
unique dose of recombinant hCG (Ovidrel, 250 mg;

erono) was administered SC when at least two follicles of
8-mm diameter were observed. Oocytes were recovered
y ultrasound-guided puncture 36 hours after hCG admin-
stration. Intracytoplasmic sperm injection (ICSI) was per-
ormed on all metaphase II (MII) oocytes.

ntracytoplasmic Sperm Injection and
uteal-Phase Support
ntracytoplasmic sperm injection was performed as previ-
usly described (18). Vaginal P administration started on
he day of retrieval (90 mg daily, Crinone 8%; Serono), and
as continued until assessment of pregnancy (12 days after
T). Pregnancy was assessed by serum �-hCG determina-

ion 14 days after ET. Clinical pregnancy was confirmed by
ltrasonography at 6–8 weeks of amenorrhea, and further
onitored for 12 weeks.

mbryo Transfer
mbryo replacement was carried out 3–5 days after oocyte

etrieval. Embryos were selected for transfer according to
orphology and cleavage criteria. Two hundred milliliters

f liquid were given to the patient 30 minutes before ET, to
ll the bladder. The transfer was performed with a patient
laced in the lithotomy position, without any anesthesia or
edation. After insertion of a bivalve speculum to expose
he cervix, the exocervix was cleaned of cervical mucus
ith the use of a cotton swab and a small amount of culture

IGURE 1

ransvaginal ultrasound monitored embryo transfer w
s (B). Arrows indicate the tip of the catheter.

bdelmassih. Transfer cather location and IVF-ICSI outcomes. Fertil Steril 2007.
edium. �

00 Abdelmassih et al. Correspondence
Concurrently, in the adjacent embryo culture laboratory,
mbryos were loaded into an embryo Wallace catheter
Medical Supplies, London, UK). Just before the transfer, a
ransabdominal ultrasound was performed, using the con-
ex probe (3.5 MHz) of a real-time ultrasound to evaluate
he length of the endometrial cavity, and the angle between
he internal os and the cavity, and to determine the site of
he thickest endometrial appearance.

The tip of the guide catheter was angled appropriately
or anteverted or retroverted uteri, and, after being inserted
nto the cervical canal was gently advanced, or not, through
he internal orifice under transabdominal ultrasound con-
rol. Once the guide was positioned before or after the
nternal os (Fig. 1), the inner ET catheter was advanced
hrough the canal to the uterine cavity until it was approx-
mately 1.5 cm from the fundus. At that point, the embryos
ere slowly released, and the transfer catheter and the
uide were removed 30 seconds later. The location of the
ip of the guide relative to the internal os was random.

tatistical Analysis
ata are expressed as means � SD or percentages, as

equired. Statistically significant differences were deter-
ined using Fisher’s exact test.

ESULTS
n total, 408 ETs were performed by means of ICSI cycles.
wo hundred and eighteen ETs were performed with the
mbryo catheter guide just before internal os (group 1). The
ther 190 transfers were performed with the embryo cath-
ter guide beyond the internal os, at the beginning of the
terine cavity (group 2).

There was no statistical difference between the age of
atients in both groups (group 1, mean age � SD � 34.8

the catheter guide before (A) and after the internal
F

T ith
o

5.4 years; group 2, mean age � SD � 35.5 � 6.4 years;

Vol. 88, No. 2, August 2007
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Fe
�.2). The number of embryos transferred did not differ
ignificantly (group 1, mean � SD � 3.59 � 1.10; group
, mean � SD � 3.30 � 1.12; P�.1), or the quality (A �
; Type A [cleavage rate in 48 hours: 2–4 cells; 72 hours:
–8 cells and fragmentation �10%]; Type B [cleavage

ate in 48 hours: 2–5 cells; 72 hours: 5–12 cells and
ragmentation �11 to 20%]) of the embryos transferred
Table 1). The distributions of other indications (oocytes
etrieved and fertilized) were not significantly different
etween the compared groups (Table 1).

The clinical pregnancy rate (PR) was significantly dif-
erent between groups. The group with the catheter guide
ust before the internal os (group 1) yielded a significantly
igher overall PR (group 1, 125/218, 57.3 %; group 2,
2/190, 43.1%; P�.0054). Likewise, the implantation rate
as also different: 14.8% (113/763) in group 1, versus
1.8% (75/631) (P�.11) in group 2 (Table 1).

ISCUSSION
ur data show that the positioning of the guide relative to

he internal os can influence the outcome of the IVF cycle,
ndependent of other factors. The underlying mechanism of
his finding is not clear. One potential explanation is that
he traverse of the guide through the entire os creates a
ore significant chance of microuterine contractions. In-

erestingly, it was previously shown that the duration of the
T significantly affects the PR.

A possible mechanism is the trauma induced during ET.
lso, some possible mechanisms of intrauterine contracep-

ion are based on damage to the cervix (19). Another
ossibility is that the guide inserted all the way through the

ABLE 1
Features analyzed in patients submitted to ET be

Variable
Before interna

(group 1)

Number of transfers 218
Mean age � SD (y) 34.8 � 5.4
Injected oocytes 8.1 � 3.5
Fertilized oocytes 6.8 � 3.37
Embryos transferred 3.59 � 1.10
Embryos transferred “A” 1.0 � 1.4
Embryos transferred “B” 0.5 � 0.9
Pregnancy rate 57.3% (125/2
Clinical PR 51.8% (113/2
Clinical abortion rate 15.9% (18/11
Implantation rate 14.8% (113/7
Note: Type A (cleavage rate in 48 hours: 2–4 cells; 72 hou

in 48 hours: 2–5 cells; 72 hours: 5–12 cells and fragme

Abdelmassih. Transfer cather location and IVF-ICSI outcomes. Fertil Steril 2007
s creates a wider channel, enabling embryos to escape t

rtility and Sterility�
rom the uterine cavity more easily. It was shown that
mbryos can “leak” into the vagina after transfer (20). It is
lso possible that both factors ply a role, i.e., damage to the
ervical channel, and creating an “escape tunnel” (21, 22).

Traditionally, ET has been performed as a blind tech-
ique, relying on the clinical experience of the physician
nd on previously recorded data from the uterine cavity of
he patient. It was estimated that blind ET resulted in
ouching the fundal endometria or the tubal ostia in almost
5% of cases (23).

The possible use of ultrasound guidance to facilitate ET
as first reported by Strickler et al. (11), and shortly

fterwards by Leong et al. (12). The incorporation of real-
ime visualization through transabdominal ultrasound al-
owed a more detailed exploration of the transfer technique.

Some studies suggested that an easy, nontraumatic
ransfer is essential for successful implantation and in-
reased PRs (24 –26). Woolcott and Stanger (27) re-
orted that tactile assessment of catheter placement was
nreliable, but these findings could not be replicated by
urley et al. (28), who demonstrated better results only

mong the group in which just one embryo had been
ransferred. Matorras et al. demonstrated that ultrasound
ransfer significantly improved PRs (26.3% versus 18.1%)
nd implantation rates (11.1% versus 7.5%) (16). Alterna-
ively, in a prospective study using abdominal ultrasound,
l-Shawaf et al. found no significant effect of ultrasound on
regnancy outcome (15).

Prapas et al. (29) reported that the ultrasound-guided
rocedure yielded a significantly higher overall PR, and

and after the internal os.

After internal OS
(group 2) P value

190
35.5 � 6.4 .2
8.0 � 4.2 .7
6.7 � 3.55 .7

3.30 � 1.12 .1
0.8 � 1.2 .1
0.5 � 1.0 .8

43.1% (82/190) .0054
39.4% (75/190) .01
18.6% (14/75) .69
11.8% (75/631) .11

–8 cells and fragmentation �10%); Type B (cleavage rate
on �11 to 20%).
T
fore

l OS

18)
18)
3)
63)
rs: 6
ntati
hat erforming ETs without ultrasound guidance could in-
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rease the risk of uterine contraction and embryo expul-
ion, as described by Lesny et al. (30). In addition, ET
ithout ultrasound guidance could irritate the endometrial

pithelium and start decidualization. Tomas et al. showed
hat the difficulty of ET is an independent variable as
egards the success of IVF-ICSI, and is independent of the
ubject, stimulation characteristics, or physician perform-
ng the ET. They also demonstrated that subjects with an
asy or intermediate ET became pregnant significantly
ore often than those with a difficult transfer (31). It seems

hat the endometrial trauma provoked during ET, in some
ases, could alter the endometrial state and induce uterine
ontractions.

Interestingly, Silberstein et al. did not find any statisti-
ally significant difference in patients in whom canulation
ad to be used to negotiate a difficult internal os (32). This
ontradicts our data, with no obvious explanation for the
iscrepancy. Hence more studies, and particularly prospec-
ive, randomized studies, will be necessary to clarify the
ssue.

It is likely that such variables as physician’s experience,
nd other factors that are difficult to standardize, contribute
o the lack of consensus on ET technique. Indeed, inter-
hysician variability is a sensitive subject and is rarely
eported in peer-reviewed articles (3, 5, 15). The present
tudy provides evidences of yet another previously over-
ooked variable affecting IVF outcome, demonstrating that
topping the guide before it traverses the internal os may
ncrease the PR.
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Prognostic value of human chorionic gonadotropin
changes after methotrexate injection for ectopic
pregnancy

Because early prediction of clinical outcome (one or more injections or surgery) of methotrexate treatment of
ectopic pregnancy could ease the intensity of follow-up and patient compliance required, we studied the
relationship between the change in hCG levels after methotrexate injection and outcome in 129 consecutive
patients. A 20% decline in hCG levels between days 1 and 4 during methotrexate treatment has a positive
predictive value of 97%. (Fertil Steril� 2007;88:504–6. ©2007 by American Society for Reproductive

Medicine.)

A
d

a
a
s
a
I
t
p
w
o

�
e
m
a

1

2

3

d
l

ctopic pregnancy (EP) remains frequent, and its incidence
s increasing in some countries, including France (1). It can
e diagnosed fairly early today, by monitoring hCG levels
2) and by ultrasound scans (3, 4). Patients today are most
ften identified before they have developed clinical symp-
oms, and accordingly do not require emergency surgical
reatment.

Methotrexate treatment of EP on an outpatient basis is
ffective, safe, and economical (5). Its principal disadvan-
ages are the need for follow-up until the hCG level has
eturned to normal, the patient compliance thus required,
nd the risk of the need for secondary surgery or a supple-
entary injection (5). Studies have evaluated several clin-

cal, laboratory, and ultrasound indicators of the risk of
reatment failure (6–8), but their usefulness in clinical
ractice seems limited to choosing first-line treatment. We
ought to determine what factors might make it possible to
ssess the risk of secondary surgery or supplementary
njection in patients treated with methotrexate injection by
ssessing the predictive value of the change in hCG levels
t day 4 on these risks.

Our study included 129 consecutive patients treated from
/1/2000 through 1/1/2005 for EP with a single-dose meth-
trexate protocol (5) by five gynecologists in the gynecol-
gy emergency department of La Conception Hospital,
arseille, France. We retrieved their records from a data-

ase into which all patient data were entered prospectively
uring the course of treatment. The institutional review
oard, as defined by French law, was consulted and deter-
ined that its approval was unnecessary because patients

eceived standard management without any additional, un-
sual, or innovative diagnostic or follow-up procedures.

eceived March 1, 2006; revised November 21, 2006, and accepted
November 27, 2006.

eprint requests: Aubert Agostini, M.D., Service de Gynécologie Ob-
stétrique, Hôpital La Conception, 147 Boulevard Baille, 13005 Mar-
iseille, France (FAX: 04 91 3816 73; E-mail: aagostini@mail.ap-hm.fr)
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Copyright ©2007 American Society for Reproductive Medicine,
ll patients who provided informed consent for this stan-
ard procedure were included in this study.

All patients with positive â-hCG were followed up until
n intrauterine pregnancy was documented or EP was di-
gnosed. Our hospital laboratories performed assays for
erum �-hCG concentrations. These assays were calibrated
ccording to the World Health Organization (WHO) Third
nternational Standard (code 75/537) (formerly designated
he WHO First International Reference Preparation). For
atients whose �-hCG levels were first measured else-
here, we measured them at the beginning of treatment in
ur laboratory and used the latter values for our analyses.

EP was diagnosed in cases in which �-hCG levels were
1,800 mIU/mL and no viable intrauterine pregnancy was

vident. Suspected EPs, that is, with �-hCG levels �1,800
IU/mL, were followed up in accordance with the Stovall

lgorithm (9):

. Pregnancies were considered normal intrauterine preg-
nancies if �-hCG increased �50% in 48 hours. The
patients were followed up at 48-hour intervals until the
hCG was �2,000 mIU/mL and transvaginal ultrasound
confirmed an intrauterine pregnancy.

. If �-hCG levels decreased over 48 hours, additional
serial �-hCG samples were taken and clinical status was
monitored. If decline continued, these cases were con-
sidered spontaneous abortions or EP in resorption and
were not included in the study.

. If �-hCG levels reached a plateau or increased by
�50% in 48 hours, EP was suspected. If the hCG was
�2,000 mIU/mL, dilatation and curettage was per-
formed to rule out an abnormal intrauterine pregnancy;
if the hCG was �2,000 and increasing, EP was
diagnosed.

Patients met criteria for medical treatment if their hemo-
ynamic state was stable, tubal mass (estimated as the
argest diameter of entire tube with gestation seen by vag-

nal ultrasonography) was �3.5 cm in diameter, fetal heart

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.138
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eat was absent, �-hCG was �15,000 mlU/mL, and the
atient wanted to preserve her fertility (10, 11).

EP was diagnosed from clinical data, hCG course (2),
nd ultrasound data compared, if necessary, with hCG
evels (3, 4).

Patients were not eligible for methotrexate treatment if
hey met any of the following criteria: preference for sur-
ical treatment, decreasing hCG levels, hemodynamic in-
tability, EP with cardiac activity, hepatic dysfunction,
lood dyscrasia, kidney disease evidenced by aspartate
minotransferase levels greater than twice the upper limit
f normal, a white blood cell count �1,500/mL, platelet
ount �100,000/mL, or elevated serum creatinine, that is,
1.5 mg/dL.

Our department uses the single-dose methotrexate pro-
ocol described by Stovall et al. (5). Patients received
ntramuscular methotrexate at a dose of 50 mg/m2, with the
urface area calculated from a nomogram of height and
ctual body weight. The day of injection was considered
ay 1 of the protocol. Blood samples were taken on days 4
nd 7 for quantitative serum hCG titers. If they decreased
15% between days 4 and 7, weekly monitoring continued

ntil they fell below 15 mIU/mL. If they failed to decline
y 15% between days 4 and 7 or between weekly hCG
iters, the methotrexate injection was repeated, although not
ntil tests including liver enzymes and a complete blood
ell count were repeated and found to be within the range
equired for the initial methotrexate injection. After the
econd injection, hCG titers were followed with a new day
reading. If they failed to fall appropriately after a total of
injections (all 50 mg/m2), treatment was considered to

ave failed, and surgical therapy was recommended. Pa-
ients with evidence of tubal rupture were treated surgi-
ally. Diagnosis of tubal rupture was suspected in women
onsulting for pelvic pain or hemodynamic instability with
ecreasing hematocrit values and sonographically proven
emoperitoneum in the upper abdomen or pelvis. No pa-
ient was lost to follow-up.

All patients had quantitative hCG serum titers at day 1
hCG1) and 4 (hCG4). To characterize the change in hCG
fter methotrexate treatment, we defined an hCG index: the
ifference in the hCG serum titers on day 4 and day 1,
ivided by the hCG serum titer on day 1, that is, (hCG4 �
CG1)/hCG1. This index is simply the percentage change
n hCG values between day 1 and day 4.

The receiver-operator curve was analyzed to assess the
erformance of the hCG index in discriminating between
n EP treated successfully with a single dose of methotrex-
te and an EP requiring repeat methotrexate or surgical
reatment. Methotrexate treatment was successful for 118
f the 129 women (91%), with a single injection for 104
omen and 2 injections for 14. Subsequent surgery was

eeded for tubal rupture after 11 cases: 7 with a single s

rtility and Sterility�
njection and 4 with 2. All patients who required surgery
or tubal rupture had a correct decrease of hCG quantitative
erum level between day 4 (hCG4) and day 7 (hCG7). The
CG quantitative serum titer at day 1 (hCG1) was 1,195.8

3,537.8 mUI/mL in the group treated successfully with
injection of methotrexate, 2,250.6 � 2,807.8 mUI/mL in

he group successfully treated with 2 injection of metho-
rexate, and 3,735.5 � 3,351.9 mUI/mL in the group re-
uiring surgery. The difference was not significant
P�.05).

The receiver-operator curve for the hCG index identified
n hCG index value of �0.2 (20% decrease of hCG value
etween day 1 and day 4) as the best predictor for EP
reated successfully with a single dose of methotrexate
Fig. 1). Sensitivity for this value was 0.6, specificity 0.92,
ositive predictive value 0.97, and negative predictive
alue 0.35. That is, 92% of patients who required surgery
r repeat injection had an hCG index ��0.2, and 97% of
hose with an hCG index ��0.2 were successfully treated
ith a single injection of methotrexate.

Medical treatment of EP makes it possible to avoid
urgery as a first-line treatment in many situations. Its
rincipal disadvantage is the risk that a second methotrex-
te injection or second-line surgical treatment will be
eeded, sometimes on an emergency basis. For this reason
everal investigators have tried to determine the risk factors
or failure of medical treatment. Studies have evaluated a
umber of risk factors, including clinical (history of EP,
ain), laboratory indicators (hCG value or change, proges-
erone level), and ultrasound (size of gestational sac or
ematosalpinx, cardiac activity, hemoperitoneum) indica-
ors (6–8). Some have proposed a pretherapeutic score that
ses these different indicators to assess the likelihood of

FIGURE 1

Receiver-operating characteristic curve of the
hCG index.
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uccess in the case of medical treatment (8). Finally, the
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istory of EP and hCG level seem to be the most important
isk factors (7).

After the methotrexate injection, the factor most predic-
ive of failure or of need for a second injection is the course
f the hCG level (12). Follow-up is therefore necessary
ntil the level has returned to normal. In practice, different
nvestigators suggest a variety of follow-up protocols (7,
3).

Follow-up after methotrexate injection presents two
rincipal problems: the risk of failure or the need for a
econd injection and patient compliance. Despite the risk
actors for failure reported by different investigators, it is
ifficult to inform patients sufficiently about the risk of
ailure as a function of the course of the hCG level after
njection. Some physicians consider patient compliance as
criterion for choosing between medical and surgical treat-
ent (14). It can be a real problem, depending on the

opulation concerned (15). One solution is to reduce the
umber of follow-up visits after methotrexate injection.
ur index makes it possible to reassure the patient 4 days

fter the injection, if the index is ��0.2 (decrease �20%
f hCG level between day 1 and day 4), that the risk of a
econd injection or surgical treatment is low (3%). On the
ther hand, if the index is ��0.2, we can give no prog-
ostic information. In both cases, however, patient compli-
nce with follow-up is necessary until hCG levels have
eturned to normal. The difference is the extent of the
ollow-up: a less constraining schedule is possible for pa-
ients with an index ��0.2. If the index is greater, the
tandard follow-up surveillance must continue. The utility
f this index is only to provide more appropriate informa-
ion to patients about the risk of surgical treatment or a
econd injection of methotrexate.

The value and reliability of this index must be confirmed
n clinical practice and in prospective studies by other
nvestigators who use the method of surveillance proposed
y Lipscomb et al. (7). This index can be a useful and
ractical tool for adapting surveillance after methotrexate
njection.
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A comparison of follicular response of ovaries to
ovulation induction after laparoscopic ovarian
cystectomy or fenestration and coagulation versus
normal ovaries in patients with endometrioma

In a comparison of follicular responses to controlled ovarian hyperstimulation (COH) between normal ovaries
and ovaries previously treated by different laparoscopic techniques for ovarian endometrioma in 65 patients
with unilateral endometrioma, laparoscopic ovarian fenestration and coagulation was performed in 24 cases
(group 1) and laparoscopic ovarian cystectomy in the other 41 (group 2). In 16 patients with bilateral
endometrioma (group 3), cystectomy was done in one ovary and fenestration and coagulation in the
contralateral side. The results indicate that the response of ovaries to COH after laparoscopic ovarian
cystectomy or fenestration and coagulation was the same and that there was no difference in response to COH
between normal ovaries and those operated on by the laparoscopic techniques mentioned above. (Fertil Steril�

2007;88:507–9. ©2007 by American Society for Reproductive Medicine.)
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n general, laparoscopic surgery has been considered the
ethod of choice for the treatment of ovarian endometri-

ma. However, the best laparoscopic approach for endo-
etrioma is still controversial (1–5). While two clinical

tudies have shown that postcystectomy ovaries could pro-
uce a number of follicles comparable to that of normal
varies when stimulated with gonadotropins (6, 7), others
ave suggested that ovarian cystectomy in cases of endo-
etriomas could be deleterious for residual normal ovarian

ortex (8–10). Therefore, some investigators prefer to fe-
estrate endometriomas and follow up by burning the cyst
all using a laser or electrocoagulation (8). However, most
f the above-mentioned investigations were retrospective
tudies, and in some the patients who had been operated on
ere compared with those who had not been operated on

nd who were being used as a control group, and this can
ause bias. Also, there is no controlled base study in the
iterature that compares the response of ovaries to COH
fter different methods of laparoscopic surgery for endo-
etrioma.

In a prospective randomized-design study, we compared
he ovary that had been operated on (whether by cystec-
omy or fenestration coagulation) with the unoperated con-
ralateral one of the same patients with respect to COH. In
ddition, in those patients who have bilateral endometri-
ma, the two different techniques were applied on either
ide to judge the results on each side after COH. From
anuary 2002 to September 2005, 81 patients with infertil-
ty and ovarian endometrioma that was diagnosed by trans-

eceived April 7, 2006; revised and accepted November 21, 2006.
eprint requests: Saeed Alborzi, M.D., Professor of Obstetrics and
Gynecology, Fellowship of Infertility and GYN Endoscopy, Shiraz
University of Medical Sciences, P.O. box 71345-1818, Shiraz, Iran
p(FAX: 98-711-6253291; E-mail: Alborzis@sums.ac.ir).

15-0282/07/$32.00
i:10.1016/j.fertnstert.2006.11.134 Copyright ©2007 American Soc
aginal ultrasound who were operated on by two different
echniques of laparoscopy underwent ovulation induction
ith one single method at two universities and private
ospitals. This study was approved by the Shiraz Univer-
ity of Medical Sciences Institutional Review Board.

Patients were divided into three groups: patients in
roups 1 and 2 with unilateral endometrioma underwent
enestration and coagulation or the cystectomy technique,
espectively. Group 3 patients had bilateral endometrioma,
nd ovarian cystectomy was done on one side, and fenes-
ration coagulation on the other. The number of patients
ho were referred for COH after surgery was 24 in group
, 41 in group 2, and 16 in group 3. The method of
andomization for patients with unilateral endometrioma
as computerized numbering.

Patients with bilateral endometrioma were selected for
his study only if the sizes of their endometriomas were
imilar bilaterally. Those patients with endometrioma (�3
m) and infertility and no previous pelvic operation were
ncluded in this study only if other causes of infertility had
een ruled out and if they had been referred for COH. No
atient with a previous IVF cycle was chosen for this study,
nd all patients had a body mass index within the normal
ange.

The method of laparoscopy has been described else-
here (11). All laparoscopic operations were performed by

he first author. Endometriosis was classified according to
he revised American Fertility Society (AFS) classification
t the time of laparoscopy (12, 13). All patients had day 3
SH assay before and one cycle after the operation, which
howed normal ovarian reserve.

In this study, a total of 149 cycles were evaluated. Each

atient had at least two COH cycles if pregnancy did not

507Fertility and Sterility� Vol. 88, No. 2, August 2007
iety for Reproductive Medicine, Published by Elsevier Inc.
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ccur in the first cycle. Controlled ovarian hyperstimula-
ion was performed for all of the patients with the same
ethod for at least 2 months after surgery. Clomiphene

itrate (Iran Hormone, Tehran, Iran) was started in a 100
g/daily dose from day 5 for 5 consecutive days of men-

trual cycle; hMG (Menogon; Ferring, Mannheim, Ger-
any) was injected from day 8 of menstrual cycle (2

mpules/day). Ultrasound follicular monitoring was per-
ormed from day 10 or 11 of each cycle, and when two
ollicles with an average diameter �18 mm were detected,
vulation was induced with 10,000 units of hCG, and
4–36 hours later, IUI with washed sperm was performed.
he number of mature follicles with an average diameter
18 mm developed in each ovary just before ovulation or

CG injection was noted.

Each group was comparable in terms of age, duration of
nfertility, and type of menstruation. The average age was
4.4 years in group 1, 26.2 years in group 2, and 25.7 years
n group 3. The average duration of infertility was 5.9 years
n group 1, 5.1 years in group 2, and 4.6 years in group 3.
here was no significant difference among the three groups

n operative findings such as AFS score and size of endo-
etriomas. These figures were, respectively, 43 and 3.6 cm

n group 1, 45 and 4.4 cm in group 2, and 60 and 3.8 cm in
roup 3.

The number of dominant follicles from diseased and
ormal ovaries in groups 1 and 2 were comparable. In the
hird group, there was no difference between ovarian fol-
icular responses in both sides. Between the three groups,
ata were analyzed by the Kruskal-Wallis test, and no
ignificant difference could be detected (P�.067) (Table
). There was no statistically significant difference among
he three groups with respect to pregnancy rates, which
ere 30% in group 1, 35.7% in group 2, and 28.2% in
roup 3 (P�.681). It is valuable to note that the pregnancy
ate was determined after COH in all groups, and if we had
bserved the patients for a longer duration of time and

ABLE 1
Mean number of dominant follicles achieved dur
laparoscopy for treatment of endometrioma.

Group
No. of
cycles

No. of follicles in
postcystectomy

ovariesa

N

1 40
2 70 3.2 � 1.1
3 39 2.9 � 1.1

a Values are mean � SD.
b Data were analyzed by paired t-test.

Alborzi. COH after laparoscopy for endometrioma. Fertil Steril 2007.
ore COH cycles, the pregnancy rates might have shown m

08 Alborzi et al. Correspondence
n increase and the difference could have been detected in
he three groups.

There are different ideas about the association be-
ween the type of laparoscopic technique used and the
regnancy rates in infertile women. Most of these stud-
es were retrospective and not randomized clinical trials.
owever, there are two prospective randomized con-

rolled trials comparing cystectomy of endometrioma
ith fenestration and coagulation. The first study was a

andomized controlled trial that demonstrated that the
ain and subfertility caused by ovarian endometrioma
ere improved more by cystectomy than by fenestration

nd coagulation (14). Moreover, the second one showed
hat laparoscopic cystectomy of endometriomas is a bet-
er choice than fenestration and coagulation because the
ormer technique leads to a lower recurrence of signs
nd symptoms and a lower rate of reoperation and a
igher cumulative pregnancy rate than the latter (11).

The choice of using the right laparoscopic technique
n the surgical management of endometriotic cysts for
etter response to COH remains controversial. The vas-
ular system of the gonad is important in terms of its
bility to respond to gonadotropin stimulation. That is
hy gentle and careful bipolar coagulation of the bleed-

rs after stripping the pseudocapsule during cystectomy
r after fenestration of the endometrioma is of para-
ount importance. Moreover, the surgeon should avoid

oagulation of the remaining ovarian stroma and the
varian hilus (7).

In a recent study, the response of ovaries of 40 women
132 monitored cycles) younger than 35 years of age
ho underwent cystectomy were compared with the

esponse of uninvolved normal ovaries (6). In this study,
educed follicular response in natural and clomiphene
itrate–stimulated cycles was reported but not in gona-
otropin-stimulated cycles. In another retrospective in-
estigation, 32 patients with unilateral ovarian endo-

COH after using different methods of

of follicles after
estration and

coagulation
No. of follicles in

normal ovary Pb

2.6 � 1.6 2.8 � 1.6 .15
3.2 � 1.7 .88

3.05 � 1.3 .42
T
ing

o.
fen
etrioma were previously treated with cystectomy and

Vol. 88, No. 2, August 2007
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Fe
nderwent 38 cycles of COH. This study demonstrated
hat surgery for ovarian endometrioma may damage
varian reserve. It potentially results in a poor ovarian
esponse to COH, compared with the response of the
ontralateral normal ovary in the same individual (9).
lso, another retrospective study in 32 patients and 46

ycles showed that excision of the endometriotic cyst
as associated with a significant reduction in ovarian

eserve (10).

On the other hand, one study demonstrated that laparo-
copic ovarian cystectomy of endometriomas does not af-
ect the ovarian response to gonadotropin stimulation. In
his study, 39 patients who underwent laparoscopic ovarian
ystectomy were compared with 39 patients with tubal-
actor infertility after IVF cycles (7). Another study sup-
orted this idea and showed that ovarian response to stim-
lation by gonadotropins was not reduced (15). Two other
tudies reveal that the number of mature oocytes in patients
ith endometrioma was the same between those who were
perated on and those who were not (16, 17). In fact, the
umber of oocytes retrieved from the affected ovary was
imilar to the number retrieved from the nonaffected con-
ralateral one (17). In our study, the response of ovaries
fter laparoscopic cystectomy to COH was comparable
ith the response of contralateral normal ovaries of the

ame patient in 70 cycles of COH (P�.88).

Because of these conflicts, it has been proposed that
ystectomy be replaced by fenestration and coagulation of
he inner wall of the endometriotic ovarian cyst. One study
hat compared ovarian response to gonadotropins in IVF
ycles did not show any difference in the number of oo-
ytes retrieved after different methods of laparoscopic sur-
ery for endometrioma. However, operated ovaries were
ot compared with the contralateral normal ones (15). In
ur study, the responses of one ovary to COH after fenes-
ration and coagulation and of the normal one in 40 cycles
ere the same (P�.15). There is no study that compares

ollicular response to COH in patients who had bilateral
ndometrioma and were treated with different laparoscopic
echniques. In our study, there was no difference between
varies that were operated on by the two different methods
n response to 39 COH cycles in patients with bilateral
ndometrioma (group 3; P�.42).

Overall, there is no significant difference between the
ollicular response of diseased ovaries to COH in patients
ho underwent unilateral cystectomy or fenestration-coag-
lation compared with that of contralateral normal ovaries.
n the group with bilateral endometrioma operated on by
he two different methods, the response of ovaries to COH
as the same. Therefore, it can be concluded that there is
o difference between the two methods of laparoscopy
egarding ovarian response to COH. However, more stud-
es in a larger number of patients seem to be required to

ake a certain judgment.

rtility and Sterility�
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Comparison of two doses of metformin (2.5 and 1.5
g/day) for the treatment of polycystic ovary
syndrome and their effect on body mass index and
waist circumference

Fifty-six women with body mass index (BMI) greater than 27 were randomly divided into two groups
receiving different doses of metformin (2.5 g and 1.5 g/day) for the treatment of polycystic ovary syndrome
to assess its effects on BMI and waist circumference. Although after 6 months of treatment both groups had
a significant reduction in those indices, the intergroup variation proved the higher dose to be more efficient.

(Fertil Steril� 2007;88:510–2. ©2007 by American Society for Reproductive Medicine.)
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olycystic ovary syndrome (PCOS) is a common endocrine
isorder with an incidence ranging from 5% to 10%. It
ffects women with ovarian dysfunction at menarche (1, 2).
here are three important characteristics of PCOS: hy-
erandrogenism, morphological alterations of PCOS on
ltrasound, and insulin resistance (IR) (3, 4). A significant
ercentage of patients become obese or overweight, with a
ody mass index (BMI) greater than 27, and they usually
ave IR (5). Several placebo-controlled studies assessed
he efficacy of metformin and lifestyle in the treatment of
COS with IR (6). Metformin is an antidiabetic drug of the
iguanide class and acts by increasing insulin sensitivity.
ecause of the risk of cardiovascular disease and consid-
ring the quality of life of patients with PCOS, we selected
MI and waist circumference (WC) as the two most im-
ortant parameters to be analyzed (7, 8). This study aimed
t assessing the efficacy of treatment with metformin at
osages of 1.5 and 2.5 g/day and their impact on the
bove-cited indices in patients with PCOS.

This is a prospective, randomized study. Fifty-six pa-
ients of the Endocrine Gynecology Outpatient Clinic were
elected based on the following criteria: free androgen
ndex (100 � [T/sex hormone–binding globulin (SHBG)])
reater than 8; menstrual irregularities (oligo-/amenor-
hea); Ferriman-Gallwey scale greater than 8; and the pres-
nce of polycystic ovaries (criteria by Adams et al.; 3). The
dd numbered patients, according to the order of arrival,
onstituted the 2.5 g group (receiving 2.5 g of metformin
er day), and the even patients constituted the 1.5 g group
receiving 1.5 g of metformin per day). The study did not
im to prove the efficacy of metformin but to compare its
osages; therefore, a control group was not used in this
esearch. A BMI � 27 kg/m2 was required for both groups,

eceived April 1, 2006; revised and accepted November 21, 2006.
upported by Merck SA of Brazil.
eprint requests: Ricardo Vasconcellos Bruno, Rua Aguiar, no. 11,
Apartment 702, Tijuca, Rio de Janeiro, Brazil (FAX: 55-21-3410-1246;
tE-mail: ricardovbruno@terra.com.br).
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Copyright ©2007 American Society for Reproductive Medicine,
nd the following formula was used to calculate BMI: BMI
weight(kg)/height2(m). Institutional Review Board ap-

roval was obtained, and the study protocol was approved
y the committee on ethics and research at the Institute of
ynecology of the Federal University of Rio de Janeiro.
ll patients provided written informed consents before

ntering the study.

The following blood measurements were assessed before
reatment and at 6 months of treatment: total T; SHBG;
nsulin (0, 60, and 120 minutes); fasting glycemia; and oral
lucose tolerance test—1 and 2 hours after the administra-
ion of 75 g of dextrosol. A 12-hour fasting period was
bserved before all tests, and blood was collected between
and 9 A.M. The patients had their BMI and homeostatic
odel assessment (HOMA)-IR calculated, the latter ac-

ording to the formula HOMA-IR � glucose in mmol/L �
nsulin in �U/mL/22.5. Conversion was required according
o the formula mmol/L � (mg/dL � 0.05551). In individ-
als younger than 35 years, the normal HOMA-IR value is
.0 mol � �U/L2; when HOMA-IR is greater than 2.5, IR
s well established (9). All patients were advised on healthy
ifestyle, diet, and physical exercise.

The major objective of this study was to assess whether
significant difference in the variation of BMI and WC

ccurred between both groups after 6 months of treatment.
he relative variation (in percentage) between the measure-
ents taken before the study and after the sixth month was

alculated according to the following formula: Var% (BMI
r WC) � (BMI or WC in the sixth month � BMI or WC
efore the study)/BMI or WC before the study � 100. The
tatistical analysis was performed according to the follow-
ng methods: [1] the Student t-test for independent samples,
o assess whether a significant difference existed in nu-
eric variables between the two groups before treatment;

2] the repeated-measures analysis of variance, to analyze
he evolution of the measurements (quantitative data) over

ime (four evaluations in 6 months); [3] the Bonferroni

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.133
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ultiple comparison test for repeated measures adjusted to
our moments, used to identify the differences between the
our moments; the multiple comparison test is complemen-
ary to the analysis of variance; [4] the nonparametric

ann-Whitney test, to assess whether a significant differ-
nce existed in the relative variation between the two
roups considering the measurements taken at 6 months of
reatment and before treatment. P�.05 was considered
tatistically significant. The statistical analysis was per-
ormed with the SAS System (Cary, NC).

The mean ages of the patients were 27.0 � 4.4 years and
6.3 � 5.2 years in the 2.5 g and 1.5 g groups, respectively.
he mean weights were 94.2 � 17.9 kg and 84.4 � 20.9 kg

n the 2.5 g and 1.5 g groups, respectively. Insulin resis-
ance (HOMA-IR) was analyzed in a longitudinal study to
ssess whether a significant inter- and intragroup variation
ccurred between the calculations performed before the
tudy and 6 months after treatment with metformin. Both
roups showed a decrease in the HOMA-IR indices, and
he percentile of variation was statistically significant in the
.5 g group (�23.1 � 33.6; P � .001) but not in the 2.5 g
roup (2.25 � 128.93; P �.077). The BMI in the 2.5 g
roup was initially 35.8 � 5.9 kg/m2, decreasing to 32.5 �
.6 kg/m2 after 6 months of treatment. In the 1.5 g group,
he BMI decreased from 33.5 � 7.8 kg/m2 to 32.0 � 6.6
g/m2 after 6 months of treatment. Therefore, a significant
ariation (reduction) in BMI was observed over time for
oth the 2.5 g group (P � .0002) and the 1.5 g group (P �

0001). A significant reduction was also observed in both
roups when comparing the values at 4 and 6 months and
t 2 and 6 months of treatment, as shown in Figure 1. The

C in the 2.5 g group was 105.5 � 14.7 cm before
etformin use and 97.3 � 14.3 cm after treatment. In the

.5 g group, the WC was 99.2 � 15.2 cm before metformin

FIGURE 1

BMI during treatment according to the group.

Bruno. Doses of metformin: effects on PCOS. Fertil Steril 2007.
se, which decreased to 96.8 � 13.5 cm after 6 months of

rtility and Sterility�
reatment. The WC also had a significant variation (de-
rease) over time for both groups (P � .0001, in the 2.5 g
roup; and P � .0009, in the 1.5 g group). The decrease in
he 2.5 g group was observed from the pretreatment mea-
urement to the fourth and sixth months and from the
econd measurement to the fourth and sixth months; in the
.5 g group, the decrease was observed from the pretreat-
ent measurement to the sixth month and from the second

o the sixth months (Fig. 2). The relative variation (%) in
MI for the 2.5 g group was �8.98, with a standard error

SE) of 1.09; for the 1.5 g group, the relative variation (%)
as �3.82, with an SE of 0.89, which had statistical

ignificance (P � .0001). he relative variation (%) in WC
as also statistically significant (P � 0.002), being �7.54
ith an SE of 1.58 in the 2.5 g group and �2.20 with an SE
f 0.82 in the 1.5 g group. A significant difference was
bserved in the relative decrease in BMI and WC between
he groups, that is, the decrease in the 2.5 g group was
ignificantly greater than that in the 1.5 g group.

Several studies about metformin have attributed the most
iverse actions to that drug, which increases insulin sensi-
ivity in patients with PCOS, resulting in improvement in
heir quality of life (10). The IR present in the syndrome
eopardizes the quality of life of those women with a
rediabetic status, as reported by Nestler et al. (11). Be-
ause of the progressive character of the disease, if patients
re not followed up and treated, they evolve to glucose
ntolerance and, eventually, type 2 diabetes (12). In our
tudy, we assessed two of the most important parameters to
mprove the patients’ quality of life, BMI and WC, which
irectly or indirectly interfere mainly with the risk of
ardiovascular disease (13). Metformin is a drug with an
xcellent effect on the reduction of IR, but its effect on
educing BMI and WC is still controversial. In a meta-
nalysis, Lord et al. (14) analyzed 13 studies and found no

FIGURE 2

Waist circumference during treatment according
to the group.
Bruno. Doses of metformin: effects on PCOS. Fertil Steril 2007.
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vidence that metformin reduced weight and, consequently,
MI and WC; nevertheless, they recommended that the
rug should be taken as an adjuvant to the lifestyle changes
f patients with PCOS in association with an increase in
hysical activity and controlled diet (15). A multicentric
tudy carried out by the Diabetes Prevention Program Re-
earch Group, in which patients at high risk for developing
ype 2 diabetes were followed up for almost 3 years in the
nited States, evidenced that changes in lifestyle and met-

ormin are effective in preventing diabetes (16, 17). On the
ther hand, several studies about metformin confirmed its
fficacy on IR in patients with PCOS; however, only a few
tudies compared doses, about which there has been no
onsensus (18). Maciel et al. (19) reported a better perfor-
ance of metformin in nonobese than in obese patients. It

s worth emphasizing that the nonobese group already
elonged to the overweight group because of their mean
MI, which may have contributed to the improvement in

he metabolic and hormonal indices. In the conclusion of
heir study, however, those investigators stressed the need
or further studies comparing doses. In a recent study,
arborne et al. (20) compared the doses of 1,500 and 2,550
g/day in obese patients (BMI � 30) and in patients with
orbid obesity (BMI � 40). Those investigators reported a

reater weight reduction in patients receiving 2,550 mg/day
nd concluded that the long-term effect of metformin is
etter with greater doses. Metformin plays an important
ole in reducing IR and improving the clinical condition of
atients, in accordance with the previously cited experi-
nces. We achieved our objective of comparing the doses
f metformin and confirmed that greater doses of the drug
re more advantageous to reduce BMI and WC. In conclu-
ion, patients with PCOS benefit from greater doses of
etformin, and the long-term treatment improves their

uality of life. It is worth emphasizing the need for changes
n lifestyle, but we believe that further studies are required
o better elucidate the management of such patients.
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Vascular endothelial growth factor (VEGF) and ovarian
endometriosis: correlation between VEGF serum
levels, VEGF cellular expression, and pelvic pain

Vascular endothelial growth factor (VEGF) serum levels and VEGF and cellular expression were prospec-
tively analyzed in 60 patients (group A consisted of asymptomatic patients or patients presenting mild
dysmenorrhea; 30 women comprised group B severe dysmenorrhea and/or chronic pelvic pain and/or
dyspareunia) who underwent surgery for cystic ovarian endometriosis to asses whether a correlation exists
among VEGF serum levels, VEGF cellular expression, and pelvic pain. No differences were found in VEGF
serum levels and VEGF cellular expression between both groups. Therefore, we conclude that pain symptoms
in ovarian endometriosis are not correlated with VEGF serum levels and VEGF cellular expression. (Fertil

Steril� 2007;88:513–5. ©2007 by American Society for Reproductive Medicine.)
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ndometriosis is a common gynecologic disease of unknown
tiology. The most widely accepted hypothesis for the devel-
pment of endometriosis is retrograde menstruation. How-
ver, some other factor renders certain women susceptible to
he implantation and growth of this ectopic endometrium.

Angiogenesis appears as one of the processes involved in
he pathogenesis of endometriosis (1, 2). Angiogenic factors
re increased in the peritoneal fluid of patients with endome-
riosis (3, 4), in peritoneal implants (5), and in ovarian endo-
etriomas (6, 7). On the other hand, some investigators have

ound that angiogenesis is related to pelvic pain (8).

We speculated that ovarian endometriomas in patients
resenting with pelvic pain would have more angiogenesis
han those in asymptomatic women and, therefore, their
ascular features would be different (9).

One key mediator of angiogenesis is vascular endothelial
rowth factor (VEGF) homodimeric glycoprotein, which
timulates proliferation and migration of endothelial cells
nd enhances vascular permeability (10). Although VEGF
s normally produced by various tissues in the female
enital tract, such as the endometrium, ovary, and placenta,
EGF receptors are found exclusively in endothelial cells.
ascular endothelial growth factor is involved in normal

ndometrial turnover during the menstrual cycle, and is
nder the control of ovarian steroids (11). High concen-
rations of VEGF have been reported in peritoneal liquid in
elvic endometriosis and in cystic liquid in ovarian
ndometriomata (12).

The aim of our study was to further investigate the inmu-
ohistochemical expression of VEGF in the various cell pop-

eceived April 25, 2006; revised and accepted November 21, 2006.
eprint requests: Manuel García Manero, M.D., Department of Obstet-
rics and Gynecology, School of Medicine, University of Navarra,
Pamplona, Spain 31008 (FAX: 948296500; E-mail: mgmanero@
iunav.es).

15-0282/07/$32.00
i:10.1016/j.fertnstert.2006.11.117 Copyright ©2007 American Soc
lations of ovarian endometriotic cysts and compare VEGF
erum levels in asymptomatic patients and women with pelvic
ain to determine whether this growth factor can be used as a
erum marker of endometriosis activity.

In this prospective study, 65 premenopausal women
mean age: 34.38 � 7.07) were enrolled from February
003 to February 2005.

Patients were divided in two groups according to clinical
omplaints. Group A included asymptomatic patients or
atients presenting mild or moderate dysmenorrhea, but
ithout dispareunia or chronic pelvic pain (n � 33). Group
included patients presenting severe dysmenorrhea (with

o response to conventional analgesic, treatment such as
ntiprostaglandins, and requiring bed rest) and/or dyspa-
eunia and/or chronic pelvic pain (N � 32). The degree of
ain was established using a visual analogue scale (13).

All patients provided informed consent after the nature
f the study was fully explained, and institutional review
oard approval (Clinica Universitaria de Navarra) was ob-
ained before starting the study.

Blood samples were collected from all patients before
nesthesia by venipuncture into 10-cc sterile tubes and
ere kept at room temperature until centrifugation at 400
g for 10 minutes. There were �2 hours allowed between

lood collection and processing. Serum aliquots were then
rozen at �80°C until measurement of VEGF serum levels.

Concentration of VEGF serum levels was measured using
commercially available enzyme-linked inmunosorbent assay
it (R&D Symtems, Minneapolis, MN) according to the man-
facturer’s instruction. Briefly, serum samples and standards
ere incubated for 2 hours in a microplate precoated with
urine anti-VEF monoclonal antibodies. After washing three

imes, enzyme-linked anti-VEGF polyclonal antibodies were
dded. Unbound antibodies were removed by washing. The

ntensity of the reaction was then revealed with tetramethyl-

513Fertility and Sterility� Vol. 88, No. 2, August 2007
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enzidine, and optical density was measured at 450 nm. The
ensitivy of the assay was �9.0 pg/mL. Inter- and intraassay
ariations were �10%.

All patients were surgically treated, and a definitive histo-
ogic diagnosis of ovarian endometriosis was obtained. The
resence and type of pelvic adherence, revised American
ertility Society scores, and stages were recorded (14). Sur-
ical samples were sent in formalin for histologic diagnosis.

Pathologic description of the cysts and histologic slides
ere retrieved from the archives. Representative areas of

he cyst were selected for inmunohistochemical investi-
ations. Inmunohistochemistry was performed on 5-�m
araffin-embedded tissue sections. After heat drying, sec-
ions were deparaffinized in xylene and sequentially rehy-
ratated in gradients of ethanol. After 3 washes with H2O2,
he sections were incubated overnight at 4°C with the
nti-VEGF (dil 1:100, AB-293-NA, R&D, Oxford, UK)
nd anti-CD-34 (dil:1/100, DAKO, Glostrup, Denmark).
ositive reaction was revealed by the streptoavidin–biotin–
eroxidase technique: sections were incubated with 3,3=-
iaminobenzidine (0.05 diaminobenzidine in 0.05 M Tris
uffer, pH 7.6 and 0.01% hydrogen peroxide), and coun-
erstained with Mayer’s hematoxylin. Positive controls for
he reaction were represented by paraffin-embedded sec-
ions from renal carcinoma. Negative controls were made
y substituting the primary antibody with a nonimmune
erum.

The endothelial cell reactivity for VEGF was expressed as
he mean of positive cells counted under a light microscope.
he expression of VEGF was separately evaluated in the inner

ABLE 1
Results.

Group A

Adherencesb

No 9 (30%
Smooth 5 (17%
Dense 16 (53%

AFSr Stageb

II 6 (20%
III 19 (63%
IV 5 (17%

AFSr Scorea 34.6 (28.9)
Mean VEGFc 77.71 (127)
VEGF immunoreactivityc 40.99 cells/mm2 (
a Data expressed as mean (SD).
b Tukey B test.
c ANOVA test.

García-Manero. VEGF and ovarian endometriosis. Fertil Steril 2007.
ubepithelial specialized stroma and in the outer fibrous cap- r

14 García-Manero et al. Correspondence
ule of the cysts. All counts were performed by two investi-
ators. Both had to agree on the count of VEGF positive.

From 65 patients, five cases were ultimately excluded,
ecause the histologic diagnosis was other than cystic ovarian
ndometriosis (two teratomas and three haemorragic cysts).
he presence and type of pelvic adherence, mean revised
merican Fertility Society score, and revised American Fer-

ility Society stages and sizes of endometriomas were not
tatistically different between groups (Table 1).

The mean VEGF serum levels in group A was 77.71
g/mL � 127) and in group B was 55.34 pg/mL � 61.48)
P�.65). To verify whether this observation could have
een biased by the lack of control for several possible
onfounders, the mean VEGF serum levels was adjusted
ith respect to gravidity, length of menses, infertility, and
ody mass index in a univariate general linear model (15).
sing this model, no significant difference was observed in
ean VEGF serum levels between the two groups.

The VEGF immunoreactivity was variable in the differ-
nt cyst layers and was higher in the inner layer (33.20/
m2) than in the outer layer (12.20/mm2) when all cases
ere analyzed. In the asymtomatic group, VEGF cellular

xpression was 40.99 cells/mm2 � 36.26, and in the
symptomatic group it was 37.63 cells/mm2 � 36.19
P�.67). No correlation was found between VEGF serum
evels and VEGF cellular expression (P�.33, r � 0.128).

The presence of ovarian cystic endometriosis is associ-
ted with pelvic pain in women suffering this disease (8).
n the other hand, angiogenic factors have been found

ncreased in ovarian endometriomas (6). Angiogenesis is

Group B P

.270
14 (47%)
6 (20%)

13 (33%)
.313

4 (13%)
16 (53%)
10 (33%)

44.5 (30.08) .199
55.34 (61.48) .65

6) 37.63 cells/mm2 (36.19) .67
T

)
)
)

)
)
)

36.2
elated to vascularization. Therefore, a correlation between

Vol. 88, No. 2, August 2007
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Fe
ascularization and the presence of pelvic pain might be
ssumed. Some studies assessing angiogenic activity in
ndometriosis have used either morphometric or inmuno-
istochemical techniques in endometriotic tissue (6, 16–
8). Other studies have evaluated vascular activity measur-
ng serum (15, 19) or peritoneal fluid concentrations of
ngiogenic factors, such as VEGF (1, 3).

We evaluated VEGF serum levels and VEGF cellular ex-
ression in patients diagnosed with ovarian endometriomas.
n the present study, we demonstrated for the first time that
EGF serum levels are not increased in patients presenting
elvic pain compared with those who are asymptomatic.

We conclude that although VEGF seems to play a key
ole in the local development of endometriotic lesions, the
isease is not associated with a significant modulation in
he levels of circulating VEGF, and the activity of endo-
etriosis cannot be monitored using VEGF serum levels.

Previously, some investigators assessed that angiogenic
actors are increased in the serum of patients with endo-
etriosis (18) when compared with patients without endo-
etriosis, and VEGF cellular expression is increased in

atients diagnosed with ovarian endometriosis (7).

In the present study, we analyze for the first time whether
he VEGF serum levels was higher in patients with pelvic pain
han in asymptomatic patients, and whether VEGF levels are
orrelated with the VEGF tisular expression. Our study was
lso designed for seeking correlation among VEGF cellular
xpression, pelvic pain, and VEGF serum levels.

VEGF serum levels are not higher in symptomatic pa-
ients and the VEGF cellular expression is not correlated
ith serum levels. In agreement with Artini (20), we sup-
ose that, although this factor plays an important role in
ndometriosis pathogenesis, in ovarian endometriosis, the
ngiogenetic processes are still present but probably not
ompletely mediated by VEGF.

On the other hand, and in agreement with Gotieri (7), we
ound that the cells with the highest frequency of diffuse
EGF expression were macrophages, followed by capsular
essel and subepithelial stromal cells and by epithelial cells
nd capsular fibroblasts. Our results confirm the hypothesis
hat the VEGF expression is higher in the outer layer than
he inner layer, and the outer angiogenesis would contrib-
te to cyst growth, to the fibrosing process in the capsule,
nd to the formation of adhesions.

In conclusion, pelvic pain in ovarian endometriosis disease
s not correlated with the VEGF serum levels and VEGF
ellular expression. Further investigations should be done to
valuate the microvascular density in ovarian endometriosis
nd this correlation with VEGF cellular expression to get a
etter understanding of the role of this cytokine in the forma-

ion and growth of ovarian endometriotic cysts.
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Serum anti-Müllerian hormone and inhibin B in
disorders of spermatogenesis

This study investigates circulating concentrations of AMH and inhibin B in men with azoospermia. Serum
AMH and inhibin B are significantly lower in the men with nonobstructive azoospermia compared to the
controls and the men with obstructive azoospermia, suggesting that these hormones could be markers of
nonobstructive azoospermia. (Fertil Steril� 2007;88:516–8. ©2007 by American Society for Reproductive

Medicine.)
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nti-Müllerian hormone (AMH), also known as müllerian-
nhibiting substance, is a sertoli cell-secreted glycoprotein
esponsible in male embryos for Müllerian duct regression.
he AMH and inhibin B are members of transforming
rowth factor (TGF)-� family produced by testicular sertoli
ells. Recent studies demonstrated the importance of sem-
nal AMH concentration as a marker of spermatogenesis (1,
). However, serum AMH has not been investigated in
dult men with spermatogenic disorders. In the past decade,
t has been established that sertoli cells produce inhibin B,
hich is in male circulation. Circulating levels of inhibin B

re correlated with sperm count (3), concentration (4), and
esticular volume (3). Normal spermatogenesis and im-
aired spermatogenesis are reflected in circulating levels of
nhibin B (3, 5, 6).

Among patients with spermatogenic disorders, patients
ith obstructive azoospermia and nonobstructive azoosper-
ia are currently identified using FSH concentrations.
owever, increased FSH levels (�10 mIU/mL) do not

lways confirm the absence of sperms in the testes. In such
atients, a testicular biopsy is carried out to confirm the
resence or absence of sperms. Our first objective was to
nvestigate whether circulating levels of AMH and inhibin

in nonobstructive azoospermia is altered from that of
bstructive azoospermia or the controls. Second, we stud-
ed the relationship between FSH, AMH, inhibin B, and T
n men.

The same person performed semen analysis manually
nd results were reported according to WHO (1992) crite-
ia. All groups of men had a semen analysis. Group 1 were
ormal control men with proven fertility (n � 40) attending
he antenatal clinic; group 2 were patients with obstructive
zoospermia (OA), no sperm, and normal FSH (�10 mIU/
L), n � 14; and group 3 were patients with nonobstruc-

eceived March 1, 2006; revised November 13, 2006; accepted No-
vember 21, 2006.

unded by Barking and Havering Health authority.
eprint requests: Shanthi Muttukrishna, Ph.D., Department of Obstet-
rics and Gynaecology, Royal Free University College Medical School,
86-96 Chenies Mews, London WC1E 6HX, United Kingdom (FAX:
t20-73837429; E-mail: s.muttukrishna@ucl.ac.uk).

16 Fertility and Sterility� Vol. 88, No. 2, August 2007
Copyright ©2007 American Society for Reproductive Medicine,
ive azoospermia (NA), no sperm and increased FSH (�10
IU/mL), testicular volume �15 mL, n � 17). Ethical

pproval was obtained from the Barking and Havering
ealth authority and all patients gave informed consent to
articipate in the study.

The AMH and inhibin B assays were carried out in
uplicates using enzyme immunoassays as reported previ-
usly (7). The FSH and T were measured in duplicates
sing ELISA (IBL, Hamburg, Germany). The sensitivities
f the assays were 2 mIU/mL and 0.2 ng/mL, respectively.
he intra-assay and interassay variation for both assays was
10%.

ANOVA with Dunnett’s T3 tests were carried out on log
ransformed data to test the differences between the groups,
nd Pearson’s correlation was carried out between the
roups and to study the relationship using SPSS software
SPSS Inc., Chicago, IL).

Age (mean � SD) in the controls, OA, and NA were
2.6 � 7 years, 42.6 � 9.3 years, 34 � 7.4 years, respec-
ively. Serum levels of AMH were significantly lower in
he NA men (median, 6 ng/mL; range, 1.1–10.4 ng/mL)
ompared to the control men (median, 7.3 ng/mL; range,
.4–21 ng/mL; P � .01) and OA (median, 6.4 ng/mL;
ange, 3.1–16.7 ng/mL; P�.05) (Fig. 1A). Serum inhibin B
evels were �10-fold higher in the control men (median,
54 pg/mL; range, 29–347 pg/mL) compared to the NA
en (median, 10 pg/mL; range, 10–39 pg/mL; P�.001).
he OA men (median, 124 pg/mL; range, 10–337 pg/mL)
ad significantly higher levels of inhibin B compared to
A men (P�.001) and similar levels to that of the controls

Fig. 1B). The FSH values were used as a criteria for
efining OA and NA. Therefore, as expected, serum levels
f FSH were significantly lower in the control men (3.86
IU/mL: range, 1.9–10.2 mIU/mL) compared to NA (28
IU/mL; range, 14.7–78.5 mIU/mL; P�.001). There was a

ignificant difference in serum FSH between the OA and
A groups (P�.001) as expected (Fig. 1C). Serum T levels
id not vary significantly between the four groups of pa-

ients studied (Fig. 1D).

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.110
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Fertility and Sterility�
Correlation analysis shows that overall there is a signif-
cant negative correlation between FSH and inhibin B (r �

0.8, P�.001) as well as AMH (r � �0.42, P�.001).
here is a significant positive correlation between AMH
nd inhibin B (r � 0.43, P�.001).

Previous studies have reported that AMH levels are
ndetectable in seminal fluid in all patients with obstructive
zoospermia confirming its testicular origin. Also, AMH
evels were significantly lower in patients with nonobstruc-
ive azoospermia compared to the fertile donors in seminal
uid (1). In this study, for the first time, we have investi-
ated serum concentrations of AMH in men with spermat-
genic disorders such as obstructive and nonobstructive
zoospermia. We have shown that mean serum concentra-
ions of AMH are �50% lower in men with nonobstructive
zoospermia compared to the controls and men with ob-
tructive azoospermia. There are several studies reporting
nhibin B as a marker of spermatogenesis (3, 8–10). Other
roups have also investigated the value of inhibin B in
atients who have undergone testicular biopsies and re-
orted that inhibin B is more accurate than FSH in predict-
ng the presence of testicular spermatozoa in patients with
onobstructive azoospermia (10). However, another study
as reported that in humans spermatids play an important
ole in the mechanism regulating inhibin B secretion by
ertoli cells. Inhibin B does not discriminate between ob-
tructive azoospermia and spermatidic arrest in azoosper-
ic men (8). Our data are consistent with previous studies

eporting a significant relationship between FSH and in-
ibin B and could have a higher predictive value in differ-
ntiating competent from impaired spermatogenesis for
nhibin B (3).

Classically, clinicians use FSH to identify men with
zoospermia with or without obstruction along with testic-
lar biopsies to confirm the presence or absence of sper-
atozoa in the testes. In this pilot study, we have shown

hat AMH and inhibin B could be a better marker than FSH
n predicting nonobstructive or obstructive azoospermia.
uring puberty, AMH levels decline with T production

11). However, serum AMH concentrations are signifi-
antly lower than seminal plasma in adults (12). This
uggests that, after puberty, AMH is preferentially secreted
y the apical pole of sertoli cells toward the seminiferous
umen (1). There is evidence to suggest that androgen in the
estis regulates AMH production (13). Serum T levels do
ot necessarily reflect intratesticular androgen concentra-
ion. Because sertoli cells are exposed to local, rather than
irculating, T levels, the decrease in AMH production is a
arker of elevation of intratesticular androgen concentra-

ion (13). The AMH immunoactivity occurs in sertoli cells
f the normal postnatal prepubertal testis, but it is absent in
he adult testis with normal spermatogenesis. The AMH
mmunoactivity was found in sertoli cells of tubules show-
ng spermatogenic arrest at the level of spermatogonia and
FIGURE 1

Mean � SD of serum levels of (A) AMH, (B)
inhibin B, (C) FSH, and (D) T in controls, men
with nonobstructive azoospermia and obstructive
azoospermia. Kruskal Wallis with Dunn’s multiple
comparison tests between groups. ***P�.001,
**P�.01, *P�.05.

0

3

6

9

12

15

A
M

H
 (

ng
/m

l)

0

50

100

150

200

250

300

in
hi

bi
n 

B
 (

pg
/m

l)

0

10

20

30

40

50

F
SH

 (
m

IU
/m

l)

Controls Obstructive 
Azoospermia

Non-Obstructive
Azoospermia

0

1

2

3

4

5

T
es

to
st

er
on

e 
(n

g/
m

l)

B

C

D

**
A

NS

P=0.001

P<0.001***

***

P<0.001
***

***

*

Muttukrishna. AMH and inhibin B in spermatogenic disorders. Fertil Steril
n tubules showing sertoli cell only syndrome (14). This

517



s
u
d

t
o
c
a
s
c
h
a
c
i
o
d
o
F
c
i

s
m
p
m
a
m
m

R

1

1

1

1

1

5

uggests that in sertoli cell only syndrome there is a pop-
lation of sertoli cells showing a prepubertal stage of
evelopment.

Our results show that serum AMH levels are reduced in
he men with nonobstructive azoospermia, compared to
bstructive azoospermia suggesting that it could be dis-
riminating between obstructive and nonobstructive
zoospermia groups. However, because the sample size is
mall in this study, reliable predictive statistics cannot be
arried out to confirm the value of AMH. The AMH also
as a significant negative correlation with serum FSH and
significant positive correlation with inhibin B in male

irculation, confirming a sertoli cell origin. A larger study
n patients having testicular biopsy is required to confirm
ur observation and also to investigate the combined pre-
ictive value of AMH and inhibin B in discriminating
bstructive azoospermia from nonobstructive azoospermia.
urther studies on patients undergoing testicular biopsies
ould confirm whether AMH could be specific in identify-
ng patients with or without sperms in the testis.

In summary, our data show that serum AMH levels are
ignificantly lower in men with nonobstructive azoosper-
ia compared to obstructive azoospermia. It also confirms

revious reports that serum inhibin B could be a better
arker than serum FSH in discriminating men with

zoospermia. Serum AMH and inhibin B in combination
ay prove to be better markers of nonobstructive azoosper-
ia.
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Cardiovascular risk factors are reduced with a low
dose of acarbose in obese patients with
polycystic ovary syndrome

Polycystic ovary syndrome (PCOS) is defined by menstrual irregularity, hyperandrogenism, chronic anovu-
lation, and enlarged ovaries with multiple follicles. Polycystic ovary syndrome is highly prevalent in women,
affecting up to 10% of all women of reproductive age and reducing the possibility of spontaneous conception.
In addition to altering reproductive function, PCOS has systemic implications, especially in the cardiovascular
system. Cardiovascular risk (CVR) in PCOS patient increases because of insulin resistance, elevated androgen
levels, and association with obesity. Those alterations promote cardiovascular risk factors, such as endothelial
dysfunction, elevated homocysteine levels, left ventricular hypertrophy, and reduced high-density lipoprotein
(HDL) cholesterol (1). (Fertil Steril� 2007;88:519–22. ©2007 by American Society for Reproductive

Medicine.)
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electin is a family of cell adhesion molecules with leukocyte-
hemotactic properties which contribute to atherogenesis.
-Selectin is part of this family and is expressed in the
ndothelium overlying atherosclerotic plaques, leading to
ndothelial dysfunction and increased CVR (2).

In recent years, many drugs that improve insulin sensi-
ivity have been used to treat PCOS patients. Metformin
as been extensively studied but has some adverse effects
hich limit its use; therefore, studies on other agents that

ct on insulin sensitivity are necessary. Acarbose is an
-glucosidase inhibitor which acts by reducing and slowing
own the intestinal absorption of glucose, with a reduction
f the postprandial wave and a consequent reduction of
nsulin secretion (3). Acarbose administered to obese pa-
ients with PCOS promotes a decrease in free androgen
ndex and body mass index (BMI) and an increase in
HBG, with improvement of hirsutism and menstrual pat-

ern (4). The objective of the present study was to assess
arkers of CVR, such as lipid profile, arterial pressure, and

dhesion molecules, after use of acarbose in obese patients
ith PCOS.

A prospective randomized double-blind study was con-
ucted on 30 obese patients with PCOS and insulin resis-
ance who were treated with 150 mg/day acarbose or pla-
ebo for 6 months. The inclusion criteria were: menstrual
isorders (less than 6 menstruations in 12 months), clinical
r laboratory hyperandrogenism, BMI 30–40 kg/m2, and
nsulin resistance. The exclusion criteria were alterations of
epatic, thyroid and renal function, hyperprolactinemia,
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B14049-900 (FAX: (16) 3633-1028; E-mail: raferria@fmrp.usp.br).
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i:10.1016/j.fertnstert.2006.11.073 Copyright ©2007 American Soc
ongenital adrenal hyperplasia, diabetes, and the use of
ormonal medications or medications that might interfere
ith carbohydrate metabolism over the preceding 6
onths.

The project was approved by the Research Ethics Com-
ittee of the Gynecology Institute of the Federal Univer-

ity of Rio de Janeiro, and all patients signed an informed
onsent form. The patients were assigned by computer
andomization (StatMate; GraphPad, San Diego, CA) into
wo groups of 15 patients each, taking either 50 mg acar-
ose or 50 mg placebo 3 times a day for 6 months. The
atients underwent clinical (number of menstrual cycles,
erriman–Gallwey hirsutism index) and anthropometric
weight, height, BMI, and blood pressure) evaluation be-
ore and after treatment.

We analyzed the following laboratory tests before and
fter treatment: total cholesterol, very low-density lipopro-
ein (VLDL) cholesterol, LDL cholesterol, HDL choles-
erol, and triglycerides (Roche Unimat 5 kit; Roche Diag-
ostics, Basel, Switzerland) and P-selectin (Duo-set
LISA, R&D Systems, MN). A glucose tolerance test

GTT) was performed 3 days after a diet containing 300 mg
arbohydrates, with ingestion of glucose (75 g Dextrosol;
ita, Rio de Janeiro, Brazil) and venipuncture at 0, 30, 60,
0, and 120 minutes and analysis of the areas under the
nsulin and glucose curves. Glycemia was determined by
he enzymatic colorimetric glucose oxidase test (Merck-
iotrol, São Paulo, Brazil). Insulinemia was determined by
IA (Coat-a-Count; DPC, Los Angeles, CA).

Using Bayesian methodology, we adjusted the pre-
reatment value of VLDL cholesterol and triglycerides for
he equation. To determine simultaneously the within- and
etween-group variations, considering the borderline size
f the sample and high variability of the data, we used

ayesian methodology with noninformative prioris and the

519Fertility and Sterility� Vol. 88, No. 2, August 2007
iety for Reproductive Medicine, Published by Elsevier Inc.



W
C

t
o
t
a
d
s

l
i
w
r
p
a
d
p
c
c

o
a
l
p
P

P
t
l
a
d
i
o
T
c
c
w

m
t
e
t
i

t
e
e
e
r
s
t
s

5

inburg software, version 1.3 (MRC Biostatistics Unit,
ambridge, UK, for statistical analysis).

Among the 30 patients selected, we excluded two from
he acarbose group (one abandon and one pregnancy) and
ne from the placebo group (abandon), with no cases of
reatment intolerance. Four patients in the placebo groups
nd eleven in the acarbose group presented mild abdominal
istention and flatulence, and all reported a reduction in
ide effects after the first 3 months.

Before treatment, excluding VLDL cholesterol and trig-
ycerides, the groups did not show any differences regard-
ng any of the clinical or laboratory parameters. Compared
ith pretreatment values, the acarbose group presented a

eduction in P-selectin levels, diastolic and systolic blood
ressure, BMI, VLDL cholesterol, and tryglyceride levels and
n increase in HDL cholesterol, whereas the placebo group
id not show any difference between the pre-treatment and
ost-treatment values for any parameter analyzed. No
hanges occurred in the area under the insulin and glucose
urves after the GTT (Table 1).

We recorded a significant reduction of P-selectin in
bese hyperinsulinemic PCOS patients with a low dose of
carbose treatment for 6 months. There are no data in the
iterature about the concentration of P-selectin in PCOS
atients, nor are there any studies about the reduction of
-selectin in PCOS patients with any type of treatment.

ABLE 1
Clinical and metabolic characteristics of the pati
after treatment with acarbose for 6 months.

Pla

Before
(n � 15)

Age (yrs) 25.93 � 1.83
BMI (kg/m2) 35.04 � 2.84
Total cholesterol (mg/dL) 186.86 � 33.96
VLDL cholesterol (mg/dL) 21.07 � 8.23
LDL cholesterol (mg/dL) 133.43 � 33.37
HDL cholesterol (mg/dL) 38.07 � 7.78
Triglycerides (mg/dL) 108.00 � 41.60
Systolic blood pressure (mm Hg) 126 � 9.3
Diastolic blood pressure (mm Hg) 84.3 � 11.1
P-Selectin (ng/mL) 97.6 � 8.8
Area under the glucose curve

after the GTT (mg/dL)
16,057 � 3,472

Area under the insulin glucose
curve after the GTT (�IU/mL)

16,909 � 8,167

Note: Variables are given as mean � SD. BMI � body ma
lipoprotein; LDL � low-density lipoprotein; VLDL � ver

* P�.05, before and after treatment in acarbose group.
Penna. Cardiovascular risk with polycystic ovary syndrome. Fertil Steril 2007.

20 Penna et al. Correspondence
-Selectin is an adhesion molecule associated with endo-
helial dysfunction. Ridker et al. (2) reported a high corre-
ation between P-selectin and coronary events. Acarbose is
n �-glucosidase inhibitor that forms a reversible and dose-
ependent bond with the oligosaccharide site of �-glucosidase
n the small intestine, thereby reducing the postprandial peak
f glycemia by 20% and preventing glucidic toxicity (5).
he reduced glucose absorption leads indirectly to an in-
rease in glucagon-like peptide 1, which acts on the satiety
enter of the brain, reducing appetite and facilitating
eight reduction (6).

The lowest dose of acarbose with clinical effects is 150
g/day; doses greater than 300 mg/day exceed the satura-

ion of the �-glucosidase receptor and do not increase drug
ffectiveness (7, 8). Dosage is an important aspect of
reatment, because side effects, such as flatulence, meteor-
sm, and abdominal distention, are dose-dependent.

Although there are no data relating PCOS and P-selectin,
here are some studies about the use of acarbose and
ndothelial function. An experimental study by Schäfer
t al. (9) showed reductions in P-selectin concentration and
ndothelial dysfunction with the use of acarbose in Zucker
ats with impaired glucose tolerance. Delorme and Chias-
on (10) provide a meta-analysis of seven major studies on
he use of acarbose in the treatment of diabetes. Those
tudies showed that acarbose treatment was associated with

with polycystic ovarian syndrome before and

o Acarbose

After
(n � 14)

Before
(n � 15)

After
(n � 13)

26.69 � 1.46
34.77 � 3.33 35.87 � 2.60 33.10 � 2.94*
85.80 � 39.20 198.80 � 53.40 200.50 � 48.70
22.86 � 8.14 31.31 � 15.56 26.85 � 16.55*
27.93 � 34.95 133.70 � 48.00 135.00 � 40.70
36.71 � 7.21 35.15 � 6.69 38.00 � 8.49*
16.00 � 40.70 155.10 � 81.70 136.20 � 83.40*

127 � 8.0 121 � 11.4 113 � 8.5*
85.5 � 9.3 86.2 � 8.0 78.2 � 11.1*
99.4 � 8.4 99.3 � 10.0 91.3 � 9.6*

5,377 � 3,045 15,173 � 3,804 15,194 � 3,116

5,692 � 5,252 17,090 � 6,469 13,845 � 5,976

dex; GTT � glucose tolerance test; HDL � high-density
-density lipoprotein.
T
ents
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35% reduction in CVR, the mechanism for which was
elated to decreased oxidative stress induced by postpran-
ial glycemic peak. Increased plasma osmolarity during the
lucose peak may be associated with endothelial disfunc-
ion (11), and a 49% reduction in CVR and 91% reduction
n myocardium infarction has been reported in impaired
lucose tolerance and type 2 diabetes patients after using
carbose (12).

Additionally, weight loss is probably more important
han glycemic control in regulating circulating levels of
nflammatory biomarkers such as P-selectin in morbidly
bese subjects (13, 14). The reduction in BMI was a
eterminant of the results of the present study and may
xplain in part the decrease in P-selectin, because no im-
rovement in insulin resistance or in the area under the
nsulin curve was observed. However, the present study is
he only one conducted exclusively on obese patients, and
he results agree with those reported on the effects of
etformin on very obese women, suggesting a synergism

f physiopathologic conditions (i.e., obesity and insulin
esistance) (15).

The relationship between blood pressure and cardio-
ascular events is well known. Hypertension is one of
he most common causes of stroke and myocardium
nfarction. We recorded in the present study a significant
eduction in both diastolic and systolic pressure with a
ow dose of acarbose. Obesity is a cause of hypertension.
owever, although only a few patients in the present

tudy had hypertension, the majority were obese with
ormal blood pressure. The reduction of blood pressure
ith a low dose of acarbose may be related to reduced
MI. Zeymer (12) reported a 34% reduction in hyper-

ension in impaired glucose intolerance and type 2 dia-
etes patients with acarbose.

The present study showed a reduction in triglycerides
nd VLDL cholesterol levels in the acarbose group. There
s a well known relationship between bad lipid profile and
ardiovascular disease. Triglyceride levels were higher in
bese PCOS patients than in normal-weight women with-
ut PCOS. There are two possible causes for this phe-
omenon: insulin resistance and glucose toxicity (16).
he present data demonstrated a decrease in triglycerides
ith a low dose of acarbose, and these results are similar

o what other studies of diabetes mellitus patients have
eported (17).

The reduction in triglycerides with the use of acarbose is
elated to the decreased glucose peak and glucose toxicity,
ith a consequent reduction of hepatic lipogenesis (3).
wo other changes in the lipid profile were reported in the
resent study—VLDL cholesterol and HDL cholesterol—
ut neither was clinically significant after treatment. The
ncrease of HDL cholesterol was not clinically significant,
nd this result is similar to that in existing literature about

se of acarbose in diabetes mellitus patients.

rtility and Sterility�
Finally, the present study suggests that the effects of
carbose in obese patients with PCOS could be useful
ot only for the treatment of clinical hormonal alter-
tions associated with the syndrome but also as an
mportant tool in the prevention of cardiovascular dis-
ase in these patients.
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Sperm selection by swim-up in terms of
deoxyribonucleic acid fragmentation as measured by
the sperm chromatin dispersion test is altered in
heavy smokers

Toxic habits and their relationship with male factor infertility have been a matter of investigation in recent
years, and smoking is one of the most common lifestyle toxic exposures to harmful substances. The analysis
of sperm deoxyribonucleic acid fragmentation after capacitation detected a detrimental effect produced by
tobacco, and this deleterious effect alters the sperm swim-up selection process in smokers, although the
molecular and cellular basis of this phenomenon remain to be elucidated. (Fertil Steril� 2007;88:523–5. ©

2007 by American Society for Reproductive Medicine.)
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ale factor infertility and its relationship with toxic habits
as been a matter of investigation in recent years. Cigarette
moking is one of the most common toxic habits in mem-
ers of the general population within reproductive age and
s potentially able to induce deleterious effects on gametes.

One clear and well-established effect of smoking habits
n sperm recently has been published by our group (1). A
ensitive bias in the male-female ratio has been confirmed
n embryos obtained with spermatozoa from smokers: in
ale heavy smokers, the XY-XX embryo ratio was de-

reased compared with that in nonsmokers.

Recently, the sperm chromatin dispersion test has been
eveloped to determine sperm DNA fragmentation extent
2, 3). Previous work based on the sperm chromatin dis-
ersion test in sperm samples before and after swim-up
reatment found a significant negative correlation with fer-
ilization rate and embryo quality, whereas no predictive
alue was found for pregnancy, probably because of em-
ryo selection before transfer (2). On the other hand, sperm
NA fragmentation did not predict pregnancy outcome in

UI (3). Interestingly, these conclusions were found only
fter the analysis of the post-swim-up fraction, and are
specially relevant given that merely the study of the ca-
acitated sample is in fact useful for drawing conclusions
bout the cycle’s outcome, and that this is the sperm
raction used on the assisted reproduction. It must be
tressed that many studies about DNA fragmentation pre-
ented results based only on the analysis of the ejaculated
perm (4, 5), thus not being representative.

eceived April 7, 2006; revised August 16, 2006; accepted November
21, 2006.

upported by Xunta de Galicia grant PGIDIT 04BTF916023PR.
eprint requests: Thamara Viloria, Ph.D., Instituto Valenciano de Infer-
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ratory, Plaza de la Policía Local 3, Valencia 46015, Spain (FAX:
w34-96-305-0999; E-mail: tviloria@ivi.es)
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A potential cause of DNA fragmentation is the exposure
o environmental toxins, and some of these toxins could be
roduced by cigarette smoking. The relationship between
igarette smoking and the DNA fragmentation damage in
he spermatozoa was investigated by some groups. Sergerie
t al. (4) reported no association between smoking and
NA fragmentation, and Belcheva et al. (5) found that
NA damage in the spermatozoa of smokers were in-

reased, although this difference was not statistically sig-
ificant.

Our goal with this study was to investigate the associa-
ion between cigarette smoking and sperm DNA fragmen-
ation in infertile couples undergoing assisted reproductive
echnology analyzed by the sperm chromatin dispersion
est before and after the swim-up sperm selection procedure
n cases in which no severe male factor infertility is found.

ATERIALS AND METHODS
emen samples were obtained from male partners of cou-
les who went to the Instituto Valenciano de Infertilidad,
alencia, Spain, for infertility treatment. After the men

ompleted a questionnaire to discard compounds known to
ffect sperm quality, they were accepted for this study.
atients with alcohol and/or drug consumption in the pre-
ious 3 months were not eligible for this study. Also,
atients were excluded if they had a history of a recent
ever or exposure to gonadotoxins such as chemotherapy,
adiotherapy, pesticides, or occupational exposure to heavy
etals. Andrological investigations about the presence of

aricocele, testicular torsion, and any other alteration in the
enital urinary tract were also conducted, and all were
xcluded.

A total of 99 men provided 99 semen samples to be
nalyzed between April 2003 and September 2004. Median
ge was 36 years old (range 26 to 49 years). Sperm samples

ere accepted only with a count of �25 million/mL and

523Fertility and Sterility� Vol. 88, No. 2, August 2007
iety for Reproductive Medicine, Published by Elsevier Inc.
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5% progressive motility to remove severe male factor
nfertility.

All of the men signed an informed consent form, and the
tudy was approved by the Ethics Committee of the Insti-
uto Valenciano de Infertilidad.

Patients were asked about smoking habits, specifically,
he number of cigarettes smoked per day in a constant
anner within the last 3 months before they provided the

ample. The average was categorized into two groups,
onsmoking men (n � 51) and smoking men (n � 48)

Sperm parameters were evaluated according to the
orld Health Organization guidelines as described else-
here (4), and all samples were processed by swim-up.
etermination of DNA fragmentation was done by the

mproved sperm chromatin dispersion test (Halosperm kit,
NDAS Laboratories, Madrid, Spain); two semen aliquots
from 10 to 100 �L) were taken from each semen sample
efore and after swim-up.

The results from the Kolmogorov-Smirnov test per-
ormed on all data followed a normal distribution, then a
evene test was used for equality of variance, and com-
arisons among sperm DNA fragmentation in the two study
roups were performed in the samples before and after

IGURE 1

esults of DNA fragmentation in sperm samples befo
tatus. The percentage of DNA fragmented sperm is

iloria. Sperm DNA fragmentation in smokers. Fertil Steril 2007.
wim-up by Student’s t-test. o

24 Viloria et al. Correspondence
ESULTS
he DNA fragmentation in sperm samples before swim-up
ccording to cigarette smoking showed no statistical dif-
erences between the two groups studied. Consequently,
onsmoking men and smoking men had similar sperm
ragmentation levels (Fig. 1).

Figure 1 also shows the results of DNA fragmentation in
perm samples after swim-up according to cigarette smok-
ng. Comparisons between these groups showed that sperm
NA fragmentation in the men who smoked were in-

reased with respect to those who did not smoke (P �
028), thus showing impaired DNA quality among smokers
n comparison with nonsmokers.

ISCUSSION
he mechanism by which tobacco could affect sperm is not

ully understood, and there are controversial reports about
he effects of cigarette use on human seminal quality and
ale factor fertility in the literature, but given that it

ontains more than 30 chemical agents known to be muta-
ens, aneugens, or carcinogens, the interaction of tobacco
ith the rapidly dividing spermatogenic cells could be

ffecting their physiological development. Nicotine is one

nd after swim-up according to male smoking
wn in a box plot fashion.
F

R re a
s sho
f the major hazardous components of tobacco, responsible
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Fe
or most of the deleterious effects of cigarette smoking that
re exerted on other human tissues (6).

First, we performed the sperm chromatin dispersion test
n the raw samples, and our results of DNA fragmentation
n the two groups of men studied according to cigarette
moking were comparable. Saleh et al. (7) studied this
ssociation on infertile men and reported that differences
mong the groups of infertile smokers and infertile non-
mokers were not statistically significant. Nevertheless,
hey found that infertile smoking men had higher levels of
eminal oxidative stress than infertile nonsmokers. This
dds strength to our results, and reinforces the hypothesis
hat the effects exerted by several detrimental alterations
ffecting male gametes can be cryptic in the ejaculate, but
t is noticeable in the sperm selection by swim-up. It must
e noted that the sample used in any assisted reproductive
echnology is previously handled in the laboratory for the
limination of seminal plasma and nonspermatic cells and
he selection of the best spermatozoa (better motility and
orphology), mimicking the procedures within the female

eproductive tract in natural conditions. In our preceding
ork (2, 3), we found that the fertilization rate and some

ndicators from embryo quality are related to the extent of
perm DNA fragmentation after swim-up, we get similar
esults of our actual work, therefore it seems that determi-
ation of DNA fragmentation must be performed in a
ostisolation aliquot.

Previous studies (4–7) on DNA fragmentation and to-
acco consumption analyzed either fresh semen or capac-
tated spermatozoa independently, but no study included
ur design, the comparison of prepreparation and post-
reparation samples. Regarding the laboratory handling,
he study by Belcheva et al. (5) has analyzed the relevance
f sperm preparation in the percentage of sperm cells with
ragmented DNA. They studied normozoospermic donors
ith previous Percoll isolation and concluded that DNA

ragmentation of spermatozoa of healthy smoking donors
emained in the normal range. However, they observed that
obacco smoking induced deterioration in the sperm cell
lasma membrane.

The analysis of sperm DNA fragmentation in ejaculated
resh samples masks the real detrimental effect of tobacco
ecause no differences regarding consumption are found,
eading to the incorrect assumption that tobacco has no
nfluence on sperm DNA fragmentation. After capacitation,

e can detect the detrimental effect produced by tobacco.

rtility and Sterility�
his deleterious consequence affects the sperm selection by
he interference within the swim-up procedure, showing
hat tobacco selectively alters the sperm swim-up capaci-
ating ability of smokers. The molecular and cellular basis
f this phenomenon remain to be elucidated; it is possible
hat DNA fragmentation (as a continuous process) also is
roduced after ejaculation, and is probably increased in
moking patients in cells that are minimally fragmented
medium-size halo) and became totally fragmented after
ncubation for 1 hour in the capacitation process. Based on
he evidence reported in this article, quitting smoking is
dvisable in men attempting to reach parenthood.
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Expression of CD9 in frozen–thawed mouse oocytes:
preliminary experience

CD9 mRNA and protein expression levels in mouse slow frozen–rapid thawed oocytes were compared with
those in fresh oocytes by using comparative quantitative real time reverse transcription–PCR and semiquan-
titative Western blot, respectively. The expression levels of both CD9 mRNA and protein in the frozen oocytes
were significantly lower than those found in the fresh oocytes. (Fertil Steril� 2007;88:526–9. ©2007 by

American Society for Reproductive Medicine.)
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ryopreservation of human oocytes has recently become
n attractive addition to the therapeutic arsenal offered
y assisted reproductive technology. Oocyte cryopreser-
ation provides an alternative in situations in which
here are ethical, legal, moral, or religious concerns
bout embryo freezing. However, its widespread use in
linical practice is limited by low survival and poor
ertilization rates after thawing. Oocyte freeze–thaw cy-
les can cause extensive disorganization of ooplasm and
amage to the meiotic spindle and the zona pellucida, as
ell as loss of selective permeability in the plasma
embrane (1– 6). However, molecular-level investiga-

ions on the damage to oocytes resulting from freezing
nd thawing are largely lacking.

CD9, a member of the tetraspanin protein family, is
xpressed widely on animal cell membranes (7, 8). Al-
hough it is involved in a variety of functions, the only
bnormality found in CD9-deficient mice is female infer-
ility. Several groups have recently suggested that CD9
ay be essential for sperm–oocyte fusion (9–12). Further-
ore, intracytoplasmic sperm injection in these oocytes has

een shown to override CD9 and allow fertilization to
ccur at rates equal to that of fresh murine oocytes (13, 14).
espite these similarities in oocyte behavior of cryopre-

erved oocytes and oocytes from CD9 knockout mice, the
ffect of cryopreservation on CD9 expression in frozen–
hawed oocytes has not been evaluated. Therefore, we
ought to investigate changes in CD9 expression in meta-
hase II mouse oocytes induced by slow freezing–rapid
hawing compared with CD9 expression in fresh, control
ocytes.

This animal study was approved by the Administrative
anels on Laboratory Animal Care of Stanford Univer-
ity. Cumulus– oocyte complexes were collected at 16 h
fter hCG (human chorionic gonadotropin; Sigma, St.

eceived May 9, 2006; revised and accepted November 27, 2006.
eprint requests: Yan Wen, M.D., Department of Obstetrics and Gyne-
cology, Stanford University School of Medicine, 300 Pasteur Drive,
HH-333 MC5317, Stanford, California 94305-5317 (FAX: 625-723-
q7737; E-mail: yanwen@stanford.edu).

26 Fertility and Sterility� Vol. 88, No. 2, August 2007
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ouis, MO) injection from superovulated 6-week-old
emale B6C3F1 mice into human tubal fluid medium
ith 10% serum protein supplement (SAGE IVF, Trum-
ull, CT). The cumulus cells were removed by exposing
ollected oocytes to PBS (Dulbecco’s phosphate-buff-
red solution; Invitrogen Corporation, Carlsbad, CA)
ontaining 80 U/mL of hyaluronidase (Sigma) for 5
inutes at 37°C. Eight hundred MII mouse oocytes were

andomly allocated to fresh control (n � 200) and slow
rozen (n � 600) groups. The oocytes were cryopre-
erved using Fabbri’s slow freezing-rapid thawing
ethod (15). 1,2-Propanediol (PrOH) was used as a

ryoprotectant. Straws with frozen oocytes were plunged
nto and stored in a liquid nitrogen tank for 1 week. To
emove cryoprotectant, stepwise dilution of PrOH was
erformed at room temperature. Finally, oocytes were
ept in modified human tubal fluid (mHTF) with 10%
erum protein supplement for 2 hours. Six hundred fro-
en oocytes were thawed, but only two hundred oocytes
ualified as good oocytes using the criteria of intact zona
ellucida, plasma membrane, and normal appearance.
e validated our observations on a subset of these

ocytes (n � 5) by using the Eosin B dye exclusion test.

Indirect CD9 immunofluorescence on oocytes was per-
ormed as described elsewhere by Le Naour et al. (14). We
escribed elsewhere a modified reverse transcription (RT)
ethod for mouse oocytes (16). RT-Master Mix was pre-

ared as recommended by the manufacturer (Invitrogen,
arlsbad, CA). Because of insufficient CD9 signal from a

ingle oocyte by real-time polymerase chain reaction (PCR;
ata not shown), two mouse oocytes were put into each RT
ube containing RT-Master Mix and heated up to 100°C for

minute in a DNA thermal cycler 480 (Applied Biosys-
ems, Foster City, CA) to release the total RNA and dena-
ure the proteins. The RT tubes were immediately cooled
y putting them on ice. Then, 1 �L of RNase inhibitor and
�L of SuperScript II (200 U; Invitrogen) were added into

he tubes. The RT reaction was performed at 42°C for 60
inutes, 95°C for 5 minutes, and 5°C for 5 minutes. The

amples were stored at –20°C until PCR. Comparative

uantitative real-time PCR was performed as described

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.130
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lsewhere (17) on the Mx3005P QPCR System (Strat-
gene, La Jolla, CA). The Brilliant SYBR Green QPCR
aster Mix (Stratagene) was used to perform PCR. Am-

lifications were performed after a 10-minute hot start at
5°C in a three-step protocol with 30-second denaturation
94°C), 1 minute annealing (55°C), and extension at 72°C
or 30 seconds. Forty cycles were performed. Then, after a
-minute incubation at 95°C for DNA melt, the dissocia-
ion curve was run, starting with a 30-second incubation at
5°C and then followed by 40 successive 30-second pla-
eaus in which the temperature was increased by 1.0°C for
ach plateau.

A total of 40 fresh and 38 frozen oocytes was used, and
ll PCR reactions were performed in duplicate. Histone

IGURE 1

A) CD9 mRNA expression levels in mouse oocytes w
CR. Values of the CD9 gene were normalized using
varian cDNA), which was used to generate the relat
ean � SE of Rel.Quant. to Cal from 38 frozen–thaw
2.49). *P�.0001. (B) Western blotting analysis of C

he density ratio of CD9 to actin in three experiments
ocytes (0.28 � 0.04). *P�.05. Statistical analysis wa
en. CD9 expression in frozen–thawed mouse oocytes. Fertil Steril 2007.

rtility and Sterility�
2A.Z was used as an endogenous reference (18) to nor-
alize different CD9 gene values. The ��Ct (cycle of

hreshold) method was used. Relative quantification of the
ormalized CD9 mRNA expression level in oocytes to one
ormalized control sample value (calibrator, ovarian
DNA) was performed by using MxPro QPCR Software to
enerate the relative quantification to calibrator (Rel.Quant.
o Cal.).

Fifty live fresh or frozen–thawed oocytes were col-
ected in sodium dodecyl sulfate sample buffer (0.5 M
ris-HCL, pH 6.8; 20% sucrose; 10% sodium dodecyl
ulfate; and 0.5% 2-mercaptomethanol) and frozen at
80°C until use. The total proteins were separated by
0% sodium dodecyl sulfate–polyacrylamide gel elec-

determined by relative quantitative real time RT-
.Z to one normalized control sample (calibrator,
uantification to calibrator (Rel.Quant. to Cal.). Bars,

(0.172 � 0.081) and 40 fresh oocytes (12.47
protein expression in oocytes. Bars, mean � SE of
m frozen–thawed (0.087 � 0.03) and fresh
erformed by using unpaired t tests.
F

( ere
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rophoresis under reducing condition and blotted onto
itrocellulose membranes (Pierce, Rockford, IL). CD9
ignals were detected by rat anti-mouse CD9 monoclo-
al antibody (KMC8; BD Pharmingen, San Diego, CA)
nd developed by chemiluminescence. The blots were
eprobed with mouse anti-actin monoclonal antibody
Chemicon International, Inc., Temecula, CA), which
eacts with both the globular and fillimentous forms of
ctin. Densitometry was determined by Bio-Rad Quan-
ity One software (Bio-Rad, Hercules, CA).

The distribution patterns of CD9 on the oocyte sur-
aces in both fresh and frozen–thawed oocytes were
imilar. The CD9 mRNA expression level in frozen–
hawed oocytes (0.172 � 0.081) was 73-fold lower than
he level in fresh oocytes (12.47 � 2.49, P�.0001; Fig.
A). No CT value difference in histone H2A.Z mRNA
evel was observed between frozen–thawed (30.4 �
.67) and fresh oocytes (31.88 � 0.65; P�.133; data not
hown), which verified that the decreased CD9 expres-
ion in frozen oocytes was not a result of damaged total
NA resulting from cryopreservation and PrOH. CD9
rotein expression level in the frozen–thawed oocytes
0.087 � 0.03) was significantly lower than that ob-
erved on the fresh oocytes (0.28 � 0.04, P�.018; Fig.
B). No density difference of actin bands was observed
etween frozen–thawed (34,385.3 � 1,892.3) and fresh
ocytes (32,827 � 2,723.8, P�.68; data not shown).

In this study of cryopreserved mouse oocytes, we dem-
nstrated that lower CD9 mRNA and protein expression in
rozen–thawed oocytes compared with fresh mouse oo-
ytes. CD9 has been implicated in the process of fertiliza-
ion, specifically gamete binding and fusion. The dramatic
uctuations in temperature involved with freeze-thawing
nd in exposure to the cryoprotectant PrOH lead to thermal
nd chemical injuries in the DNA or cellular cytoskeleton
19), which may cause decreased synthesis of CD9 in
rozen–thawed oocytes. Integrins may participate in sper-
–egg adhesion, binding, and fusion through forming

omplexes with CD9 or other tetraspanins (20). Some of
he cellular processes requiring CD9, such as the integrin
6�1-mediated signal transduction, may be negatively im-
acted as a result of low CD9 expression, contributing to
he limited development of oocytes. Because CD9 and
D81 play complementary roles in sperm–egg fusion (21),
ryopreservation may also reduce CD81 expression in fro-
en oocytes and contribute to decreased fertilization. Fur-
her studies, however, will be needed to evaluate this hy-
othesis.

Our data confirming a decrease in CD9 expression in the
rozen–thawed oocytes suggest that CD9 expression level
ay be used as a valuable marker for determining success-

ul cryopreservation as well as a criterion for improving
ocyte cryopreservation protocols. Studies are ongoing to

onfirm this.
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The effect of raloxifene in association with vitamin
D on vaginal maturation index and urogenital
symptoms in postmenopausal osteoporotic women

In elderly women with osteoporosis, raloxifene treatment with vitamin D supplementation improves vaginal
maturation index and vaginal pH. (Fertil Steril� 2007;88:530–2. ©2007 by American Society for Reproduc-

tive Medicine.)
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aloxifene is the only approved selective estrogen receptor
odulator (SERM), for prevention (1) and treatment (2) of

ostmenopausal osteoporosis. The main advantage of
aloxifene is that it does not stimulate the breasts and
ndometrium (3). Because raloxifene is a SERM, it could
heoretically block the effects of local Es on the vaginal
ucosa. However, raloxifene was shown not to cause any

dverse vaginal symptoms (4) in patients who do not have
aginal atrophy. Moreover, it has been demonstrated that
omen with evidence of preexisting vaginal atrophy who

re treated with either low-dose conjugated E cream or
onhormonal moisturizer were not negatively influenced
ith concurrent raloxifene treatment for osteoporosis (5).
n the other hand, a recent study reported that postmeno-
ausal patients who were treated with vitamin D had better
aturation indices in the vaginal smears (6).

In this study, we aimed to assess the effect of raloxifene in
ssociation with vitamin D on vaginal smear and urogenital
ymptoms in postmenopausal women with osteoporosis.

Sixty healthy postmenopausal osteoporotic women (T
cores ��2.5 SD in spinal bone mineral densitometry)
ere recruited into the study. The subjects were all healthy
ostmenopausal women who had their last menstrual
leeding at least 3 years ago. Inclusion criteria limited
atients to those with body mass index (BMI) �30 kg/m2,
o malignancy, no abnormal findings in gynecologic ex-
mination or on Papanicolaou smear (i.e., infections or
ysplasia), no hormone therapy or vaginal E therapy at
east 12 months or vaginal moisturizer for at least 6
onths. The patients were randomized to one of the fol-

owing two groups in open labeled fashion: treatment group
N � 30) patients received raloxifene 60 mg/day (Evista,
illy Co., Istanbul, Turkey) and 600 mg calcium � 400 IU
itamin D (Cal-D-Vita Roche, Istanbul, Turkey) daily;

ontrol group (N � 30) patients received risedronate 5

eceived January 5, 2006; revised November 10, 2006; accepted No-
vember 21, 2006.

upported by grant KA03/54 from Baskent University, Ankara, Turkey.
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Manolya Blok 24, Cayyolu, Ankara 06530, Turkey (FAX: 90-533-980-
b2526; E-mail: hnzeynelog@e-kolay.net).
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g/day (Actonel, Aventis Pharma, Istanbul, Turkey) and
00 mg calcium � 400 IU Vitamin D daily, for routine
steoporosis treatment and served as controls. None of the
atients received vaginal moisturizer or E cream during the
tudy course. The institutional review board (IRB) of
askent University Hospital approved the study protocol in
pril 2003.

Vaginal epithelial cells were obtained from the right
ateral vaginal fornix with a wooden spatula that was
meared and fixed on a slide in the standard fashion.
aginal Papanicolaou smear test was evaluated by a single

ytopathologist who was blinded to the treatment assign-
ent to determine vaginal maturation index formulated as

0.2x percent parabasal cells � 0.6x percent intermediate
ells � 1.0 percent superficial cells) (7, 8). Intraobserver
ariability for the pathologist’s evaluation of vaginal mat-
ration index was 2.8%. Vaginal pH test was performed at
he same time with vaginal Papanicolaou smear assess-
ent. The vaginal pH was measured by using a pH test

trip after being left in contact in one of its thin border, at
he introitus for 1 minute (Universalindikator 0-14, PH

erck KGaA, Darmstadt, Germany). Urogenital atrophy
as recorded, and their sensitivity was assessed on a mod-

fied scale from 1 to 4 (1 � severe, 2 � moderate, 3 �
ild, and 4 � none). The examiners evaluated vaginal

trophy, pallor, vaginal dryness, and friability at each vag-
nal examination according to a 4-point scale (1 � severe,

� moderate, 3 � mild, and 4 � none) (9). Vasomotor
ymptoms were recorded on daily diary cards with a
-point scale (1 � severe for flushes, 2 � moderate, 3 �
ild, and 4 � none). For the urogenital symptoms, partic-

pants used a questionnaire to evaluate vaginal dryness,
rritation, or itching; difficulty passing urine, urine fre-
uency, and urine leakage; and pain during intercourse,
ain after intercourse, and bleeding after intercourse ac-
ording to the following 4-point scale: 1 � extremely, 2 �
uite a bit, 3 � a little, and 4 � none. All of these end
oints were assessed twice, at the beginning of the study
nd at the end of the third month.

The parametric and nonparametric values were analyzed

y one-way ANOVA and Mann-Whitney U test, respec-

0015-0282/07/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2006.11.112
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ively. The Wilcoxon rank-sign test was used to test paired
onparametric values. The P value was set to .05. Values
re expressed as mean � SD.

All of the patients completed the study. The baseline
haracteristics of the both groups were similar: age (58.2 �
.6 vs. 56.1 � 6.8 years), BMI (27.1 � 3.3 vs. 26.9 � 4.0
g/m2), and menopausal years (11.6 � 7.0 vs. 8.5 � 6.7
ears). The baseline vaginal maturation index values before
he study were comparable in both groups. At the end of the
tudy period, the treatment group showed better maturation
ndices in the vaginal smears compared to the control group
Table 1). Although 24 patients on the raloxifene group
howed improvement, 6 patients had either no improve-
ent or had cytologic scores with negative changes �10%

f the baseline. On the other hand, most of the patients in
he control group did not have any changes; only 2 patients
howed improvement. Although any change in the ratio of
uperficial cells was not noted, the ratio of intermediate
ells increased and the ratio of parabasal cells decreased
ignificantly in the treatment group (Table 1). However, the
atio of superficial cells decreased significantly. The ratios
f intermediate and parabasal cells did not change in the
ontrol group.

Vaginal dryness and vaginal pH significantly decreased
n the treatment group (3.14 � 0.96 vs. 3.38 � 0.92; P�.05
nd 4.91 � 0.49 vs. 4.57 � 0.57; P�.05, respectively).
owever, there were no differences for dyspareunia, pru-

itus, urinary symptoms, vaginal burning, and hot flashes in
his short duration in both groups.

Several clinical trials have demonstrated a neutral or
ntiestrogenic effect of raloxifene on the endometrium and
terus, and this may also apply to the vagina. A recent
tudy has shown that raloxifene did not improve cytohor-
onal effects in the vagina or urethra; instead raloxifene

nd tamoxifen appear to show worsening prolapse com-

ABLE 1
Findings in the baseline and after 3 months in bo

Treat

Baseline

Patients with improvement of vaginal
maturation index (n)

Vaginal maturation index (%) 45.8 � 21.1
Superficial cells (%) 7.7 � 11.9
Intermediate cells (%) 49.4 � 42.0
Parabasal cells (%) 43.0 � 46.2
Note: NS � not significant.
a Patients in the treatment group improved significantly c
b Statistically different from the baseline values in the trea
c Statistically different from the baseline values in the con
Zeyneloglu. The effect of raloxifene on vagina. Fertil Steril 2007.

rtility and Sterility�
ared with conjugated equine E and placebo (10). How-
ver, this study had smaller sample size (n � 15 on ralox-
fene arm). In addition, the patients on the raloxifene arm
ad low statistically significant BMI and low serum E2

evels compared to those on conjugated E arm. This may be
selection bias toward the vaginal cytohormonal results in

uch a small sample size. In addition, although urethral
ytologic evidence of E presence was improving (which
as a trend), vaginal cytologic values worsened. It is hard

o retrieve a concrete decision from the results of this report
n aspects of vaginal cytohormonal changes. Recently, an-
ther study claimed that mean vaginal maturation value
ecreased significantly in the calcium and raloxifene
roups compared with baseline and E/P group at 6 months
11). This change was clear at 12 months of the treatment.
ll of the women enrolled in this study had received
ormone replacement therapy (HT) for more than 4 years.
s far as we understood, patients did not have a wash-out
eriod such as 6–12 months after discontinuation of HT.
aloxifene might have played a partial antagonistic role in

he presence of the estrogenic effects on the vaginal epi-
helium. Another study by Komi et al. (12) reported that,
lthough ospemifene had clear estrogenic effects in the
agina, raloxifene did not show such an effect after 3
onths.

On the other hand, Yildirim et al. (6) recently noticed
hat there was a decrease in basal cells and an increase in
uperficial cells in patients who were treated with vitamin

compared to controls. In the control group of our study,
here was a nonsignificant increase in the intermediate
ells, but not in other cell types. However, the vitamin D
ose was lower and the duration was shorter compared to
tudy by Yildirim et al. Therefore, one can hypothesize that
itamin D and raloxifene may augment their effects on the
aginal epithelium. There is, to our knowledge, no study

roups.

t group Control group

months P Baseline 3 months P

24a 2 �.01

8 � 14.6b �.05 49.4 � 26.7 52.2 � 20.6 NS
2 � 13.6 NS 15.4 � 22.6 10.8 � 16.3c �.05
6 � 30.3b �.05 47.8 � 40.6 59.0 � 38.6 NS
5 � 30.7b �.05 30.6 � 45.0 30.3 � 42.5 NS

ared to control group (P�.01).
nt group.
group.
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nalyzing the combined effects of raloxifene and vitamin D
n the vaginal epithelium.

Despite the improvement in the vaginal smear scores, we
id not observe clinical improvement or worsening in the
aginal atrophy symptoms, except for the vaginal dryness,
hich improved. Our results confirmed the previous find-

ngs of Parsons et al. (5) and Kessel et al. (13), who
uggested that raloxifene was safe in patients with vaginal
trophy when administered in the presence of vaginal E
ream.

In conclusion, especially in elderly women with osteo-
orosis, raloxifene treatment with vitamin D supplementa-
ion improves vaginal maturation index and vaginal pH.
owever, we suggest that randomized, controlled long-

erm studies to determine the effect of raloxifene with
itamin D on the vagina and vaginal disorders of the
ostmenopausal women.

Hulusi B. Zeyneloglu, M.D.a

Mesut Oktem, M.D.a

Nihan A. Haberal, M.D.b

Ibrahim Esinler, M.D.a

Esra Kuscu, M.D.a

Departments of a Obstetrics and Gynecology and
b Pathology, Baskent University, Faculty of
Medicine, Ankara, Turkey

EFERENCES
1. Delmas PD, Bjarnason NH, Mitlak BH, Ravoux AC, Shah AS, Huster

WJ, et al. Effects of raloxifene on bone mineral density, serum
cholesterol concentrations, and uterine endometrium in postmeno-

pausal women. N Engl J Med 1997;337:1641–7.

32 Zeyneloglu et al. Correspondence
2. Ettinger B, Black DM, Mitlak BH, Knickerbocker RK, Nickelsen T,
Genant HK, et al. Reduction of vertebral fracture risk in postmeno-
pausal women with osteoporosis treated with raloxifene: results from
a 3-year randomized clinical trial. Multiple Outcomes of Raloxifene
Evaluation (MORE) Investigators. JAMA 1999;282:637–45.

3. Cohen FJ, Watts S, Shah A, Akers R, Plouffe L Jr. Uterine effects of
3-year raloxifene therapy in postmenopausal women younger than
age 60. Obstet Gynecol 2000;95:104–10.

4. Davies GC, Huster WJ, Lu Y, Plouffe L Jr., Lakshmanan M. Adverse
events reported by postmenopausal women in controlled trials with
raloxifene. Obstet Gynecol 1999;93:558–65.

5. Parsons A, Merritt D, Rosen A, Heath H, 3rd, Siddhanti S, Plouffe L
Jr. Effect of raloxifene on the response to conjugated estrogen vaginal
cream or nonhormonal moisturizers in postmenopausal vaginal atro-
phy. Obstet Gynecol 2003;101:346–52.

6. Yildirim B, Kaleli B, Duzcan E, Topuz O. The effects of postmeno-
pausal Vitamin D treatment on vaginal atrophy. Maturitas 2004;49:
334–7.

7. Hammond DO. Cytological assessment of climacteric patients. Clin
Obstet Gynaecol 1977;4:49–70.

8. Hustin J, Van den Eynde JP. Cytologic evaluation of the effect of
various estrogens given in postmenopause. Acta Cytol 1977;21:225–8.

9. Speroff L. Efficacy and tolerability of a novel estradiol vaginal ring
for relief of menopausal symptoms. Obstet Gynecol 2003;102:823–
34.

0. Vardy MD, Lindsay R, Scotti RJ, Mikhail M, Richart RM, Nieves J,
et al. Short-term urogenital effects of raloxifene, tamoxifen, and
estrogen. Am J Obstet Gynecol 2003;189:81–8.

1. Checa MA, Garrido A, Prat M, Conangla M, Rueda C, Carreras R. A
comparison of raloxifene and calcium plus vitamin D on vaginal
atrophy after discontinuation of long-standing postmenopausal hor-
mone therapy in osteoporotic women. A randomized, masked-evaluator,
one-year, prospective study. Maturitas 2005;52:70–7.

2. Komi J, Lankinen KS, Harkonen P, Degregorio MW, Voipio S,
Kivinen S, et al. Effects of ospemifene and raloxifene on hormonal
status, lipids, genital tract, and tolerability in postmenopausal women.
Menopause 2005;12:202–9.

3. Kessel B, Nachtigall L, Plouffe L, Siddhanti S, Rosen A, Parsons A.
Effect of raloxifene on sexual function in postmenopausal women.

Climacteric 2003;6:248–56.

Vol. 88, No. 2, August 2007



LETTERS TO THE EDITOR
Paul G. McDonough, M.D.
Associate Editor

An important new adaption of a specific drug?

To the Editor:

We read with interest the case report of Knoepfelmacher
(1) about cabergoline effectiveness in the treat ment of ovar-
ian hyperstimulation syndrome (OHSS) due to gonadotro-
pin-producing adenomas. Similar results were previously
repor ted by others (2) with brom ocriptine . Gona dotropi n se-
cretion reduction was the mechanism suggested. However,
the work of Basu et al. (3) clarified that do pamine, through
its D2 receptor, is able to antagonize vascular endothelial
growth factor vascular effects blocking vascular endothelial
growth factor R2 receptor. It is well known that vascular en-
dothelial growth factor production by the conceptus starts at
the beginning of embryo development inducing, at the en-
dometrial level, both the increase of vascular permeability
and the neoangiogenesis that contribute to embryo implan-
tation. In fact, a complete vascular endothelial growth factor
antagonism by high doses of specific monoclonal antibody
prevented embryo implantati on (4) in the monk ey. However
the long-lasting clinical use of cabergoline to treat hyper-
prolactinemia-related infertility, its use in the treatment of
macroprolactinoma during pregnancy, and the lack of tera-
togenic evidence for this drug, induced our group to propose
(5) cabergoline administrat ion, to the best of our knowledge
for the first time, to reduce the vascular endothelial growth
factor–mediated pathologic increase of vascular permeabil-
ity observed in human OHSS. Our preliminary experience
with cabergoline (0.5–1 mg every day from pickup) confirms
that it promptly reduces hematocrit in patients with severe
OHSS.

After informed consent, we started to use cabergoline
also to prevent OHSS development after controlled ovarian
stimulation in high-risk women. Total clinical pregnancy
and abortion rates in treated women were comparable
with those observed in matched historical controls; a 0 of
66 (0%) and 5 of 189 (2.7%) incidence of severe OHSS
was observed in patients receiving and not receiving treat-
ment, respectively.

We believe that, because of the poor evidence of efficacy
for most previously suggested approaches to OHSS preven-
tion, except for ovulation induction with recombinant LH
instead of hCG, modulation of vascular endothelial growth
factor vascular effects with cabergoline would be the most
promising, safe, and effective pharmacologic approach for
OHSS prevention and treatment in the future. This treat-
ment could be used in all patients at high risk of OHSS de-
velopment. In our experience the only subgroup of patients
in which cabergoline use alone failed to prevent OHSS de-
velopment was those with polycystic ovary syndrome.

However OHSS in two women with polycystic ovary
syndrome given cabergoline was moderate and of brief
duration. Perhaps a combined approach with metformin
pretreatment starting 3 months before and cabergoline after
pickup would be more effective in this particular subgroup
of patients.

Massimo Manno, M.D.
Francesco Tomei, M.D.
Emanuela Marchesan, M.D.
Valter Adamo, M.D.
Service of Physiopathology of Human Reproduction
Pordenone Hospital
Friuli Venezia Giulia, Italy

September 11, 2006
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Reply of the Author:

The letter from Manno et al. is more a commentary than an
inquiry to my article. Therefore, I think that a response is not
necessary in this case.

Mirta Knoepfelmacher, M.D., Ph.D.
Unidade de Endocrinolog�ıa do Desenvolvimiento
Laboratorio de Hormônios e Gen�etica Molecular
Hospital das Cl�ınicas da Faculdade de Medicina da
Universidade de S~ao Paulo
S~ao Paulo, Brazil

February 5, 2007
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Endometriomas—more careful examination in vivo and
communication with the pathologist

To the Editor:

It is baffling that the reported histologic confirmation of
a presumed endometrioma varies between 0 and 100% of
excised specimens. Muzii and collaborators (1) performed
a thorough histological examination of the entire wall of
70 excised cysts, which confirmed the presence of endome-
triosis in 100% of the cases. However, the surface area of
the cyst wall covered by endometrial lining ranged from
10% to 98%, and 40% of the cyst surface area was
composed of fibrous tissue. Unfortunately, the investigators
were unable to describe the topographical features of the
specimens and, surprisingly, suggested that lack of histo-
logic confirmation is largely a result of inadequate sampling
by the pathologist.

The answer to the question of why so many surgeons fail to
sample those areas that are likely to comprise endometriotic
tissue lies in the current practice of immediate excision
without accurate in situ inspection. Careful inspection by
ovarioscopy (2, 3) allows identification of various surface
characteristics, such as the presence of pearl-white or yellow-
ish pigmented cortex; thin mucosa-like lining with prominent
microvascularization (so-called red endometrioma); dark,
pigmented fibrotic tissue (so-called black endometrioma);
and most important, retraction of the cyst wall near the ovar-
ian hilus with hemorrhagic implants in the center. Biopsies
from this area are most likely to yield typical endometriotic
tissue with glands and stroma. Inside the pseudocyst, the
endometriotic lining is variable and frequently represents
not more than a thin layer of surface epithelium and stroma
without glands, which is easily dislodged from the cyst
wall. Occasionally, the cavity of the endometrioma is con-
nected to a corpus luteum or luteal cyst, and early coloniza-
tion by endometriotic surface epithelium can be seen. Such
features strongly suggest outgrowth of the lesion from the
main implant at the site of cortex invagination to adjacent
cavities. One can argue that full excision of the cyst wall rep-
resents, in many cases, excessive surgery and that particularly
in younger women, in whom fibrosis is less prominent, this
inevitably results in resection of healthy ovarian cortex.

In a typical endometrioma, there is no need for fenestra-
tion, because complete adhesiolysis of the ovary exposes
the site of inversion and results in spontaneous spilling
of the content. The fibrotic ring at the site of inversion and
the adherent tissue on the outside are widely resected and
are the optimal sample for histopathological examination.
In contrast with ovarian cystectomy, the cavity stays open,
and the lining of the cavity can be easily inspected for addi-
tional selected biopsies. Ablation or coagulation in the ex-
posed cavity can be done as for superficial implants on the
outside ovarian cortex. Our technique of ovarioscopy and re-
construction of the ovary by eversion (4) is based on the
observation by Hughesdon (5) that in the majority of endo-

metriomas (90%), the cyst wall consists of invaginated ovar-
ian cortex.

The ovarian endometrioma is a complex, topographical
disease, and much of the existing controversy on cystectomy
vs. drainage and coagulation is based on a surgical oversim-
plification of its pathology. Therefore, when histopathology
fails to confirm the diagnosis, not the pathologist, but the
surgeon, is to blame.

Ivo A. Brosens, M.D.
Patrick Puttemans, M.D.
Rudi Campo, M.D.
Sy Gordts, M.D.
Stephan Gordts, M.D.
Leuven Institute for Fertility and Embryology, Leuven,
Belgium

March 5, 2007
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534 Letters to the Editor
Reply of the Authors:

We thank Brosens and colleagues for the interest in our
work and for their valued comments regarding our recent
article on the histological features of the ovarian endome-
trioma (1).

We do agree with their initial comment that the reported
rate in the literature of histological confirmation for the
presumed endometrioma, between 0 and 100%, is baffling
and that the ideal rate should always be 100%. In our studies
on the histology of the endometrioma, the confirmation rate
always has been 100% (1–3).

However, we do not agree with Brosens et al. when they
conclude their letter with the statement that the surgeon,
and not the pathologist, is to blame when histology fails to
confirm the endometriotic nature of the presumed endome-
trioma.

Obviously, we do not blame the pathologist, because any
pathology diagnosis is not simply a report that comes back
from the pathologist but should be the result of a communica-
tion between two specialists, the pathologist and the surgeon.
Vol. 88, No. 2, August 2007



Inguinal ovary after controlled ovarian hyperstimulation—
infrequent, infrequently recognized, or observer variation?

To the Editor:

Having read the case report by Idil et al. (1) concerning the
detection of an inguinal ovary during controlled ovarian stimu-
lation, we feel obliged to communicate the following remarks.

The authors claimed that Ombelet et al. (2) reported ‘‘eight
primary infertility cases with ectopic ovaries that were detected
while performing a controlled ovarian hyperstimulation (COH).’’
In fact, the cited article describes five cases of unilaterally
undescended ovaries, that is, at or above the pelvic brim, among
eight women with primary infertility and a unicornuate uterus.
There is actually only one previous case report, not referred to
by the authors, describing a left inguinal ovary discovered on
the seventh day of an ovarian stimulation cycle for IVF (3).

Mayer and Templeton (4), in their review of the ‘‘world
literature’’ dating to the second half of the nineteenth
century, tried to differentiate between inguinal ‘‘congenital
ectopia’’ of the ovary and fallopian tube and possible
So one should blame either both of them or neither. When the
surgeon does not receive the report that he or she expects,

any possible effort should be made to improve this commu-
nication. When, in the past, we used to get some diagnoses of
so-called functional cysts in cases that we presumed were
clinically endometriosis, we actually got back to the bench

with the pathologist and either took some more time to
look at the available slide mounts or prepared new ones
from the paraffin blocks. In most instances, the pathology

report was corrected from ‘‘functional cyst’’ to ‘‘endome-
trioma.’’ If ever the surgeon is to blame, it is when he or
she gives the wrong indication to surgery and brings to the

operating room a patient with a functional cyst, just because
it looks like endometriosis at preoperative sonography. In the
literature, the reported rate of functional cysts that are
excised at laparoscopy also is too high. This is baffling as

well.

We believe that our study brings some more information
to both the surgeon and the pathologist on what these spec-

imens that we are taking out really are. What our study de-
scribes is an unbiased, aseptic evaluation of what the
surgeon gets with the stripping technique. The pathologist

involved in our study in fact knew nothing about the various
theories on the formation of the endometrioma. The pathol-
ogist simply described what he or she found and returned
this figure: 60% of the inner surface of the endometrioma

wall is made of endometriosis. We would guess that this
60% may actually be an underestimate, because the maneu-
vers that we exert on the excised tissue (a tissue that is

grasped, stripped, put in a bag, and pulled through a much
smaller hole) may create some derangement in the epithelial
lining, which could then be missing at histology. In our
study, the depth of penetration of the endometriosis tissue

in the surrounding fibrosis also is reported, and this depth
is more than what the laser or the bipolar gets (or when
stressing only their pros, less than what these devices should
get). If >60% of the inner surface of the endometrioma is
endometriosis, will the ablation or coagulation of only
additional selected areas (to quote Brosens et al., ‘‘as for
superficial implants’’) be enough?

In the discussion section of our article, we actually went
beyond what the data say (1). But we were encour aged to
do so because, if we believe in evidence-based medicine,

we have enough evidence to support the stripping technique
vs. the fenestration–ablation technique. Most surgeons
describe the fenestration technique as excision of a circular
rim of tissue, usually at the site of initial adhesion of the ovary

to the posterior leaf of the broad ligament, and treatment of
the remaining part of the inner wall with either laser or bipo-
lar coagulation. This technique has been proven to be inferior

to the stripping technique in two randomized clinical trials
and in a meta-anal ysis by the Cochra ne collaboratio n (4).
The tec hnique descr ibed by Brosen s et al. (5), although prom -
ising in a prospective case series, has not been validated in

a randomized clinical trial.
Fertility and Sterility�
In conclusion, we agree with Brosens et al. that endome-
trioma is a complex disease, but decisions about the appropri-
ate treatment should still be based on today’s best available
evidence.

Ludovico Muzii, M.D.
Antonella Bianchi, M.D.
Filippo Bellati, M.D.
Emanuela Cristi, M.D.
Milena Pernice, M.D.
Marzio A. Zullo, M.D.
Roberto Angioli, M.D.
Pierluigi Benedetti Panici, M.D.
University of Rome ‘‘La Sapienza,’’
Rome, Italy

April 4, 2007
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tubo-ovarian inguinal herniation. However, irrespective of
the actual etiology, an inguinal ovary diagnosed during child-
hood presents as a hernia and warrants a herniorrhaphy
(5). Consequently, the authors’ contention that a history
of an inguinal operation in their patient raises the suspicion
of a herniation of the left ovary (as opposed to another etiol-
ogy preventing ‘‘the ascent of the ovary’’) is not validated.

While clomiphene citrate (CC) use has facilitated the diag-
nosis of an abdominal ‘‘undescended’’ abdominal ovary on
magnetic resonance imaging (2), we do not find this diagnos-
tic tool to be necessary for the diagnosis of the inguinal ovary,
where the ultrasound findings of different sized follicles can-
not be mistaken. At least theoretically, administration of CC
in the case of an inguinal ovary is not innocuous.

Tony Bazi, M.D.
Muhieddine Seoud, M.D.
Department of Obstetrics and Gynecology
American University of Beirut
Beirut, Lebanon

Samir Akel, M.D.
Department of Surgery
American University of Beirut
Beirut, Lebanon

September 20, 2006
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Verification bias?

To the Editor:

Although the hypothesis proposed by Keltz et al. that chla-
mydia antibody titres may aid in the detection of tubal disease
is plausible, we feel that the conclusion that chlamydia serol-
ogy is an inexpensive, noninvasive test that matches or sur-
passes the predictive value of most standard infertility tests
is premature (1).

The study of the test characteristics of a new diagnostic test
is often hampered by the logistics of a difficult study design.
‘‘In the ideal study of a test, each patient in a representative
sample undergoes both the index test and the gold standard pro-
cedure’’ (2). In this case, no uniform gold standard was used to

calculate sensitivity, specificity, or negative and positive pre-
dictive values for chlamydia serology as a screening test; that
is, not all patients underwent laparoscopy. Given the lack of
consistency in the use of the gold standard test, it is difficult
to evaluate the true performance of any screening test.

In addition, data should optimally be presented so that 2
�2 tables can be recreated to assess each test’s performance
and to confirm reported sensitivity, specificity, and predictive
values. For example, in Table 1 of Keltz et al., it is unclear
how 18 patients had laparoscopically confirmed bilateral
tubal blockage but only 15 had tubal disease. We were also
unable able to recreate the data tables that assess the per-
formance of hydrosalpingography (HSG) compared with lap-
aroscopy. In addition, the authors did not present the
predictive value of HSG. Moreover, confidence intervals
(CIs) should be included to assess the precision of each point
estimate. We were able to recreate the serology table, but
when we calculated the CI for the specificity of serology
(82.4, 98.6), it was wide and included the test performance
of HSG, which does not support the authors’ conclusion
that specificity for serology surpasses that of HSG.

Finally, while the authors state that antibody testing is in-
expensive, it is unclear what added value this additional test-
ing provides based on the presented data. It is premature to
conclude that serology ‘‘matches or surpasses’’ the predictive
value of standard infertility tests. We caution the recommen-
dation to consider chlamydia serology as an adjunct screen-
ing test to help direct the management of infertile patients
in the absence of more compelling evidence. At this time,
given the broad specificity and the continued need for
HSG, it is unclear what benefit serology screening provides
given the additional cost.

Suleena Kansal Kalra, M.D.
Beata Seeber, M.D.
Sindhu Srinivas, M.D.
Kurt Barnhart, M.D., M.S.C.E.
Hospital of University of Pennsylvania, Philadelphia,
Pennsylvania

September 25, 2006
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Re: Gel instillation sonohysterography: first experience
with a new technique

To the Editor:

Th e artic le by Exalto et al. (1) on gel instillat ion sonogra-
phy (GIS) made an interesting read. It seems that a minor
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modification of saline infusion sonography has resulted in
decreased inconvenience for the patient and steady filling
of the uterine cavity. It promises to be an attractive alternative
to saline infusion sonography. However, we have concerns
regarding several aspects of this study.

This study is descriptive, and, as the authors correctly
suggest, a randomized controlled trial comparing the two
techniques is warranted. There are suggestions of bias of
the investigators who were keen to highlight the efficacy of
GIS in analyzing the indications and findings in 120 patients
studied. The authors make a significant claim that the new
method caused minimal inconvenience to the patient, but
this has not been assessed in this study.

Our main concern regarding this study is about the choice
of distending medium, which contains a combination of lido-
caine, glycerol, and chlorhexidine. The authors justify its use,
quoting its frequent use for intraurethral instillation before
cystoscopy. However, what is safe for intraurethral instilla-
tion need not necessarily be so for intrauterine instillation.
It is likely that what is instilled into the uterus under pressure
will enter the peritoneal cavity, a situation that is inapplicable
to intraurethral instillation. The authors quoted two refer-
ences (2, 3) to justify the safety of their chosen distending
medium, but both of them only deal with lidocaine. What is
the effect of chlorhexidine on the microstructure of the uter-
ine and tubal endothelia, and could it trigger a chemical
inflammation in the peritoneum? These are questions should
have been answered by the researchers before beginning this
study. In our view the distending medium has been chosen
without due concern for these potential dangers.

We experimented with GIS in a ‘‘dry laboratory’’ situation
using 2% lignocaine gel but found that high pressures were
required for its instillation. It would have been useful if the
authors had commented on this aspect.

Although we agree that GIS is a promising develop-
ment, we believe that it would be best done using an al-
ternative distending medium, perhaps one specially
developed for the purpose and less viscous than presently
available gels.

Jeevan P. Marasinghe, M.B.B.S.
Professorial Obstetrics and Gynecology Unit, De Soyza
Hospital for Women, Colombo, Sri Lanka

Hemantha M. Senanayake, M.R.C.O.G.
Faculty of Medicine, University of Colombo, Colombo,
Sri Lanka

May 24, 2007
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BOOK REVIEW

Kenneth Lyons Jones, editor. Smith’s Recognizable
Patterns of Human Malformation. 6th ed. Philadelphia,
Pennsylvania: Elsevier Saunders, 2005:1–976. Price:
$93.00.

There are books and there are classics. This sixth edition of
a classic, Smith’s Recognizable Patterns of Human Malfor-
mation, thus places us on hallowed ground.

The first edition, published in 1970, was written by David
W. Smith, a renowned pediatric dysmorphologist who was
one of literally the handful who developed this nascent field.
In his 1970 book, Smith did much to move the field from the
arcane to the practical. He grouped syndromes into various
clinically pragmatic categories. Examples included chromo-
somal abnormalities, unusually short stature with associated
defects, senile-like appearance, joint dysplasia, and syn-
dromes with combinations of oral-facial-digital features. A
total of 18 categories, plus ‘‘miscellaneous’’, were so strati-
fied. Chosen syndromes were succinctly described: photo-
graphs showing the most characteristic (recognizable)
features, a list of the three most common anomalies, a list
of so-called occasional features, etiology, and natural history.
All this in two pages! The book also provided normal growth
charts as well as tables of normal measurements (ranges) for
quantifiable traits. Some of these (e.g., inner canthal distance)
were dear to dysmorphologists and more arcane to others, but
their usefulness was not arguable. Overall, the result was
a pragmatic codification that helped demystify a hereto-
fore-bewildering field. As an inchoate genetic trainee, I viv-
idly recall taking Smith’s first edition to consults and rounds.
One could almost become an instant expert with its help.

Fast-forward 35 years, and Kenneth Jones has now su-
perbly edited four editions, beginning with the third, which
followed Smith’s untimely death in 1981. Fortunately, Jones
has eschewed the temptation to tinker with a successful for-
mula. True, many of the photos are now in color, and the pa-
ges have expanded to 976. There are many new syndromes,
and there are many more tables of normal values. But really
everything seems familiar.

When planning the sixth edition, Jones must have been
faced with two major decisions. First, should one succumb
to the irresistible scientific logic of now batching syndromes
by their causative gene? Perturbations of fibroblastic growth
factor receptor 3 cause not only achrondoplasia but thanoto-
phoric dysplasia, among other conditions. In fact, 11 different
so-called syndromes result from perturbations of fibroblastic
growth factor receptor 3 or fibroblastic growth factor receptor
2. Jones sticks with the familiar, I believe wisely. Physicians
still approach diagnostic dilemmas clinically (here mostly by

physical diagnosis); molecular tests are used to confirm. And
second, which of the burgeoning list of new syndromes
should be included? This could quickly get out of hand if
all the so-called private (one-family) syndromes were in-
cluded. Fortunately, the number of syndromes has remained
manageable. Very rare disorders do not make the cut, nor
do metabolic syndromes lacking recognizable (external)
features.

Of course, any critic must offer suggestions. Mine would
be rethinking the list of anomalies. The format does not read-
ily allow distinction between a common anomaly having, say,
20% prevalence and one that is essentially pathognomonic.
Perhaps one could judiciously use parentheses, bold type,
or even the occasional table within a given disorder. An ap-
pendix cross-referencing syndromes by gene perturbation
might also be helpful. Finally, readers usually want to
know whether a diagnostic assay (DNA test) is clinically
available, if the etiology is known. True, various online ser-
vices provide this information, but it would not be difficult
to insert this at time of press.

In conclusion, this excellent book already is known to the
genetics cognoscienti, and it remains a must for clinical ge-
neticists and genetic counselors. These providers do not
need a review to be enticed to purchase a new edition. How-
ever, the latest edition of this book is worthy of the broader
attention of reproductive medicine specialists. Their day-
to-day usage of this volume will be less than that of card-
carrying geneticists, but having this book nearby still will
be useful when the inevitable next allegation (case report)
of an in vitro fertilization-associated birth defect hits the me-
dia. Pull this book off the shelf before the media inquisition
begins!

Joe Leigh Simpson, M.D.
Florida International University College of Medicine
Miami, Florida

doi:10.1016/j.fertnstert.2007.05.030

Fertility and Sterility� Vol. 88, No. 2, August 2007
Copyright ª2007 American Society for Reproductive Medicine

538
Erratum

In the article ‘‘A process designed to lead to international
agreement on terminologies and definitions used to describe
abnormalities of menstrual bleeding’’ [March 2007;87(3):
466–76], it should have been noted that the article was pub-
lished simultaneously in Human Reproduction [2007;22(3):
635–43], by agreement of both journals. A corrected version
is online. We regret the error.
0015-0282/07/$32.00
, Published by Elsevier Inc.
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