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insurance and provide assistance 
to states that make basic private 
health insurance available to res-
idents (see box). The first and pri-
mary proposal addresses the tax 
code’s perverse and inequitable 
treatment of health care expendi-
tures, seeking thereby to reduce 
the ranks of the uninsured.1 If 
adopted as proposed (a highly 
unlikely prospect), the initiative 
would take half a step toward a 
more equitable system, but it 
would have an uncertain effect on 
the expansion of coverage and 
could expose insured Americans 
to some significant risks.

Currently, neither compensa-
tion in the form of employer-
paid health insurance premiums 
nor health expenses and premiums 
paid by workers through cafete-

ria plans are subject to income 
or payroll taxes. In addition, U.S. 
taxpayers who itemize their de-
ductions may take an income-tax 
deduction for out-of-pocket health 
care spending exceeding 7.5% of 
their income. These provisions 
create an open-ended subsidy for 
certain types of health care spend-
ing that has encouraged the pur-
chase of generous employment-
based insurance and excessive 
spending. In the face of spiraling 
health care costs, such encour-
agement seems perverse.

The provisions are also inequi-
table. Because the value of the tax 
benefit depends not just on the 
amount spent on insurance and 
health care but also on a taxpay-
er’s marginal tax rate, the bene-
fit is worth more for upper-income 

than lower-income taxpayers. 
When a firm contributes $10,000 
toward its employees’ insurance, 
workers in the 15% tax bracket re-
ceive a $1,500 income-tax subsidy, 
whereas those in the 35% bracket 
get a $3,500 subsidy. The fact that 
the benefit is available only to 
people with employer-sponsored 
policies results in an additional 
inequity: those whose employers 
do not offer health plans get no 
subsidy — they must buy their 
coverage with after-tax dollars.

Under Bush’s proposal, these 
subsidies would be scrapped 
starting in 2009, and employers 
would be required to include the 
amounts they contribute toward 
health insurance premiums in 
their workers’ taxable compensa-
tion. However, everyone enrolled 
in a “qualified” health plan, 
whether obtained through an em-
ployer or purchased independently, 
would be given a new standard 
deduction for health insurance 
— $15,000 for a family and 

Benefits with Risks — Bush’s Tax-Based Health Care Proposals
Robert D. Reischauer, Ph.D.

In his State of the Union address in January, Pres-
ident George W. Bush announced a major two-

part health initiative that would create a new uni-
form tax deduction for all those obtaining health 
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$7,500 for an individual — that 
would reduce the portion of their 
income that is subject to both in-
come and payroll taxes.

The arrangement would decou-
ple the value of the tax benefit 
from the amount spent on health 
insurance premiums and out-of-
pocket costs, instead providing a 
tax break simply for having insur-
ance that met minimum standards. 
Thus, the existing incentive to 
spend more would be eliminated, 
as would one of the inequities of 
the current system: the deduction 
would be available to everyone 
with qualified insurance, not just 
those with an employer-sponsored 
plan. The benefit to those in the 
higher tax bracket would persist, 
however, because the value of the 
new deduction would increase 
with the taxpayer’s marginal tax 
rate. The income-tax break would 
be worth $5,250 for a family in the 
35% tax bracket but only $1,500 
for a family in the 10% bracket.

Under this proposal, all taxpay-
ers whose insurance premiums 
plus other tax-favored health care 
spending add up to an amount 
that is less than the new deduction 
would get a larger tax benefit than 
under the current policy. Estimates 
for 2009 from the Tax Policy Cen-
ter suggest that some 48% of tax 
filers would see their tax benefit 

increase, whereas 17% would be 
worse off.2 Over time, however, 
fewer and fewer taxpayers would 
be winners, because health insur-
ance premiums and other health 
care costs are likely to increase at 
a faster rate than the Consumer 
Price Index (CPI), which would be 
used each year to adjust the size 
of the new deduction.

The Bush administration has 
estimated that if adopted, the pro-
posal would increase the number 
of insured people by 3 million to 
5 million. Certainly, people in the 
middle- and upper-income levels 
whose employers did not offer in-
surance would have a strong new 
incentive to obtain it in the non-
group market. Some people in the 
lower-middle income range might 
also be motivated to purchase ba-
sic policies if the premiums ap-
proximated the value of the new 
tax benefit available to the 57% of 
tax filers with a 10% or 15% mar-
ginal tax rate. However, employers’ 
responses to the tax change could 
offset some or all of these gains in 
coverage. Some firms, particularly 
smaller ones, that now offer in-
surance might drop their cover-
age if their employees became 
entitled to insurance-related tax 
benefits that did not depend on 
having an employer-sponsored 
plan. New firms would certainly 

be less likely to offer insurance. If 
these responses were substantial, 
the policy might even swell the 
ranks of the uninsured.

In addition, the policy would 
create incentives to reduce the gen-
erosity and comprehensiveness of 
insurance plans. Doing so, after 
all, is one of its objectives. Driven 
by a desire to maximize the value 
of their tax benefit, many might 
opt for low-premium, high-deduct-
ible health care plans, which might 
well leave many low- and moder-
ate-income families underinsured 
and unable to pay their health 
care bills.

The extension of the tax bene-
fit to people who purchase their 
own policies and the likelihood 
that some employers would stop 
providing insurance would result 
in an increase in the population 
covered through the nongroup 
market. Unfortunately, that mar-
ket has significant shortcomings: 
in many states, carriers can refuse 
to insure anyone whom they con-
sider to be high-risk, policies can 
exclude coverage for preexisting 
conditions, and premiums vary 
with enrollee health status, mak-
ing coverage prohibitively expen-
sive for people in poor health.

Critics argue, first, that Presi-
dent Bush’s initiative fails to pro-
vide poorer families who face low 
or zero marginal tax rates with an 
incentive for obtaining insurance. 
This deficiency might be overcome 
by offering a refundable tax credit 
rather than a standard deduction. 
A refundable credit would elimi-
nate the remaining inequity, be-
cause everyone with insurance 
would receive the same size tax 
benefit, and it would provide 
lower-income families with some 
resources for purchasing basic in-
surance. But the cost to the Trea-
sury of a credit that did not make 
many people worse off would also 

Benefits with Risks — Bush’s Tax-Based Health Care Proposals

President Bush’s Health Insurance Proposals

1. To reform the tax code with a standard deduction for health insurance:

Families with health insurance, whether provided through an employer or purchased inde-
pendently, would not pay income or payroll taxes on the first $15,000 in compensation; 
singles would not pay income or payroll taxes on the first $7,500.

Health insurance from an employer would be considered taxable income.

2. To provide assistance to states for making basic private health insurance available and as-
sistance to individuals who cannot afford insurance or who have persistently high medical 
expenses:

The Affordable Choices Initiative would redirect federal grants to states to help poor and 
hard-to-insure residents pay for private insurance.

The Department of Health and Human Services could allow states to redirect their 
Medicaid disproportionate-share payments from institutions to needy individuals to 
help them purchase private health insurance.
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be substantially higher than the 
cost of a deduction.

To address the lack of incen-
tives for low-income families, the 
President has proposed the Af-
fordable Choices Initiative, under 
which states could use their Med-
icaid disproportionate-share mon-
ey and certain federal grants to 
give low-income and vulnerable 
populations access to basic pri-
vate insurance. This initiative rep-
resents a weak and uncertain re-
sponse to a serious challenge.

A second concern is the inad-
equacy of the state-regulated indi-
vidual insurance market, to which 
many more would turn if the new 
deduction accelerated the erosion 
of employer-sponsored insurance. 
To address this concern, states 
could be required to revise their 
individual insurance-market reg-
ulations to meet some minimum 
federal standards. Alternatively, 
those without employer-sponsored 
coverage could be permitted to buy 
either Medicare coverage or a plan 
offered through the Federal Em-
ployees Health Benefits Program.

The decision to index the pro-
posed deduction to the CPI, which 
increases much more slowly than 

medical inflation and health in-
surance premiums, is a third di-
mension that has troubled critics. 
The deduction could be indexed to 
the medical care component of the 
CPI, although such an adjustment 
would still fail to accommodate 
real increases in health care spend-
ing. However, indexing the stan-
dard deduction at a higher rate 
would increase the proposal’s cost 
substantially.

Although the President’s pro-
posals are unlikely to gain much 
traction in Congress, they could 
start a long-overdue discussion of 
the extent to which tax preferenc-
es should be used to encourage 
the purchase of health insurance 
and the forms that such encour-
agement should take. Any effort 
to make the tax treatment more 
rational, however, will come up 
against the entrenched interests of 
those who stand to lose. It would 
not, for instance, prove broadly ac-
ceptable to limit the tax subsidies 
granted for very expensive health 
insurance policies, because not all 
such policies provide “gold-plated” 
coverage: insurance premiums and 
health care spending in general 
depend on more than the gener-

osity of one’s insurance policy. 
Regional differences in health care 
prices, practice patterns, and pa-
tient preferences all affect the cost 
of insurance, as do the size, aver-
age age, and health risks of the 
group with which one is pooled. 
These complexities will make it 
difficult to move down the path 
prescribed by the President absent 
universal access to national plans 
such as the Federal Employees 
Health Benefits Program.

Dr. Reischauer reports serving on the 
advisory board of the National Institute of 
Health Care Management.

An interview with Congressman Pete 
Stark (D-CA) and Senator Chuck 
Grassley (R-IA) can be heard at www.
nejm.org.

Dr. Reischauer is the president of the Urban 
Institute, Washington, DC.

Burman LE, Furman J, Leiserson G, Wil-
liams R. The president’s proposed standard 
deduction. Washington, DC: Tax Policy Cen-
ter, February 9, 2007. (Accessed March 15, 
2007, at http://www.taxpolicycenter.org/
publications/template.cfm?PubID=10028.)

Proposed standard deduction for health 
insurance, distribution of federal tax change 
by cash income class, 2009. Washington, DC: 
Tax Policy Center, February 6, 2007. (Accessed 
March 15, 2007, at http://www.taxpolicycenter.
org/TaxModel/tmdb/TMTemplate.cfm? 
Docid=1445&DocTypeID=1.)
Copyright © 2007 Massachusetts Medical Society. 
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Making Motherhood Safe in Developing Countries
Allan Rosenfield, M.D., Caroline J. Min, M.P.H., and Lynn P. Freedman, J.D., M.P.H.

This year marks the 20th anni-
versary of the Safe Mother-

hood Conference in Nairobi, an 
event that launched a global ini-
tiative to reduce maternal mortal-
ity in developing countries. At that 
time, maternal and child health 
programs focused primarily on the 
health of infants and young chil-
dren.1 Providing pregnant women 
with lifesaving medical care was 
thought to require high technology 
at large hospitals, and policymak-

ers thought it more feasible to 
reduce child mortality with pre-
ventive measures such as immu-
nization, oral rehydration, and 
breast-feeding. The conference 
spotlighted the number of preg-
nant women dying each year and 
issued a call to action. So, how far 
have we come in the past 20 years?

Tracking changes in maternal 
mortality in developing countries 
can be difficult, because the data 
are unreliable. Vital-registration 

systems in rural areas of most de-
veloping countries are deficient, 
and surveys produce estimates 
with wide margins of uncertainty. 
By all accounts, however, progress 
in reducing maternal mortality has 
been very slow. The vast majority 
of maternal deaths are due to di-
rect obstetrical complications, in-
cluding hemorrhage, infection, 
eclampsia, obstructed labor, and 
unsafe abortion. An estimated 
500,000 or more women still die 
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each year from complications of 
pregnancy and childbirth, 95% of 
them in Africa and Asia.2 A com-
parison of the level of risk in vari-
ous regions reveals glaring dispar-
ities (see table). The lifetime risk of 
dying during pregnancy is 1 in 16 
in sub-Saharan Africa, as com-
pared with 1 in 2800 in developed 
regions. This differential is one of 
the widest among indicators of 
public health status. Wide dispari-
ties in maternal mortality also ex-
ist within countries, often in asso-
ciation with differences in wealth 
or other dimensions of social ad-
vantage.

But deaths are only part of 
the tragedy. For every woman who 
dies, at least 30 others are injured. 
Many of the injuries are disabling 
and, in the case of obstetrical fis-
tula, socially devastating. Obstet-
rical fistula, caused by prolonged 
obstructed labor, is a hole in the 

bladder or rectum opening into 
the vagina, through which urine or 
feces leak uncontrollably. It is most 
common in poor communities in 
sub-Saharan Africa and South 
Asia, where access to maternal 
health services is limited. Women 
with obstetrical fistulas are often 
turned out by their families and 
communities and forced into iso-
lation. The shame surrounding 
this condition makes it difficult 
to estimate its prevalence reliably; 
at least 2 million women in devel-
oping countries are living with 
obstetrical fistulas, and 50,000 to 
100,000 new cases occur each year, 
but these figures probably under-
estimate the problem.3

Unfortunately, the Safe Mother-
hood Initiative initially took a few 
strategic missteps. Emphasis was 
placed on antenatal care, includ-
ing screening for risk factors, and 
on training traditional birth atten-

dants to use safe, hygienic prac-
tices. Neither approach had any 
real effect on maternal mortality. 
Many obstetrical complications 
cannot be predicted or prevented. 
Screening can identify women 
with certain risk factors (e.g., 
young age or high parity), but the 
majority of obstetrical complica-
tions occur in women categorized 
as having low risk. Although most 
deliveries in high-mortality set-
tings take place at home, often 
with traditional birth attendants 
present, there is little that even 
trained traditional birth attendants 
can do by themselves to save wom-
en’s lives when serious complica-
tions develop.

Today, strategies are more ap-
propriately focused. It is essential 
that pregnant women in whom 
complications develop have access 
to the medical interventions of 
emergency obstetrical care. Pro-
grams to make such care more 
widely available involve upgrading 
rural health centers and referral 
hospitals and stocking them with 
the necessary drugs, supplies, and 
equipment, such as magnesium 
sulfate for eclampsia, antibiotics 
for infection, and basic surgical 
equipment for cesarean sections. 
Efforts also include training cad-
res of health care workers and de-
veloping strong referral systems 
between communities and health 
care facilities, since delays in care 
can be life-threatening. A referral 
system includes means of commu-
nication and transport as well as 
mechanisms for ensuring that re-
ferral facilities are able to provide 
services at all hours. When a func-
tioning health care system is in 
place, some interventions at the 
community level, such as the use 
of misoprostol to strengthen con-
tractions, help expel the placenta, 
and control bleeding before trans-
fer to a health care facility, could 

Making Motherhood Safe in Developing Countries

Estimates of Maternal Mortality, 2000.*

Region
Maternal Mortality  

Ratio
Maternal  
Deaths

Lifetime Risk of 
Maternal Death

no. of deaths/ 
100,000 live births no.

World total 400 529,000 1 in 74

Developed regions 20 2,500 1 in 2800

Europe 24 1,700 1 in 2400

United States 17 660 1 in 2500

Developing regions 440 527,000 1 in 61

Africa 830 251,000 1 in 20

Northern Africa 130 4,600 1 in 210

Sub-Saharan Africa 920 247,000 1 in 16

Asia 330 253,000 1 in 94

East Asia 55 11,000 1 in 840

South Central Asia 520 207,000 1 in 46

Southeast Asia 210 25,000 1 in 140

West Asia 190 9,800 1 in 120

Latin America and the Caribbean 190 22,000 1 in 160

Oceania 240 530 1 in 83

* Data are from the World Health Organization (WHO).2 According to the WHO, the maternal 
mortality ratio is a measure of the risk of death after a woman has become pregnant, and the 
lifetime risk of maternal death takes into account the probabilities of becoming pregnant and 
of dying as a result of pregnancy cumulated over a woman’s reproductive years. Developed 
regions include, in addition to Europe and the United States, Canada, Japan, Australia, and 
New Zealand, which are excluded from the regional totals. 
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contribute to significant reduc-
tions in maternal mortality.

An effort is also under way to 
ensure that all pregnant women 
have a skilled attendant at deliv-
ery — an accredited health care 
professional (e.g., a doctor, mid-
wife, or nurse) who can conduct 
normal deliveries, identify and 
manage complications, and refer 
women to the next level of care. 
To be effective, skilled attendants 
must have access to drugs and 
equipment and must be backed by 
an infrastructure that includes re-
ferral systems and good-quality 
health facilities.

Innovative projects are in prog-
ress in a number of countries, in-
volving United Nations agencies, 
nonprofit organizations, academ-
ic institutions, nongovernmental 
organizations, professional soci-
eties, and governments. A major 
constraint on increasing access to 
lifesaving services is the severe 
shortage of skilled health care 
workers in developing countries, 
especially in rural areas. However, 
highly trained specialists are not 
necessary. Well-trained nurses and 
midwives can provide basic emer-
gency obstetrical services, such as 
assisted vaginal delivery and the 
administration of antibiotics and 
other drugs. In Mozambique, the 
Ministry of Health has trained 
assistant medical officers (nonphy-
sicians) to become surgical techni-
cians and safely perform emergen-
cy obstetrical surgery, including 
cesarean deliveries. These “téc-
nicos de cirurgia” now perform 
most emergency obstetrical sur-
gery in rural hospitals. A similar 
approach is being implemented in 
Tanzania and Malawi. In India, 
general practice physicians are be-
ing trained to perform cesarean 
deliveries and administer anes-

thesia, with the support of the 
Federation of Obstetrics and Gyn-
aecological Societies of India. 
Maximizing the potential of alter-
native types of health care work-
ers will require this kind of lead-
ership and cooperation on the part 
of professional societies.

Another major constraint is the 
cost of obtaining care. Even where 
services are officially free, patients 
in low-resource countries often in-
cur catastrophic costs to obtain 
the care they need in order to sur-
vive. These costs include those of 
purchasing supplies and drugs in 
the market because they are un-
available in the facility, securing 
transport to the facility, and mak-
ing “informal” payments often re-
quired to actually receive care once 
the patient, supplies, and provid-
ers are in place. For ministries of 
health struggling to strengthen 
their health care systems and ad-
dress inequity, resources often fall 
well short of the minimum levels 
needed.

Access to emergency obstetrical 
care is essential to efforts to re-
duce maternal mortality. Several 
countries have demonstrated that 
great strides can be made when 
maternal health is a political pri-
ority. In Sri Lanka and Malaysia, 
maternal mortality ratios in the 
early 1950s were more than 500 
deaths per 100,000 live births. In 
subsequent decades, both coun-
tries were able to halve these ra-
tios every 6 to 12 years.4 Strategies 
evolved over time and included 
professionalizing midwifery, en-
suring skilled attendance at child-
birth, and developing a system of 
health care facilities accessible to 
all women. Thailand, Egypt, and 
Honduras have also achieved sub-
stantial reductions in maternal 
mortality.5

Unlike the situation 20 years 
ago, improving maternal health is 
now high on the global develop-
ment agenda. One of the eight 
United Nations Millennium Devel-
opment Goals embraced by 189 
countries in 2000 is to reduce the 
maternal mortality ratio by 75% 
by 2015. Most African and some 
Asian countries are not on track to 
meet this target, but efforts should 
continue unabated. Policymakers 
and health care professionals must 
continue learning from successful, 
and unsuccessful, program mod-
els and work to scale up effective 
approaches. To make such expan-
sion possible, donors must sub-
stantially increase funding for 
maternal health programs and re-
search, and the governments of 
developing countries must estab-
lish supportive policies. Although 
every country has its own history 
and challenges, accelerating prog-
ress is not impossible if political 
will can be translated into action.

Dr. Rosenfield is the dean and a professor 
of public health and obstetrics and gynecol-
ogy, Ms. Min a research associate, and Ms. 
Freedman director of the Averting Maternal 
Death and Disability Program and a profes-
sor of clinical public health at the Mailman 
School of Public Health, Columbia Univer-
sity, New York.
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original article

Computer-Aided Detection in Screening 
Mammography

Since its approval by the Food and Drug Administra-
tion, computer-aided detection has come into use for 
screening mammography at many facilities. The au-
thors of this observational study of almost 430,000 
mammograms found that the use of computer-aided 
detection reduced the accuracy of mammography and 
that its systemwide use would increase the annual cost 
of mammography by an estimated $550 million in the 
United States.

See p. 1399; Editorial, P. 1464; CME, P. 1491

Original Article

Invariant Natural Killer T Cells in Asthma  
and COPD

Although airway inflammation is an established com-
ponent of disease pathology in asthma and chronic 
obstructive pulmonary disease (COPD), the nature of 
this inflammation is not clear. In this study, in which 
airway specimens from subjects with asthma or COPD 
were examined for the presence of invariant natural 
killer cells, very few of these immunoregulatory T lym-
phocytes, restricted by the antigen-presenting mole-
cule CD1d, were identified.

See P. 1410; Editorial, P. 1466

Original Article

Multivitamin Supplementation and Perinatal 
Outcomes in HIV-Negative Women in Tanzania

In this large, randomized trial in Tanzania, daily multi-
vitamin supplementation in HIV-negative pregnant 
women reduced the incidence of low birth weight 
(<2500 g) and small-for-gestational-age infants, al-
though it did not significantly reduce the risk of prema-
turity or fetal death. Given their potential benefits and 
low cost, multivitamins should be considered for all 
pregnant women in developing countries.

See P. 1423

Brief Report

Association between VANGL1 Variants  
and Neural-Tube Defects

Despite the frequency of neural-tube defects, little is 
known about their cause. In this study, the authors im-
plicate the gene VANGL1 in three children with the 
disease, two of them with familial types of disease 
— a finding that points to the need for further study 
of this gene and others that lie in the same pathway.

See P. 1432

Clinical Practice

Prophylaxis for Thromboembolism  
in Hospitalized Medical Patients

A 62-year-old man is admitted with fever, cough, and 
dyspnea. He is weak, appears to be dehydrated, and 
has purulent sputum. His temperature is 39.2°C, respi-
rations 22, and blood pressure 128/69 mm Hg. There 
are crackles over the left lower lung field, and chest 
radiography shows a density in the left lower lobe that 
is consistent with pneumonia. Should thrombopro-
phylaxis be provided? If so, in what form?

See P. 1438; CME, P. 1489

Current Concepts

Viral Hepatitis in HIV Infection

Liver disease due to chronic HBV or HCV infection is 
becoming a leading cause of death among persons 
with HIV infection. Both the risk of hepatocellular carci-
noma and the risk of hepatotoxicity due to antiretroviral 
drugs increase in patients with coinfection. This review 
presents an approach to the use of newer treatments for 
both HCV and HBV infections in patients with HIV in-
fection, and it provides an update on optimal manage-
ment to prevent complications of advanced liver disease.

See P. 1445; CME, P. 1490

CLINICAL PROBLEM-SOLVING

Building a Diagnosis from the Ground Up
A 49-year-old man came to the clinic with a 1-week his-
tory of suprapubic pain and fever. On examination, he 
had a temperature of 38.1°C but appeared well.

See P. 1456
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Background

Computer-aided detection identifies suspicious findings on mammograms to assist 
radiologists. Since the Food and Drug Administration approved the technology in 
1998, it has been disseminated into practice, but its effect on the accuracy of inter-
pretation is unclear.

Methods

We determined the association between the use of computer-aided detection at mam-
mography facilities and the performance of screening mammography from 1998 
through 2002 at 43 facilities in three states. We had complete data for 222,135 wom-
en (a total of 429,345 mammograms), including 2351 women who received a diagno-
sis of breast cancer within 1 year after screening. We calculated the specificity, sen-
sitivity, and positive predictive value of screening mammography with and without 
computer-aided detection, as well as the rates of biopsy and breast-cancer detection 
and the overall accuracy, measured as the area under the receiver-operating-charac-
teristic (ROC) curve.

Results

Seven facilities (16%) implemented computer-aided detection during the study period. 
Diagnostic specificity decreased from 90.2% before implementation to 87.2% after 
implementation (P<0.001), the positive predictive value decreased from 4.1% to 3.2% 
(P = 0.01), and the rate of biopsy increased by 19.7% (P<0.001). The increase in sensi-
tivity from 80.4% before implementation of computer-aided detection to 84.0% after 
implementation was not significant (P = 0.32). The change in the cancer-detection rate 
(including invasive breast cancers and ductal carcinomas in situ) was not significant 
(4.15 cases per 1000 screening mammograms before implementation and 4.20 cases 
after implementation, P = 0.90). Analyses of data from all 43 facilities showed that the 
use of computer-aided detection was associated with significantly lower overall accu-
racy than was nonuse (area under the ROC curve, 0.871 vs. 0.919; P = 0.005).

Conclusions

The use of computer-aided detection is associated with reduced accuracy of interpre-
tation of screening mammograms. The increased rate of biopsy with the use of com-
puter-aided detection is not clearly associated with improved detection of invasive 
breast cancer.
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Computer-aided detection was de-
veloped to assist radiologists in the in-
terpretation of mammograms.1 Detection 

programs analyze digitized mammograms and 
identify suspicious areas for review by the radiolo-
gist.2 Promising studies of the application of com-
puter-aided detection in mammogram test sets 
led to its approval by the Food and Drug Admin-
istration (FDA) in 1998,3-5 and Medicare and many 
insurance companies now reimburse for the use 
of computer-aided detection. Within 3 years after 
FDA approval, 10% of mammography facilities in 
the United States had adopted computer-aided de-
tection,6 and undoubtedly more have done so since. 
The gradual adoption of digital mammography 
may foster even broader dissemination of comput-
er-aided detection, since a digital platform facili-
tates its use. Analogous use of computer-aided de-
tection for computed tomography of the lung and 
colon are at earlier stages of development and dis-
semination.7,8

Studies of the use of computer-aided detection 
in actual practice are limited by small numbers of 
patients or facilities, inability to control for con-
founding covariates associated with patients or 
radiologists, and lack of longitudinal follow-up to 
ascertain cancer outcomes, which precludes the 
estimation of sensitivity, specificity, and overall 
accuracy.9-14 Using data for a large, geographically 
diverse group of patients, we assessed the effect of 
computer-aided detection on the performance 
of screening mammography in community-based 
settings. We evaluated the sensitivity, specificity, 
positive predictive value, cancer-detection rate, bi-
opsy rate, and overall accuracy of screening mam-
mography with and without the use of computer-
aided detection. By combining data for patients 
with independent survey data from radiologists 
and facilities, we could adjust for characteristics of 
all three groups in our analyses.

Me thods

Study Design

We linked data from surveys that were mailed to 
mammography facilities and affiliated radiologists 
to data on mammograms and cancer outcomes for 
women screened between 1998 and 2002 at Breast 
Cancer Surveillance Consortium facilities. The fed-
erally funded consortium facilitates research by 
linking mammogram registries to population-
based cancer registries.15 Three consortium regis-
tries participated in our study: the Group Health 

Cooperative Breast Cancer Surveillance System, a 
Washington State health plan with more than 
100,000 female enrollees over the age of 40 years; 
the New Hampshire Mammography Network, 
which captures data for more than 85% of screen-
ing mammograms in New Hampshire; and the 
Colorado Mammography Program, which captures 
data for approximately half the screening mam-
mograms in regional Denver. Study procedures 
were approved by institutional review boards at the 
University of Washington and the Group Health 
Cooperative in Seattle, Dartmouth College in New 
Hampshire, and the Cooper Institute in Colorado.

Study Data

The methods used to survey the facilities and ra-
diologists have been described previously.6,16-18 
In brief, the surveys measured factors that may 
affect the interpretation of mammograms (e.g., 
procedures used in reading the images, use of 
computer-aided detection, years of experience 
of radiologists in mammography, and number of 
mammograms interpreted by radiologists in the 
previous year). Surveys and informed-consent ma-
terials were mailed in early 2002.

The consortium developed the methods for col-
lecting and assessing the quality of mammograph-
ic and patient data.15 We included bilateral mam-
mograms designated by radiologists as obtained 
for “routine screening” of women 40 years of age 
or older who did not have a history of breast can-
cer. Mammographic data included assessments of 
the Breast Imaging Reporting and Data System 
(BI-RADS), recommendations by radiologists for 
further evaluation, ages of patients, breast density, 
time since most recent mammography, and the 
incidence of biopsy after screening (collected by 
two of the three registries). BI-RADS assessments 
were coded as follows: 0, additional imaging 
evaluation needed; 1, negative; 2, benign abnor-
mality; 3, abnormality that is probably benign; 
4, suspicious abnormality; or 5, abnormality high-
ly suggestive of cancer.19 We ascertained newly 
diagnosed invasive breast cancers and ductal car-
cinomas in situ through December 31, 2003, 
through linkage with regional Surveillance, Epi-
demiology, and End Results registries or with local 
or statewide tumor registries.

Performance Measures and Data 
Classification

We calculated specificity, sensitivity, positive pre-
dictive value, and overall accuracy. We defined 
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mammograms with BI-RADS assessment scores 
of 0, 4, or 5 as positive and mammograms with 
BI-RADS assessment scores of 1 or 2 as negative. 
Mammograms with a BI-RADS assessment score 
of 3 were defined as positive if the radiologist 
also recommended immediate evaluation and as 
negative otherwise.20 Specificity was defined as 
the percentage of screening mammograms that 
were negative among patients who did not receive 
a diagnosis of breast cancer within 1 year after 
screening. Sensitivity was defined as the percent-
age of screening mammograms that were posi-
tive among patients who received a diagnosis of 
breast cancer within 1 year after screening. The 
positive predictive value was defined as the prob-
ability of a breast-cancer diagnosis within 1 year 
after a positive screening mammogram.19 Overall 
accuracy was assessed with the use of a receiver-
operating-characteristic (ROC) curve, which plots 
the true positive rate (sensitivity) against the false 
positive rate (1 − specificity). The area under the 
ROC curve (AUC) estimates the probability that 
two hypothetical mammograms, one showing can-
cer and one not, will be classified correctly as posi-
tive and negative, respectively.21 We also measured 
the recall rate (the percentage of screening mam-
mograms that were positive) and the rates of bi-
opsy and cancer detection (per 1000 screening 
mammograms).

After the initial survey, each registry provided 
additional information in 2005 regarding the use 
of computer-aided detection at affiliated facilities 
from 1998 through 2002. For facilities that used 
computer-aided detection, registry staff ascer-
tained the date of implementation, the brand of 
computer-aided detection software used, and the 
estimated percentage of screening mammograms 
that were interpreted with the use of computer-
aided detection after it was implemented. Among 
facilities that implemented computer-aided detec-
tion, all but one reported using computer-aided 
detection for 100% of screening mammograms 
after implementation. Thus, we represented the 
use of computer-aided detection as a binary vari-
able, indicating whether or not it was used at fa-
cilities during each study month.

Women were classified on the basis of demo-
graphic and clinical covariates known to be associ-
ated with the accuracy of mammography,17,22,23 
including age (in 5-year categories), breast densi-
ty, and months since the most recent mammog-
raphy. Facilities were classified according to aca-
demic affiliation, relative frequencies of screening 

and diagnostic imaging, interpretation of screen-
ing mammograms in batches of 10 or more, avail-
ability of interventional services (e.g., core biopsy), 
number of radiologists who specialized in breast 
imaging, interpretation of screening mammo-
grams by more than one radiologist (i.e., double-
reading), and the frequency of feedback about 
performance and the method used to review it. 
Radiologists were classified on the basis of years 
of experience with mammography and the annual 
number of mammograms interpreted, which was 
self-reported rather than collected from registry 
data because radiologists may interpret mammo-
grams at nonconsortium facilities. Other charac-
teristics of radiologists have not been associated 
with performance, so they were not included in the 
analyses.17,18

Statistical Analysis

We performed descriptive analyses to characterize 
facilities that did and those that did not implement 
computer-aided detection, as well as the patients 
and radiologists at these facilities. We used chi-
square tests to compare unadjusted performance 
measures for screening mammography at facili-
ties that adopted computer-aided detection with 
those that did not. Among the facilities that im-
plemented computer-aided detection, we compared 
the performance of screening mammography be-
fore and after implementation. We examined the 
overall cancer-detection rates (per 1000 screening 
mammograms) as well as the rates of detection 
for invasive cancers and ductal carcinomas in situ.

To adjust for covariates associated with pa-
tients, facilities, or radiologists, we used mixed-
effects logistic-regression analysis to model spec-
ificity, sensitivity, and positive predictive value as 
functions of the use of computer-aided detection, 
mammography registry, characteristics of patients 
(age, breast density, and time since most recent 
mammography), characteristics of radiologists 
(years of experience interpreting mammograms 
and number of mammograms interpreted annu-
ally), and four characteristics of facilities that were 
individually associated with specificity, sensitivity, 
or positive predictive value in separate analyses 
(P<0.10). For specificity, we modeled the odds of 
a true negative screening mammogram. For sen-
sitivity, we modeled the odds of a true positive 
screening mammogram. For positive predictive 
value, we modeled the odds of a cancer diagnosis 
within 1 year after a positive screening mammo-
gram. Models included a random effect at the fa-
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cility level to account for correlation of mammog-
raphy outcomes within each facility. We reran each 
model with an interaction term between the use 
of computer-aided detection and the study month 
to assess whether the effect of computer-aided 
detection on performance changed over time.

We used mixed-effects ordinal-regression anal-
ysis to fit an ROC model that included covariates 
associated with patients, radiologists, facilities, 

and registries as fixed effects and two random 
effects for the facility-level “threshold” (the likeli-
hood that a mammogram would be interpreted as 
positive) and “accuracy” (the ability to discriminate 
cancer from noncancer).24 We tested for a signifi-
cant difference between the AUCs with and those 
without computer-aided detection, using a likeli-
hood-ratio test. Hypothesis tests were two-sided, 
with an alpha level of 0.05.

Table 1. Unadjusted Performance of Screening Mammography from 1998 to 2002, According to Characteristics  
of Patients.

Variable

Mammograms
 for 222,135

 Patients

Mammograms
for 220,886 

Patients without 
Breast Cancer*

Mammograms
for 2351 Patients 

with Breast  
Cancer Specificity† Sensitivity‡ PPV§

no. of mammograms (%) percent

All mammograms 429,345 426,994 (100) 2351 (100) 89.2 83.1 4.1

Age at mammography

40–44 yr 62,637 62,486 (14.6) 151 (6.4) 87.2 72.2 1.3

45–49 yr 71,709 71,455 (16.7) 254 (10.8) 87.6 80.3 2.2

50–54 yr 79,221 78,870 (18.5) 351 (14.9) 88.6 82.3 3.1

55–59 yr 57,451 57,110 (13.4) 341 (14.5) 89.4 83.9 4.5

60–64 yr 41,737 41,464 (9.7) 273 (11.6) 90.0 84.6 5.3

65–69 yr 37,156 36,879 (8.6) 277 (11.8) 90.6 86.6 6.5

70–74 yr 33,928 33,643 (7.9) 285 (12.1) 91.6 84.6 7.9

≥75 yr 45,506 45,087 (10.6) 419 (17.8) 92.0 84.5 8.9

Breast density

Almost entirely fat 41,203 41,084 (9.6) 119 (5.1) 95.2 91.6 5.2

Scattered fibroglandular tissue 184,714 183,786 (43.0) 928 (39.5) 90.6 87.9 4.5

Heterogeneously dense 166,303 165,212 (38.7) 1091 (46.4) 86.6 80.8 3.8

Extremely dense 37,125 36,912 (8.6) 213 (9.1) 87.7 69.0 3.1

Time since most recent mam-
mogram

No previous mammogram 16,862 16,763 (3.9) 99 (4.2) 81.3 86.9 2.7

9–15 mo 193,006 192,062 (45.0) 944 (40.2) 90.5 77.3 3.9

16–20 mo 45,718 45,486 (10.7) 232 (9.9) 89.6 81.0 3.8

21–27 mo 105,507 104,852 (24.6) 655 (27.9) 89.5 88.2 5.0

≥28 mo 68,252 67,831 (15.9) 421 (17.9) 87.0 88.4 4.0

* Some women without breast cancer received a diagnosis of the disease later in the study period.
† Specificity was defined as the percentage of screening mammograms that were negative (had a BI-RADS assessment 

score of 1 or 2, or of 3 with a recommendation of normal or short-interval follow-up) among patients who did not re-
ceive a diagnosis of breast cancer within 1 year after screening.

‡ Sensitivity was defined as the percentage of screening mammograms that were positive (had a BI-RADS assessment 
score of 0, 4, or 5, or of 3 with a recommendation for immediate workup) among patients who received a diagnosis of 
breast cancer within 1 year after screening. 

§ The positive predictive value (PPV) was defined as the probability of a breast-cancer diagnosis within 1 year after a pos-
itive screening mammogram.
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R esult s

Study Data

Of 51 facilities that contributed mammographic 
data to registries in the period from 1998 through 
2002, 43 (84%) responded to the survey. Within 
these 43 facilities, there were 159 radiologists who 
interpreted mammograms, of whom 122 (77%) 
provided complete responses and written informed 
consent for linkage to mammography and facility 
data. Radiologists who did and those who did not 
respond had similar performance measures for 
screening mammography.17 Complete mammo-
graphic data were available for 222,135 women 
(a total of 429,345 screening mammograms), in-
cluding 2351 women who received a diagnosis of 
breast cancer within 1 year after screening (Ta-
ble 1). As in previous studies,22,23 age, breast den-
sity, and time since most recent mammography 
for patients were associated with specificity, sen-
sitivity, and positive predictive value.

Of the 43 facilities that responded to the sur-
vey, 7 (16%) implemented computer-aided detec-
tion during the study period. These seven facilities 
were staffed by 38 radiologists and used computer-
aided detection for a total of 124 facility-months 
(mean, 18 months; range, 2 to 25), during which 
31,186 screening mammograms (7% of the total) 
were interpreted, including 156 mammograms for 
women who received a diagnosis of breast cancer 
within 1 year after screening. Six of the seven fa-
cilities reported using computer-aided detection 
for all screening mammograms after implemen-
tation; the remaining facility reported using it for 
80% of all screening mammograms. All facilities 
used the same commercial computer-aided de-
tection product (ImageChecker system, R2 Tech-
nology).

Women screened at the 36 facilities that did not 
implement computer-aided detection during the 
study period were older, had denser breasts, and 
were less likely to have undergone mammography 
within the previous 9 to 20 months than those 
screened at the 7 facilities that implemented com-
puter-aided detection (Table 2), implying a higher 
overall risk of breast cancer among the women 
screened at the nonimplementing facilities.25 On 
average, radiologists at facilities that did not im-
plement computer-aided detection had more years 
of experience with mammography than did radi-
ologists at facilities that implemented computer-

aided detection. Characteristics of patients and 
radiologists at the facilities that adopted computer-
aided detection were similar before and after its 
implementation. Facilities that did and those that 
did not implement computer-aided detection were 
similar across a range of characteristics, including 
the presence or absence of radiologists who spe-
cialized in breast imaging (Table 3).

Use of Computer-Aided Detection  
and Unadjusted Performance

Differences in characteristics of patients and radi-
ologists (Table 2) would predict lower specificity, 
higher recall rates, and higher sensitivity at facili-
ties that never implemented computer-aided detec-
tion than at facilities that did.17,22,26 Indeed, at the 
36 facilities that never implemented computer-

Table 2. Characteristics of Patients and Radiologists at Mammography 
Facilities, According to Use or Nonuse of Computer-Aided Detection (CAD).*

Characteristic
CAD Never

Implemented CAD Implemented

Before 
Implementation

After
 Implementation

Patients†

Age (yr) 57.8±12.1 55.1±10.9 55.4±11.1

High breast density (%)‡ 49.3 41.5 44.2

Mammography within pre-
vious 9–20 mo (%)

49.1 71.8 76.7

Radiologists§

Experience performing 
mammography (%)

<10 yr 16.6 29.9 26.8

10–19 yr 57.0 54.2 53.2

≥20 yr 26.4 15.9 20.0

No. of mammograms in-
terpreted in previ-
ous year (%)

≤1000 11.9 8.0 7.9

1001–2000 30.1 45.1 40.9

>2000 58.0 46.9 51.2

* Plus–minus values are means ±SD. All characteristics differed significantly 
(P<0.001) across categories of CAD implementation.

† Characteristics of patients are provided for 429,345 mammograms (398,159 
performed without CAD and 31,186 performed with CAD).

‡ High density was defined as either heterogeneously or extremely dense.
§ These characteristics are provided for 332,869 mammograms interpreted 

(308,099 without CAD and 24,770 with CAD) by radiologists who responded 
to a mailed survey and gave informed consent for linkage to mammographic 
data.
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aided detection, specificity was significantly lower 
(P<0.001) and recall rates were significantly high-
er (P<0.001) than at the 7 facilities that adopted 
computer-aided detection but had not yet imple-
mented it (Table 4). After these 7 facilities imple-
mented computer-aided detection, the opposite was 
true: the specificity was significantly lower and the 
recall rate was significantly higher than at the 36 
facilities that never implemented computer-aided 
detection (P<0.001 for both comparisons), even 
though characteristics of patients and radiologists 
remained stable (Table 2).

As expected from characteristics of patients and 
radiologists, sensitivity was slightly higher at fa-
cilities that never implemented computer-aided 

detection than at facilities that adopted computer-
aided detection but had not yet implemented it 
(Table 4). Although sensitivity increased from 
80.4% before implementation to 84.0% after im-
plementation, the change was not significant (P =  
0.32). The positive predictive value was similar at 
facilities that never implemented computer-aided 
detection and facilities that adopted computer-
aided detection but had not yet implemented it. 
After implementation at these facilities, the 
positive predictive value decreased significantly 
(P = 0.01).

Before the adoption of computer-aided detec-
tion at the 7 facilities, the biopsy rate was similar 
to that at the 36 facilities that never implemented 
computer-aided detection. After the seven facili-
ties implemented computer-aided detection, the 
biopsy rate increased by 20% (from 14.7 biopsies 
per 1000 screening mammograms before imple-
mentation to 17.6 biopsies after implementation, 
P<0.001). As anticipated from risk factors of pa-
tients (i.e., older age, denser breasts, and less re-
cent mammography) at the 36 facilities that never 
implemented computer-aided detection,22,25 the 
cancer-detection rate was significantly higher at 
these facilities than at the 7 facilities that adopted 
computer-aided detection but had not yet imple-
mented it (P = 0.03). Before and after the imple-
mentation of computer-aided detection at the seven 
facilities, the cancer-detection rate was similar 
(4.15 and 4.20 cases per 1000 screening mammo-
grams, respectively; P = 0.90), but the proportions 
of detected invasive cancers and ductal carcinomas 
in situ changed: the rate of detection of invasive 
breast cancer decreased by 12% (from 2.98 cases 
per 1000 screening mammograms before imple-
mentation to 2.63 cases after implementation, 
P = 0.32), whereas the rate of detection of ductal 
carcinomas in situ increased by 34% (from 1.17 to 
1.57 cases per 1000 screening mammograms, P =  
0.09). The percentage of detected cases of cancer 
that were ductal carcinomas in situ increased sig-
nificantly after implementation of computer-aid-
ed detection as compared with before implemen-
tation (37.4% vs. 28.1%, P = 0.049).

Adjusted Performance

Of the 429,345 mammograms in this analysis, 
332,869 (78%) were interpreted by participating 
radiologists and thus could be included in analy-
ses that adjusted simultaneously for characteris-
tics of patients, facilities, and radiologists. After 

Table 3. Characteristics of 43 Mammography Facilities, According to Use  
or Nonuse of Computer-Aided Detection (CAD).

Facility Characteristic

CAD Never
Implemented

(N = 36)

CAD
Implemented

(N = 7)

no. (%)

General

Associated with academic center 7 (19) 2 (29)

One or more staff radiologists specializing 
in breast imaging

13 (36) 3 (43)

For-profit 21 (58) 3 (43)

Feedback provided to a radiologist  
on performance

Once a year 15 (42) 2 (29)

Twice or more a year 14 (39) 5 (71)

Uncertain 7 (19) 0

Interpretation of mammograms

Usually interpreted in batches of 10  
or more

27 (82)* 5 (83)†

Usually interpreted at another facility 15 (42) 2 (29)

Sometimes interpreted by >1 radiologist 20 (56) 2 (33)†

Diagnostic and screening services

Diagnostic mammograms offered 26 (72) 6 (86)

Screening mammograms as a proportion 
of all mammograms

1–74% 16 (44) 2 (29)

75–79% 7 (19) 4 (57)

80–100% 13 (36) 1 (14)

Interventional services offered‡ 19 (54)† 6 (86)

* Data were missing for three facilities.
† Data were missing for one facility.
‡ Interventional services included core biopsy, fine-needle aspiration, and other 

invasive procedures.



Computer-Aided Detection in Screening Mammogr aphy

n engl j med 356;14 www.nejm.org april 5, 2007 1405

adjustment, the use of computer-aided detection as 
compared with nonuse remained associated with 
significantly lower specificity and positive pre-
dictive value, as well as nonsignificantly greater 
sensitivity (Table 5). Because mammograms are 
usually correctly interpreted, odds ratios do not ac-
curately estimate percent changes in specificity, 
sensitivity, or positive predictive value. Thus, among 

women with breast cancer, the 46% greater adjust-
ed odds of a positive mammogram with the use 
of computer-aided detection as compared with 
nonuse (odds ratio, 1.46) is consistent with the ab-
solute increase in sensitivity of 3.6% associated 
with the implementation of computer-aided detec-
tion in unadjusted analyses (from 80.4% before 
implementation to 84.0% after implementation).

Table 4. Unadjusted Performance of Screening Mammography, Breast Biopsy, and Cancer Detection, According to Use or Nonuse  
of Computer-Aided Detection (CAD).

Variable CAD Never Used
Before CAD  

Implementation P Value*
After CAD  

Implementation P Value†

Screening mammograms

Total no. performed 313,259 84,900 31,186

No. performed in patients without breast 
cancer

311,502 84,462 31,030

No. performed in patients with breast  
cancer

1757 438 156

Invasive cancer 1420 326 103

Ductal carcinoma in situ 337 112 53

Performance measure — % (95% CI)

Specificity‡ 89.2 (89.1–89.3) 90.2 (90.0–90.4) <0.001 87.2 (86.8–87.5) <0.001

Recall rate§ 11.2 (11.1–11.4) 10.1 (9.9–10.3) <0.001 13.2 (12.8–13.6) <0.001

Sensitivity¶ 83.7 (81.9–85.4) 80.4 (76.3–84.0) 0.09 84.0 (77.3–89.4) 0.32

PPV‖ 4.2 (4.0–4.4) 4.1 (3.7–4.5) 0.71 3.2 (2.7–3.8) 0.01

Breast biopsy

Total no. performed 3166 1248 550

No. performed per 1000 screening mam-
mograms (95% CI)

14.3 (13.8–14.8)** 14.7 (13.9–15.5) 0.41 17.6 (16.2–19.2) <0.001

No. of cancers detected per 1000 screening 
mammograms (95% CI)

All cancers 4.70 (4.46–4.94) 4.15 (3.72–4.60) 0.03 4.20 (3.51–4.98) 0.90

Invasive cancers 3.71 (3.50–3.93) 2.98 (2.62–3.37) 0.002 2.63 (2.09–3.26) 0.32

Ductal carcinomas in situ 0.98 (0.88–1.10) 1.17 (0.95–1.42) 0.14 1.57 (1.16–2.08) 0.09

Percentage of all cancers that were ductal 
carcinoma in situ

20.9 (18.9–23.1) 28.1 (23.5–33.1) 0.004 37.4 (29.1–46.3) 0.049

* P values were calculated with the use of the chi-square test for the comparison between facilities that never implemented CAD and those 
that adopted CAD but had not yet implemented it. 

† P values were calculated with the use of the chi-square test for the comparison, among facilities that adopted CAD, between values before 
implementation and those after implementation.

‡ Specificity was defined as the percentage of screening mammograms that were negative (had a BI-RADS assessment score of 1 or 2,  
or of 3 with a recommendation of normal or short-interval follow-up) among patients who did not receive a diagnosis of breast cancer 
within 1 year after screening.

§ The recall rate was defined as the percentage of screening mammograms that were positive.
¶ Sensitivity was defined as the percentage of screening mammograms that were positive (had a BI-RADS assessment score of 0, 4, or 5,  

or of 3 with a recommendation for immediate work-up) among patients who received a diagnosis of breast cancer within 1 year after 
screening.

‖ The positive predictive value (PPV) was defined as the probability of a breast-cancer diagnosis within 1 year after a positive screening 
mammogram.

** The number of biopsies per 1000 screening mammograms at facilities that never implemented CAD was calculated on the basis of data 
from the two registries that maintain biopsy data (221,399 mammograms).
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In secondary analyses, associations were gen-
erally similar to those in our principal analysis 
(Table 5). However, the association between the 
use of computer-aided detection and sensitivity 
was weaker when the analysis was restricted to 
women with invasive breast cancer and was stron-
ger when restricted to women with ductal carci-
noma in situ. The observed associations were 
similar to those in the principal analysis after 
the exclusion of mammograms that were inter-
preted within 3 months after the implementa-
tion of computer-aided detection, and interaction 
terms for time and use of computer-aided detec-
tion were nonsignificant, suggesting that the ob-
served changes in performance with computer-
aided detection persisted over time.

As shown in Figure 1, the modeled AUC was 

0.919 without the use of computer-aided detection 
but was 0.871 with its use (P = 0.005). Because ac-
curacy increases as the AUC approaches 1.0, the 
use of computer-aided detection was associated 
with significantly lower overall accuracy than was 
nonuse.

Discussion

The use of computer-aided detection in clinical 
practice has increased since the FDA approved the 
technology and Medicare began reimbursing for 
its use. In our observational study of large numbers 
of community-based mammography facilities and 
patients, the use of computer-aided detection was 
associated with increases in potential harms of 
screening mammography, including higher recall 

Table 5. Adjusted Relative Performance of Screening Mammography, According to Use of Computer-Aided Detection (CAD) as Compared 
with Nonuse.

Analysis*
No. of 

Mammograms

No. 
of Patients
with Breast 

Cancer Specificity Sensitivity PPV

Odds Ratio
 (95% CI)† P Value

Odds Ratio 
(95% CI)‡ P Value

Odds Ratio 
(95% CI)§ P Value

Principal analysis 332,869 1822 0.68 (0.64–0.72) <0.001 1.46 (0.81–2.63) 0.20 0.75 (0.58–0.97) 0.03

Secondary analysis

Including mammo-
grams interpreted  
by nonparticipating 
radiologists, without 
adjustment for  
radiologist charac-
teristics

429,345 2351 0.72 (0.68–0.75) <0.001 1.27 (0.77–2.12) 0.34 0.75 (0.59–0.94) 0.02

Excluding mammo-
grams interpreted 
during first 3 months 
of CAD implementa-
tion at each facility

328,094 1800 0.62 (0.58–0.66) <0.001 1.61 (0.84–3.09) 0.15 0.72 (0.54–0.95) 0.02

Detection of breast-cancer 
subtypes

Invasive cancer 332,869 1427 — — 1.18 (0.60–2.29) 0.62 — —

Ductal carcinoma in situ 332,869 395 — — 2.88 (0.54–15.2) 0.21 — —

* Except where noted, models were adjusted for characteristics of patients (age, breast density, and time since previous mammography) and 
of radiologists (number of years interpreting mammograms and number of mammograms interpreted in the past year), mammography reg-
istry, and four facility-level covariates that were associated (P<0.10) with one or more performance measures in preliminary analyses: the 
percentage of screening mammograms that are interpreted in batches of 10 or more, availability of diagnostic mammography, frequency of 
feedback about performance, and the method of review of the feedback.

† The odds ratio gives the relative odds of a negative mammogram (one with a BI-RADS assessment score of 1 or 2, or of 3 with a recom-
mendation of normal or short-interval follow-up) among patients who did not receive a diagnosis of breast cancer within 1 year after  
screening.

‡ The odds ratio gives the relative odds of a positive mammogram (one with a BI-RADS assessment score of 0, 4, or 5, or of 3 with a recom-
mendation for immediate workup) among patients who received a diagnosis of breast cancer within 1 year after screening.

§ The odds ratio gives the relative odds of a breast-cancer diagnosis within 1 year after a positive screening mammogram.
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and biopsy rates, and was of uncertain clinical 
benefit.

As others have reported,9,11-14 we found that the 
use of computer-aided detection was associated 
with higher recall rates than nonuse, implying that 
rates of false positive results were also higher with 
use, since most recalls do not result in a diagno-
sis of cancer. Increased recall rates and rates of 
false positive results may be logical consequenc-
es of the design of computer-aided detection soft-
ware. With the goal of alerting radiologists to 
overlooked suspicious areas, computer-aided de-
tection programs insert up to four marks on the 
average screening mammogram.13,27,28 Thus, for 
every true positive mark resulting from computer-
aided detection that is associated with an under-
lying cancer, radiologists encounter nearly 2000 
false positive marks.29

Increased recall rates could be a necessary cost 
of improved cancer detection. The use of comput-
er-aided detection was associated with a nonsig-
nificant trend toward increased sensitivity but 
with no substantive change in the overall detec-
tion of cancer. Use of the technology was, how-
ever, more strongly associated with the detection 
of ductal carcinoma in situ than with the detec-
tion of invasive breast cancer, a finding that may 
stem from the propensity of computer-aided detec-
tion software to mark calcifications.5,30-32 To the 
extent that ductal carcinoma in situ is a precursor 
to invasive cancer,33 the greater percentage of can-
cers found that were ductal carcinomas in situ af-
ter the implementation of computer-aided detec-
tion than before implementation may be viewed 
optimistically as a shift toward detecting breast 
cancer at an earlier stage with the use of computer-
aided detection. On the other hand, the natural 
history of ductal carcinoma in situ is certainly 
more indolent than that of invasive cancer,34 and 
the effect of computer-aided detection on mortal-
ity from breast cancer may be limited if it chiefly 
promotes the identification of ductal carcinoma 
in situ rather than invasive cancer.35

No single measure is sufficient to judge the ef-
fect of computer-aided detection on interpretive 
performance.36 Rather, the benefits of true posi-
tive results must be weighed against the conse-
quences of false positive results, including associ-
ated economic costs. Our results suggest that 
approximately 157 women would be recalled (and 
15 women would undergo biopsy) owing to the use 
of computer-aided detection in order to detect one 

additional case of cancer, possibly a ductal carci-
noma in situ (see the Supplementary Appendix, 
available with the full text of this article at www.
nejm.org). After accounting for the additional fees 
for the use of computer-aided detection37 and the 
costs of diagnostic evaluations after recalls result-
ing from the use of computer-aided detection,38 
we calculated that system-wide use of computer-
aided detection in the United States could increase 
the annual national costs of screening mammog-
raphy by approximately 18% ($550 million) (see the 
Supplementary Appendix).

Facilities that adopted computer-aided detec-
tion had performance measures before its imple-
mentation that differed from those at facilities 
that never adopted computer-aided detection; these 
differences were consistent with differences in the 
characteristics of patients and radiologists at the 
two groups of facilities. The use of computer-aided 
detection may have caused a regression toward 
mean levels of performance among radiologists 
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Figure 1. Overall Accuracy of Screening Mammogra-
phy, According to the Use of Computer-Aided Detec-
tion (CAD).

Overall accuracy was assessed with the use of receiver-
operating-characteristic (ROC) curves for 332,869 
mammograms interpreted (308,099 without the use of 
CAD and 24,770 with the use of CAD) by participating 
radiologists. These curves plot the true positive rate of 
screening mammography (sensitivity) against the false 
positive rate (1 − specificity). The ROC curves and esti-
mates of the areas under the curve (AUCs) were ad-
justed for patient, radiologist, and facility characteris-
tics, as well as for mammography registry. The AUC 
was 0.919 for nonuse of CAD and 0.871 for use of CAD 
(P = 0.005).
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whose interpretations of mammograms tended 
to differ from those of most radiologists, but its 
implementation was associated with changes in 
specificity and recall rates that overshot levels at 
facilities that never implemented computer-aided 
detection. Moreover, the use of computer-aided 
detection remained significantly associated with 
decreased specificity, decreased positive predictive 
value, and decreased overall accuracy in analyses 
that adjusted for differences in characteristics of 
patients, radiologists, and facilities. Nevertheless, 
the association between the use of computer-aided 
detection and the observed changes in perfor-
mance could be explained by factors we did not 
measure.

Although six of the seven facilities that adopted 
computer-aided detection reported using it for 
100% of mammograms after implementation, we 
did not measure the use of computer-aided detec-
tion at the level of the individual mammogram. 
In this respect, our estimates of the effects of 
computer-aided detection on performance may be 
conservative. All facilities that implemented com-
puter-aided detection used the same commercial 
product. The manufacturer has updated its detec-
tion software since 2002, but we are unaware of 
any community-based studies that have found im-
proved detection of breast cancer with recent ver-
sions of the software. 

Even in our large study, only 156 cases of can-
cer developed during the study among women 
screened at facilities using computer-aided detec-
tion, resulting in wide confidence intervals around 
estimates of sensitivity and cancer-detection rates 
after implementation. Because of the rarity of 
breast cancer in community samples, very large 
samples would be needed to study the effect of 
the use of computer-aided detection on sensitivity 
with high statistical power (approximately 750,000 

mammograms interpreted in total, half with the 
use of computer-aided detection and half without).

In conclusion, we found that, among large 
numbers of diverse facilities and radiologists, the 
use of computer software designed to improve the 
interpretation of mammograms was associated 
with significantly higher false positive rates, recall 
rates, and biopsy rates and with significantly lower 
overall accuracy in screening mammography than 
was nonuse. The nonsignificant trend toward 
greater sensitivity with the use of computer-aided 
detection as compared with nonuse may be largely 
explained by increased detection of ductal carci-
noma in situ. As an FDA-approved technology 
whose use can be reimbursed by Medicare, com-
puter-aided detection has been incorporated quick-
ly into mammography practices, despite tentative 
evidence of clinical benefits. Now that computer-
aided detection is used in the screening of mil-
lions of healthy women, larger studies are needed 
to judge more precisely whether benefits of rou-
tine use of computer-aided detection outweigh its 
harms.
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A bs tr ac t

Background

The number of type 2 helper CD4+ T cells is increased in the airways of persons with 
asthma. Whether the majority of these cells are class II major-histocompatibility-
complex–restricted cells or are among the recently identified CD1d-restricted invari-
ant natural killer T cells is a matter of controversy. We studied the frequency of invari-
ant natural killer T cells in the airways of subjects with mild or moderately severe 
asthma to investigate the possibility of an association between the number of invari-
ant natural killer T cells in the airway and disease severity. We also studied wheth-
er an increased number of these cells is a feature of chronic obstructive pulmonary 
disease (COPD).

Methods

We enumerated invariant natural killer T cells by flow cytometry with the use of CD1d 
tetramers loaded with α-galactosylceramide and antibodies specific to the invariant 
natural killer T-cell receptor in samples of bronchoalveolar-lavage fluid, induced spu-
tum, and bronchial-biopsy specimens obtained from subjects with mild or moder-
ately severe asthma, subjects with COPD, and healthy control subjects. Real-time poly-
merase-chain-reaction analysis was performed on bronchoalveolar-lavage cells for 
evidence of gene expression of the invariant natural killer T-cell receptor.

Results

Fewer than 2% of the T cells obtained from all subjects on airway biopsy, bronchoal-
veolar lavage, and sputum induction were invariant natural killer T cells, with no sig-
nificant differences among the three groups of subjects. No expression of messenger 
RNA for the invariant natural killer T-cell–receptor domains Vα24 and Vβ11 was 
detected in bronchoalveolar-lavage cells from subjects with asthma.

Conclusions

Invariant natural killer T cells are found in low numbers in the airways of subjects 
with asthma, subjects with COPD, and controls.
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A sthma is characterized by a speci
fic form of airway inflammation that is be-
lieved to be orchestrated by CD4+ helper 

T cells of the type 2 (Th2) phenotype in response 
to allergens presented by mucosal dendritic cells.1 
Th2 CD4+ T cells release the cytokines interleu-
kin-4, interleukin-5, and interleukin-13, which play 
key roles in airway inflammation and remodeling.2 
The Th2 CD4+ T cells have been generally accept-
ed to be class II major-histocompatibility-complex 
(MHC)–restricted cells.3 This notion has recently 
been challenged in a study by Akbari and col-
leagues,4 which found that about 60% of the CD4+ 
T cells in the airways of persons with asthma, but 
not those in the airways of healthy persons, are 
invariant natural killer T cells, a subgroup of im-
munoregulatory T lymphocytes restricted by the 
antigen-presenting molecule CD1d. Their study 
also showed that bronchoalveolar-lavage cells chal-
lenged with α-galactosylceramide, a potent stim-
ulus for invariant natural killer T cells, produce Th2 
cytokines, implying a pivotal role in allergic airway 
inflammation.4 There have been two other reports 
of elevated levels of invariant natural killer T cells 
in the airways of persons with asthma,5,6 although 
both of them reported lower cell counts than those 
reported by Akbari et al. More recently, the findings 
of Akbari et al. have been challenged by Thomas et 
al.,7 who found low numbers of invariant natural 
killer T cells (0.4 to 2.1%) in persons with asthma 
not treated with corticosteroids.

We further investigated the role of invariant 
natural killer T cells in airway disease to deter-
mine whether these cells are not only a feature of 
moderately severe asthma requiring treatment with 
inhaled corticosteroids, as reported by Akbari et 
al.,4 but are also abundant in mild asthma and 
chronic obstructive pulmonary disease (COPD). We 
obtained samples from the airways of subjects 
with asthma, subjects with COPD, and healthy 
controls, using bronchoalveolar lavage, sputum 
induction, and bronchial biopsy. We examined the 
specimens for invariant natural killer T cells using 
a combination of f low cytometry and real-time 
polymerase-chain-reaction (PCR) analysis of gene 
expression for the Vα24 and Vβ11 domains of the 
T-cell receptor that characterize invariant natural 
killer T cells.8-10

Me thods

Study Population

The study was approved by the ethics committee 
of the Southampton University Hospitals Trust, 
and all subjects provided written informed con-
sent. Twenty-four subjects with asthma (8 with 
mild asthma not treated with inhaled corticoste-
roids, and 16 with moderately severe asthma treat-
ed with inhaled corticosteroids), 10 subjects with 
COPD meeting established diagnostic criteria,11,12 
and 12 controls were studied (Table E1 in the Sup-
plementary Appendix, available with the full text 
of this article at www.nejm.org). All subjects with 
asthma had had stable symptoms within at least 
6 weeks before enrollment. Of these, 22 subjects 
had atopic asthma, as shown by a positive skin-
prick test for a panel of common allergens, and all 
had bronchial hyperresponsiveness, as demonstrat-
ed by the provocative concentration of histamine 
causing a 20% fall in the forced expiratory volume 
in 1 second of less than 8 mg per milliliter or peak 
flow variability of more than 20%. Five of the 10 
subjects with COPD were studied during an infec-
tious exacerbation to determine whether there was 
any contribution by infection to the involvement of 
invariant natural killer T cells, given the well-estab-
lished role of these T cells in innate immunity.8 
All subjects with COPD had disease ranging from 
stage 0 to stage 3, according to the criteria of the 
Global Initiative for Chronic Obstructive Lung Dis-
ease,12 and were either current or former heavy 
smokers; none had a history of asthma or other 
lung diseases. Exacerbation was defined on clinical 
and radiologic grounds, according to the guide-
lines of the British Thoracic Society.13

Collection and Preparation of the Samples

Sputum induction was performed according to the 
recommendations of the European Respiratory So-
ciety, and the samples were immediately processed 
with the use of dithioerythritol to separate cells 
from the fluid phase of sputum.14 Cell aliquots 
were immediately processed for flow-cytometric 
analysis.

Of the 24 subjects with asthma, 18 (5 with mild 
asthma and 13 with moderately severe asthma) 
underwent fiberoptic bronchoscopy for either bron-
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choalveolar lavage or bronchial biopsy, or both, 
in accordance with the recommendations of the 
American Thoracic Society.15 Cell aliquots from 
bronchoalveolar-lavage fluid were either subjected 
to analysis by flow cytometry or placed into lysis 
buffer for subsequent real-time PCR analysis. 
Specimens obtained on bronchial biopsy were im-
mediately dispersed with the use of collagenase I 
(Sigma) reconstituted in RPMI 1640 without l-glu-
tamine (Cambrex) at 1 mg per milliliter for a 
1-hour period at 37°C (98.6°F).

Phenotypic Analysis

Cell-surface expression of the invariant natural 
killer T-cell receptor was detected on flow cytom-
etry with the use of the seven-color FACSAria cell 
sorter (BD Biosciences) by applying the following 
monoclonal antibodies in combination with anti-
CD3 and anti-CD4 monoclonal antibodies (BD Bio-
sciences): R-phycoerythrin–conjugated anti-Vα24 
monoclonal antibody, fluorescein isothiocyanate 
(FITC)–conjugated anti-Vβ11 monoclonal antibody 
(Immunotech), R-phycoerythrin–conjugated CD1d 
tetramers loaded with α-galactosylceramide and 
R-phycoerythrin–conjugated 6B11 monoclonal an-
tibody directed against the complementarity-deter-
mining–region 3 of the Vα24-Jα18 T-cell receptor 
of invariant natural killer T cells (BD Biosciences).

Nonspecific binding of antibodies to Fcγ recep-
tors was blocked with 2 mg per milliliter of poly-
clonal human IgG (Sigma). Initially, cell doublets, 
which could contain adherent cells (e.g., macro-
phages) and dead cells and thus could bind an-
tibodies nonspecifically, were excluded on gating 
with the use of pulse width and area (Fig. 1, and 
Fig. E1 in the Supplementary Appendix). Dead cells 
were further excluded on the basis of their stain-
ing with the DNA-binding agent propidium iodide 
(Fig. 1, and Fig. E2 in the Supplementary Appen-
dix). Large cells and debris were excluded in the 
forward- and side-scatter plot (Fig. 1). CD3+ T cells 
were gated positively on the basis of their stain-
ing with anti-CD3 antibody conjugated to allophy-
cocyanin, a fluorescent dye that emits light at a 
wavelength beyond the range of autofluorescent 
cells (macrophages). As expected, these CD3+ cells 
were found in a tight group of cells with low 
granularity (black dots, or cells) (Fig. 1, and Fig. 
E1 in the Supplementary Appendix). Finally, 
CD3+CD4+ T cells were gated on the basis of their 
staining with anti-CD4 antibody. (The gating strat-
egy is described in detail in Fig. E1 through E6 in 
the Supplementary Appendix.)

Quantitative, Real-Time PCR

We used oligonucleotide probes for real-time PCR 
of the genes encoding Vα24 (TRAV10, according to 
the International ImMunoGeneTics [IMGT] infor-
mation system nomenclature) and Vβ11 (TRBV25-1) 
as well as probes to detect expression of the con-
stant chain of the T-cell receptor (TRBC2 gene) 
(PrimerDesign). The primers were aligned with 
other variable regions to confirm that there was 
no significant homology with any other variable 
region (for primer detection kits, see the Supple-
mentary Appendix).

R esult s

Bronchoalveolar-Lavage Analysis

The initial flow-cytometric analyses for invariant 
natural killer T cells were performed on samples 
of bronchoalveolar-lavage fluid obtained from sub-
jects with asthma, permitting direct comparisons 
with previous studies of invariant natural killer 
T cells in asthma4 and sarcoidosis.16 The analysis 
of samples obtained from 11 subjects with asthma 
(3 with mild asthma and 8 with moderately severe 
asthma) using the Vα24 and Vβ11 monoclonal 
antibodies, which detected all invariant natural 
killer T cells,8-10 showed that invariant natural kill-
er T cells constituted less than 2% of the CD3+ 
cells and less than 1.5% of the CD3+CD4+ cells 
(Table 1). Similar counts were obtained when we 
used CD1d tetramers loaded with α-galactosyl-
ceramide17 or the 6B11 monoclonal antibody (Fig. 
1 and 2 and Table 2). Routine total and differen-
tial cell counts of bronchoalveolar-lavage cells are 
shown in Table 3.

To create a positive control for detecting invari-
ant natural killer T cells in bronchoalveolar-lavage 
cells with the use of flow cytometry, we “spiked” 
a bronchoalveolar-lavage sample with cells from 
the invariant natural killer T-cell clone (for vali-
dation of the cell clone, see Fig. E7 in the Supple-
mentary Appendix). Using the gating principles 
outlined in Figure 1 and Figure 2, we detected in-
variant natural killer T cells in the spiked sample, 
with the relative numbers (percentages of total 
CD3+ T cells) corresponding to the numbers of 
added invariant natural killer T cells (Fig. 3). This 
confirmed the ability of both the antibodies used 
and the gating strategy to detect invariant natu-
ral killer T cells. Further phenotyping of CD3+ 
CD4+ cells showed these cells to be predominant-
ly activated memory T cells expressing CD69 and 
CD45RO (Fig. E8 in the Supplementary Appendix).
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Table 1. T Cells in Human Airways.*

Sampling Method and Subject No.† Cell Count

CD3+ T Cells CD4+ T Cells Invariant Natural Killer T Cells

% of all cells % of CD3+ cells % of CD3+ cells % of CD4+ cells

Subjects with moderately severe asthma treated  
with inhaled corticosteroids

Bronchoalveolar lavage

 1 14.4 60.0 0 0

 2 0.9 54.0 0.2 0.2

 3 0.2 44.3 0 0

 4 18.3 56.5 0.1 0.1

 5 2.1 64.9 0 0

 6 0.3 43.8 0 0

 7 22.0 61.0 0 0

 8 2.6 36.8 0 0

Bronchial biopsy

 3 4.0 NA 0 NA

 4 1.3 NA 0 NA

 7 0.2 NA 0 NA

 9 7.6 NA 0 NA

10 7.3 NA 0 NA

11 2.3 NA 0 NA

12 4.2 NA 1.3 NA

13 3.3 NA 1.2 NA

Sputum induction

 4 4.6 77.0 0.5 0.5

 7 1.6 65.6 0 0

10 4.1 38.6 0.6 0.9

12 5.2 67.5 0.1 0.1

14 0.8 83.3 1.3 1.3

15 0.8 75.0 0 0

16 2.3 58.2 0 0

Subjects with mild asthma not treated with inhaled corticosteroids

Bronchoalveolar lavage

17 13.3 55.8 0 0

18 31.0 50.8 0 0

19 0.1 NA 0 NA

Bronchial biopsy

19 0.2 NA 0 NA

20 5.5 NA 1.7 NA

21 1.1 NA 0.9 NA

Sputum induction

22 1.7 85.3 0.6 0

23 1.5 70.0 0.1 0.1

24 0.2 71.0 0 0
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sputum Analysis

The next analysis for invariant natural killer T cells 
was performed on airway cells obtained by sputum 
induction,14 which permitted us to study a larger 
number of subjects than did the analysis of bron-
choalveolar-lavage fluid. This method samples pre-
dominantly proximal airways, the sites of sig-
nificant inflammation in asthma, which could, 

conceivably, be different from the distal airways 
sampled by bronchoalveolar lavage. We also used 
induced sputum to study controls and subjects with 
stable COPD and COPD during an infectious exac-
erbation. In preliminary experiments (Fig. E9 in the 
Supplementary Appendix), the reducing agent di-
thioerythritol, which is used to solubilize sputum 
and thereby make its analysis possible, was shown 

Table 1. (Continued.)

Sampling Method and Subject No. Cell Count

CD3+ T Cells CD4+ T Cells Invariant Natural Killer T Cells

% of all cells % of CD3+ cells % of CD3+ cells % of CD4+ cells

Control subjects

Sputum induction

25 14.3 80.0 0 0

26 3.4 76.0 0.6 0.8

27 1.5 47.0 0 0

28 1.2 87.5 0.5 0.5

29 1.7 62.0 0.2 0.3

30 7.5 53.2 0 0

31 1.8 63.6 0 0

32 0.7 74.5 0 0

33 1.4 80.4 0 0

34 2.8 58.1 0 0

35 1.3 63.0 0 0

36 3.5 67.8 0.1 0

Subjects with COPD with acute exacerbations

Sputum induction

37 0.2 26.8 0 0

38 1.6 76.5 0 0

39 1.5 52.0 0 0.1

40 2.1 78.9 0.1 0.1

41 1.5 40.0 0.1 0.1

Subjects with stable COPD

Sputum induction

42 1.5 91.0 0 0

43 1.1 61.7 0 0

44 1.9 65.7 0 0

45 1.0 61.3 0 0

46 1.0 33.0 0 0

* Percentages of invariant natural killer T cells were identified with the use of double-positive staining for the anti-Vα24 and anti-Vβ11 anti-
bodies, according to the standard method for detecting invariant natural killer T cells. T cells were identified on flow cytometry, by applying 
the gating strategy (Fig. 1 and 2) and with the use of anti-CD3 antibody. NA denotes not analyzed, and COPD chronic obstructive pulmo-
nary disease.

† There were 16 subjects with moderately severe asthma, 8 with mild asthma, 12 controls, 5 subjects with COPD with acute exacerbations, 
and 5 with stable COPD. Some subjects underwent sampling by more than one method.
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not to affect the expression of the invariant natu-
ral killer T-cell receptor on human invariant natu-
ral killer T-cell clones.

Between 0.2 and 14.3% of the sputum cells 
were CD3+, of which 27 to 91% were CD4+. As in 
the bronchoalveolar-lavage analysis, very few in-
variant natural killer T cells were identified in 
samples from subjects with mild asthma (0 to 
0.1% of all CD3+CD4+ cells) and those with mod-
erately severe asthma (0 to 1.3% of all CD3+CD4+ 

cells) (Fig. 2 and Table 1). Similarly low counts of 
invariant natural killer T cells were found in spu-
tum from controls and subjects with COPD (Table 
1). Cell counts in sputum from subjects with mild 
asthma and those with moderately severe asthma 
were grouped for statistical comparison (with the 
use of the Mann–Whitney U test) with cell counts 
in subjects with COPD and controls. No significant 
differences were found between the groups (P>0.30 
for the comparison between subjects with asthma 
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Figure 2. Staining of Bronchoalveolar-Lavage Cells from a Subject with Asthma to Detect Invariant Natural Killer  
T Cells.

Cells were stained with the use of the CD1d tetramer loaded with α-galactosylceramide (αGal) and the 6B11 anti-
body for the complementarity-determining–region 3 of the Vα24-Jα18 domain of the T-cell receptor, in addition to 
standard use of R-phycoerythrin–conjugated anti-Vα24 antibody and fluorescein isothiocyanate (FITC)–conjugated 
anti-Vβ11 antibody. The analysis was based on gating of CD3+ T cells (Panel A). R-phycoerythrin–conjugated anti-
body (6B11) and R-phycoerythrin–conjugated CD1d tetramers loaded with αGal did not detect invariant natural kill-
er (iNK) T cells in the bronchoalveolar-lavage (BAL) sample (Panel B). As a positive control for detection of iNK  
T cells, the sample was “spiked” with cells from the iNK T-cell clone (Panel C). With the use of the gating principles 
(Fig. 1), iNK T cells were detected in the spiked sample, confirming that both the antibodies and the gating strategy 
were working (Panel C).
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Table 2. Invariant Natural Killer T Cells in Human Airways.*

Sampling Method and Subject No. Invariant Natural Killer T-Cell Count

Vα24+Vβ11+ CD1d Tetramer+ 6B11+

% of CD3+ cells

Subjects with moderately severe asthma treated with inhaled corticosteroids

Bronchoalveolar lavage

 2 0.2 0 0

 3 0 0.8 0

 4 0.1 0.1 0.2

 5 0 0 0

 6 0 0 0

 7 0 0 0.1

 8 0 0 0.6

Bronchial biopsy

 4 0 0.4 0.3

 7 0 0 0.2

Sputum induction

15 0 0 0

16 0 0 0.5

Subjects with mild asthma not treated with inhaled corticosteroids

Bronchoalveolar lavage

18 0 0.3 2.7

19 0 0 0

Bronchial biopsy

19 0 0 0

Sputum induction

19 0 0 0

24 0 0 0

Controls

Sputum induction

30 0 0 NA

31 0 0 0

32 0 0 0.1

33 0 0 0.3

34 0 0.1 0.5

35 0 0 0.6

36 0.1 0 0

Subjects with COPD

Sputum induction

42 0 0 0

43 0 0.8 0.9

44 0 0 0.8

45 0 0 NA

46 0 0 0

* Percentages of CD3+ T cells that were double-positive for the Vα24 and Vβ11 domains or single-positive for CD1d 
 tetramers loaded with α-galactosylceramide or the monoclonal antibody 6B11 are shown. Some subjects underwent 
sampling by more than one method. NA denotes not analyzed, and COPD chronic obstructive pulmonary disease.
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and controls, and P>0.40 for the comparison be-
tween subjects with stable or exacerbated COPD 
and controls).

Bronchial-Biopsy Analysis

Because cells in mucosal tissue could differ from 
luminal cells, the final flow-cytometric analysis of 
invariant natural killer T cells was conducted on 
cells from bronchial-biopsy specimens with the use 
of enzymatic dispersion with collagenase. We used 
flow cytometry on dispersed bronchial biopsy-tis-
sue cells to make possible a direct comparison with 
cells obtained on bronchoalveolar lavage and spu-
tum induction. In addition, f low cytometry per-
mitted the elimination of nonspecifically stained 
monocytes and macrophages. Because the CD4 
epitope on T cells is cleaved during treatment with 
collagenase,18 the analysis was restricted to CD3+ 
T cells. In preliminary experiments (Fig. E9 in the 
Supplementary Appendix), collagenase treatment 
was shown not to affect the detection of the Vα24 
and Vβ11 T-cell receptors on invariant natural killer 
T-cell clones. Between 0.2 and 7.6% of all cells ob-
tained on biopsy were CD3+ T cells. Consistent 
with the findings in samples of bronchoalveolar-

lavage cells and sputum, counts of invariant nat-
ural killer T cells ranged from 0 to 1.7% of CD3+ 
T cells (Fig. 3 and Table 1).

Expression of Messenger RNA for T-Cell 
Receptors Vα24 and Vβ11

To corroborate the results obtained on flow cytom-
etry with the use of a different method, we per-
formed quantitative (real-time) PCR to detect the 
messenger RNA (mRNA) for the genes of the 
T-cell–receptor family, Vα24 (TRAV10) and Vβ11 
(TRVB25-1), on bronchoalveolar-lavage cells ob-
tained from eight subjects with asthma and spu-
tum cells obtained from four subjects with asthma, 
four with COPD, and seven controls. Amplified 
expression values for mRNA were normalized 
against signals obtained for the constant chain of 
the T-cell receptor encoding mRNA. The signal 
used to normalize the results was lower in the 
bronchoalveolar-lavage cells than in the invariant 
natural killer T-cell clones; titration experiments 
with the use of 10-fold serial dilution of the natu-
ral killer T-cell clones showed that the PCR detec-
tion kits for the T-cell receptors Vα24 and Vβ11 
and the constant chain were extremely sensitive, 

Table 3. Total and Differential Cell Counts in Bronchoalveolar-Lavage Samples.*

Subject No. Total Cell Count Differential Cell Count

Macrophages Neutrophils Eosinophils Lymphocytes Epithelial Cells

×10  −6/ml percent

1 1.29 73.3 1.0 1.8 0.3 23.8

2 22.65 2.8 94.0 <0.1 0.5 2.8

3 1.2 NA NA NA NA NA

4 1.6 NA NA NA NA NA

5 3.5 94.5 3.3 0.3 0.5 1.5

6 4.65 83.0 6.3 0.5 0.3 10.0

7 2.0 NA NA NA NA NA

8 14.4 93.8 1.8 <0.1 <0.1 4.5

17 3.9 79.8 5.8 0.3 4.0 10.3

18 5.0 78.0 14.5 0.8 1.8 5.5

19 0.8 NA NA NA NA NA

Mean value 5.5 72.17 18.1 0.53 1.1 8.3

* Total cell counts in bronchoalveolar-lavage samples ranged from 0.8×106 per milliliter to 22.6×106 per milliliter. 
Differential cell counts were performed manually on 400 cells with the use of cytospin preparation of bronchoalveolar-
lavage fluid and the Rapi-Diff II stain pack (Bios–Europe). Differential cell counts were not analyzed in some subjects, 
because whole samples were used for extensive validation of flow cytometry and real-time PCR. NA denotes not ana-
lyzed.
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Figure 3. Flow-Cytometric Analysis of Specimens Obtained on Sputum Induction and Bronchial Biopsy.

Of the CD3+CD4+ T cells from sputum obtained from a subject with asthma, a control, and a subject with COPD 
and treated with dithioerythritol, 0 to 1.3% of the T cells stained for both the Vα24 and Vβ11 domains and were 
therefore identified as invariant natural killer T cells (Panel A). For the analysis of bronchial mucosal CD3+ T cells 
obtained from a representative subject with moderately severe asthma, bronchial-biopsy specimens were treated 
with collagenase to disperse cells and the cells were then incubated with antibodies for CD3, Vα24, and Vβ11 (Panel 
B). Dead cells were excluded, and positive gating was performed for mononuclear cells and CD3+ cells. Dead cells 
appear as red, and live cells appear as green. There was no nonspecific staining, as shown by the IgG1 isotype con-
trol antibody, but there was also no positive staining for invariant natural killer T cells. Staining with CD1d tetramers 
loaded with α-galactosylceramide (αGal) and the 6B11 monoclonal antibody confirmed the result. Specimens were 
obtained from two subjects with mild asthma, and the results of staining by antibodies for Vα24 and Vβ11 are 
shown. FITC denotes fluorescein isothiocyanate, PI propidium iodide, FSC forward-scatter characteristics, and SSC 
side-scatter characteristics.
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detecting as few as 10 cells (Fig. E10 in the Supple-
mentary Appendix).

Strong signals for both the constant chain of 
the T-cell receptor and the mRNA of the individu-
al invariant natural killer T-cell–receptor domains 
Vα24 and Vβ11 were measured in positive control 
experiments with the use of complementary DNA 
of invariant natural killer T-cell clones as a tem-
plate. In contrast, bronchoalveolar-lavage cells 
from subjects with asthma did not express mRNA 
for either the Vα24 or Vβ11 gene, even though 
mRNA for the constant chain of the T-cell recep-
tor was readily detected. This finding confirmed 
the presence of T cells in the samples, but it also 
ruled out the possibility that invariant natural 
killer T cells were numerous in bronchoalveolar-
lavage fluid from subjects with asthma (Fig. 3). 
Similar findings were observed with the use of 
sputum cells (Table E2 in the Supplementary Ap-
pendix). 

In further experiments, real-time PCR for 
mRNA expression of the invariant natural killer 
T-cell receptor (Vβ11) relative to the expression of 
the constant chain of the T-cell receptor was per-
formed on peripheral blood T cells that had been 
“spiked” with invariant natural killer T-cell clones 
so that the samples contained 100%, 60%, and 2% 
of invariant natural killer T cells. This method 
generated a “standard curve” for the expression of 
the Vβ11 gene (TRVB25-1) relative to the gene en-
coding the constant chain of the T-cell receptor. 
The result established that the proportion of T cells 
expressing T-cell receptor Vβ11-encoding mRNA 
was less than 2% in all samples obtained by bron-
choalveolar lavage and sputum induction (Fig. 4).

Discussion

Unlike some previous reports, our data show that 
invariant natural killer T cells are a minority cell 
population in human lungs of subjects with asth-
ma, constituting less than 2% of the T cells in 
both the airway lumen (in samples of sputum and 
bronchoalveolar-lavage fluid) and mucosa (in sam-
ples obtained on bronchial biopsy). Moreover, the 
frequency of invariant natural killer T cells in sam-
ples obtained from subjects with asthma did not 
differ significantly from the frequency in samples 
obtained from healthy controls or from subjects 
with stable COPD or COPD during exacerbation.

Invariant natural killer T cells are characterized 
on the basis of their dual staining for the T-cell–

receptor domains Vα24 and Vβ11, positive stain-
ing with the use of CD1d tetramers loaded with 
α-galactosylceramide, or both.8-10 In this study, we 
used both criteria in addition to using the 6B11 
antibody directed against the invariant Vα24-Jα18 
region of the invariant natural killer T-cell recep-
tor. Our findings of low counts of invariant natu-
ral killer T cells were supported by our inability to 
detect mRNA for either T-cell–receptor gene Vα24 
or Vβ11 in samples of bronchoalveolar-lavage fluid 
or sputum from subjects with asthma (Fig. 4, and 
Table E2 in the Supplementary Appendix). In ad-
dition, we were unable to demonstrate the produc-
tion of Th2 cytokines by bronchoalveolar-lavage 
cells from subjects with asthma stimulated with 
α-galactosylceramide (Supplementary Appendix), 
the specific stimulus for invariant natural killer 
T cells. In support of our findings, Thomas et al. 
found similarly low numbers of invariant natural 
killer T cells in subjects with asthma not receiving 
corticosteroids.7 Our review of two studies claim-
ing that the numbers of invariant natural killer 
T cells were elevated in asthma showed that the 
strict criteria for detecting invariant natural killer 
T cells were not met in these studies.5,19 Although 
another study 6 suggested that the numbers of in-
variant natural killer T cells were slightly elevated 
in children with severe asthma, the numbers were 
within the same range as those in our study.

Flow-cytometric analysis of airway T cells is 
fraught with difficulty because of large numbers of 
autofluorescent macrophages and cell debris.20,21 
For this reason, we have excluded dead cells and 
cell doublets (Fig. 1). Also, we used allophycocya-
nin as the f luorescent dye to avoid autofluores-
cence. Alveolar macrophages can nonspecifically 
bind both antibodies and CD1d tetramers loaded 
with α-galactosylceramide used to identify invari-
ant natural killer T cells, giving rise to further false 
positive results on staining. We show that the ma-
jor fraction of all CD4+Vα24+ cells are identifiable 
in the nonlymphocyte portion of the forward- and 
side-scatter plot (Fig. E4 in the Supplementary Ap-
pendix) (a finding that can be explained by the 
presence of CD4 on macrophages) if these cells are 
not excluded by their typical forward- and side-
scatter properties. In contrast, when all measures 
are used to avoid nonspecific staining and when 
combining anti-CD3 and anti-CD4 antibodies (Fig. 
1, and Fig. E4 in the Supplementary Appendix), 
CD4+ cells are restricted to the typical lymphocyte 
cluster in the forward- and side-scatter plot. Simi-
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Figure 4. Real-Time PCR to Detect the Invariant Natural Killer T-Cell Receptor.

Bronchoalveolar-lavage (BAL) cells were processed into lysis buffer immediately upon recovery and stored at −80°C until real-time PCR 
analysis with the use of primers for the Vα24 and Vβ11 domains. Real-time PCR for the constant region of the T-cell receptor (TCR) ex-
pressed on T cells was used as an internal control for T cells. Red lines represent the invariant natural killer T-cell clones used as a posi-
tive control, blue lines represent BAL cells, and green lines represent the negative control (water) (Panel A). BAL cells can be seen not  
to express mRNA for either domain of the invariant natural killer cell (iNK) TCR but to express the constant chain of the TCR. Values of 
the threshold cycle of real-time PCR for invariant natural killer T-cell clones and BAL cells from eight subjects with asthma are shown 
(Panel B). Expression of mRNA for the invariant natural killer TCR was not detected in BAL cells from subjects with asthma. Peripheral-
blood T cells were “spiked” with cells from the iNK T-cell clone, and the resultant samples contained 100%, 60%, and 2% of iNK T cells 
(Panel C). This method generated a “standard curve” for the expression of the Vβ11 gene relative to the gene encoding the constant do-
main of the TCR. Using this standard curve, we established that the proportion of T cells expressing TCR–Vβ11-encoding mRNA (iNK  
T cells) was less than 2% in all samples of BAL cells tested (Panel C). The purple line represents the threshold line. RFU denotes relative 
fluorescence units.
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lar problems related to nonspecific binding are 
encountered with both anti-CD3 antibodies and 
CD1d tetramers loaded with α-galactosylceramide 
(Fig. E5 and E6 in the Supplementary Appendix). 
Thomas et al. have proposed that the use of the 
6B11 antibody, which recognizes the invariant 
complementarity-determining–region 3 loop of 
the invariant natural killer T-cell receptor, with-
out using anti-Vα24 or anti-Vβ11 antibodies is 
inappropriate.7 Therefore, we used a more com-
prehensive panel of antibodies, including 6B11 
monoclonal antibody, anti-Vα24 monoclonal anti-
body, and anti-Vβ11 monoclonal antibody, as well 
as CD1d tetramers loaded with the invariant natu-
ral killer T ligand α-galactosylceramide, and all 
these consistently showed low counts of invariant 
natural killer T cells in all analyzed samples.

In summary, in contrast to the report by Akbari 
et al.,4 our study found very few invariant natural 
killer T cells in the airways of subjects with either 
mild or moderately severe asthma, subjects with 
stable COPD or COPD during an exacerbation, and 
healthy controls. This finding strongly questions 

the significance of invariant natural killer T cells 
in the pathogenesis of asthma. Our data suggest 
that therapeutic strategies in asthma should there-
fore continue to be focused on class II MHC–
restricted T cells rather than on invariant natural 
killer T cells.
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Background

Prematurity and low birth weight are associated with high perinatal and infant mor-
tality, especially in developing countries. Maternal micronutrient deficiencies may 
contribute to these adverse outcomes.

Methods

In a double-blind trial in Dar es Salaam, Tanzania, we randomly assigned 8468 preg-
nant women (gestational age of fetus, 12 to 27 weeks) who were negative for human 
immunodeficiency virus infection to receive daily multivitamins (including multiples 
of the recommended dietary allowance) or placebo. All the women received prenatal 
supplemental iron and folic acid. The primary outcomes were low birth weight 
(<2500 g), prematurity, and fetal death.

Results

The incidence of low birth weight was 7.8% among the infants in the multivitamin 
group and 9.4% among those in the placebo group (relative risk, 0.82; 95% confi-
dence interval [CI], 0.70 to 0.95; P = 0.01). The mean difference in birth weight between 
the groups was modest (67 g, P<0.001). The rates of prematurity were 16.9% in the 
multivitamin group and 16.7% in the placebo group (relative risk, 1.01; 95% CI, 0.91 to 
1.11; P = 0.87), and the rates of fetal death were 4.3% and 5.0%, respectively (relative 
risk, 0.87; 95% CI, 0.72 to 1.05; P = 0.15). Supplementation reduced both the risk of 
a birth size that was small for gestational age (<10th percentile; 10.7% in the multi-
vitamin group vs. 13.6% in the placebo group; relative risk, 0.77; 95% CI, 0.68 to 0.87; 
P<0.001) and the risk of maternal anemia (hemoglobin level, <11 g per deciliter; rela-
tive risk, 0.88; 95% CI, 0.80 to 0.97; P = 0.01), although the difference in the mean 
hemoglobin levels between the groups was small (0.2 g per deciliter, P<0.001).

Conclusions

Multivitamin supplementation reduced the incidence of low birth weight and small-
for-gestational-age births but had no significant effects on prematurity or fetal death. 
Multivitamins should be considered for all pregnant women in developing countries. 
(ClinicalTrials.gov number, NCT00197548.)
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Worldwide, approximately 20 mil-
lion children each year are born weigh-
ing less than 2500 g; these births con-

stitute 15.5% of all births, and 96.0% of infants 
with low birth weight are in developing countries.1 
Low birth weight is associated with perinatal and 
infant mortality,2 stunting by reproductive age,3 
and chronic diseases, including coronary heart dis-
ease and diabetes.4

The micronutrient status of the mother is an 
important determinant of fetal growth and sur-
vival.5 Iron and folate supplements are routinely 
provided to pregnant women in many developing 
countries.6,7 The prenatal dietary intake of other 
micronutrients is frequently considered to be in-
sufficient to meet increased requirements during 
pregnancy, particularly in developing countries.8 
Prenatal multivitamin supplements are routinely 
provided in many developed countries; however, 
this practice is not based on findings from ran-
domized trials. Two placebo-controlled trials in-
volving pregnant women in Sarlahi, Nepal,9 and 
in Mexico,10 most of whom presumably were 
negative for human immunodeficiency virus (HIV) 
infection, showed no significant effects of micro-
nutrient supplements on birth weight or other 
pregnancy outcomes. In a trial conducted in Ja-
nakpur, Nepal, supplements reduced the incidence 
of low birth weight but had no effect on preterm 
birth.11 Pooled analyses of data from the two tri-
als in Nepal suggest that micronutrient supple-
mentation may increase the risk of perinatal 
death.12

In a randomized, controlled trial involving HIV-
positive pregnant women in Tanzania, multivita-
min supplements significantly reduced the risks 
of fetal death, low birth weight, and preterm birth 
and increased maternal CD4 cell counts and he-
moglobin levels.13 Because these benefits might 
not apply to HIV-negative women, we conducted 
a similarly designed trial involving HIV-negative 
women in Tanzania to assess the effects of these 
supplements on birth outcomes and maternal 
health indicators.

Me thods

Patients

Pregnant women who attended antenatal clinics 
in Dar es Salaam, Tanzania, between August 2001 
and July 2004 were invited to participate in the 
trial. Requirements for eligibility included a neg-
ative test for HIV infection, a plan to stay in the 

city until delivery and for 1 year thereafter, and 
an estimated gestational age between 12 and 27 
weeks according to the date of the last menstrual 
period. HIV type 1 serologic status was ascertained 
from all women who consented to participate in 
the trial by means of two sequential enzyme-linked 
immunosorbent assay tests.14 All women provided 
written informed consent to participate. The study 
was approved by the institutional review boards 
at Muhimbili University College of Health Scienc-
es in Dar es Salaam and at the Harvard School of 
Public Health in Boston.

Study Design

The women were randomly assigned to receive a 
daily oral dose of either a multivitamin supple-
ment or placebo from the time of enrollment un-
til 6 weeks after delivery. The supplements includ-
ed 20 mg of vitamin B1, 20 mg of vitamin B2, 25 mg 
of vitamin B6, 100 mg of niacin, 50 μg of vitamin 
B12, 500 mg of vitamin C, 30 mg of vitamin E, and 
0.8 mg of folic acid. On average, these amounts 
were twice the recommended dietary allowance 
(RDA) for vitamin E and 6 to 10 times the RDA 
for vitamin C and several B vitamins. Vitamin A 
and zinc were not included because earlier studies 
had shown harmful effects of vitamin A during 
pregnancy and at delivery in HIV-infected women 
in Tanzania15 and Zimbabwe,16 and several trials 
of zinc administered prenatally had shown no evi-
dence of a benefit.17 The active tablets and placebo 
were similar in shape, size, and color and were 
packaged in identical coded bottles. A list was pre-
pared according to a randomization sequence in 
blocks of 20; at enrollment, each eligible woman 
was assigned to the next numbered bottle. At ev-
ery monthly visit, a new bottle was given to each 
woman, and the pills remaining in the used bot-
tles were counted. Research assistants who as-
sessed the study outcomes were unaware of the 
intervention groups. Tishcon commercially pre-
pared the tablets but had no involvement in the 
study design, implementation, or reporting of the 
findings.

Our research team provided the participants 
with standard prenatal care. All women, irrespec-
tive of the assigned study regimen, were given 
daily doses of iron (60 mg of elemental iron) and 
folic acid (0.25 mg). They were also given malaria 
prophylaxis in the form of sulfadoxine–pyrimeth-
amine tablets (Fansidar, Roche) at 20 weeks and 
30 weeks of gestation. All women completed a 
baseline questionnaire that included their socio-
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demographic characteristics and obstetrical histo-
ry. At randomization and at monthly visits there-
after, questionnaires were administered to evaluate 
interim medical problems. Laboratory investiga-
tions at baseline included tests for syphilis, gon-
orrhea, and trichomoniasis; routine urine and 
stool tests; and evaluation of blood films for ma-
laria. The total and differential white-cell counts 
were calculated with the use of a CBC5 counter 
(Coulter). Counts of T-cell subgroups (CD4+, CD8+, 
and CD3+) in a random sample of women were 
calculated with the use of the FACScount or 
FACScan system (Becton Dickinson). Blood counts 
were obtained at baseline and 6 weeks post par-
tum. The laboratory results were available to the 
women’s physicians, who prescribed treatment, 
if indicated.

Full-time research midwives attended to the 
women at delivery. The weights of the babies and 
the placentas were measured to the nearest 10 g. 
The infants’ body length and head circumference 
were measured to the nearest 0.1 cm. Women who 
did not come to the study clinic for their month-
ly appointments were visited at home when pos-
sible and were asked to come to the clinic if their 
condition allowed.

Study Outcomes

The primary outcomes were low birth weight 
(<2500 g), preterm delivery (before 37 weeks of ges-
tation), and fetal death. Secondary outcomes in-
cluded a birth weight below 2000 g, extremely pre-
term delivery (before 34 weeks), a size at birth that 
was small for gestational age (defined as a birth 
weight below the 10th percentile for gestational 
age, according to the standards of Brenner et al.18), 
and fetal death and death in the first 6 weeks of 
life. As in other studies of small-for-gestational-
age infants,13 we used U.S. standards, which are 
considered to provide a better reflection of growth 
potential unimpeded by nutritional deprivation 
than are local norms and thus to provide a rea-
sonable “reference” population. Other secondary 
outcomes included the following continuous vari-
ables: birth weight, length, head circumference, 
gestational age, and placental weight; risk of 
cesarean section; maternal mortality, including 
deaths up to 6 weeks post partum; hematologic 
status, assessed on the basis of both continuous 
hemoglobin levels and two categorical definitions 
of anemia (hemoglobin level <11 g per deciliter 
and <8.5 g per deciliter); and immune status, as-
sessed on the basis of both continuous CD4+, 

CD8+, and CD3+ cell counts and categorical counts 
reflecting the baseline median values as cutoff 
points (CD4+ count, <775 per cubic millimeter; 
CD8+ count, <480 per cubic millimeter; and CD3+ 
count, <1350 per cubic millimeter).

Statistical Analysis

We calculated that we would need to enroll 6000 
women in order to examine the effects of the vi-
tamin supplements on the primary outcomes. This 
calculation was based on the following assumed 
risks in the placebo group (obtained from pilot data 
in the same setting): fetal death, 8.8% of pregnan-
cies; low birth weight, 17.6%; and preterm births, 
22.6%. Assuming a 10% loss to follow-up, this 
sample size provided a statistical power of more 
than 90% to detect protective effects of vitamin 
supplementation that would be equivalent to at 
least a 30% reduction in the rates of low birth 
weight and prematurity and a power of more than 
80% to detect at least a 25% reduction in the risk 
of fetal death. The sample size was later increased 
to 8468 to increase the power because the ob-
served rates of these outcomes were lower than 
anticipated. (This increase also permitted the en-
rollment of 2400 women who would undergo a sec-
ond round of random assignments to the same two 
regimens 6 weeks post partum so that we could 
examine the effects of postnatal multivitamin sup-
plementation on infant health — a separate anal-
ysis that is not reported here.)

Treatment effects were assessed by means of 
an intention-to-treat analysis. For outcomes for 
children, generalized estimating equations19 with 
a compound symmetry working correlation ma-
trix were used to account for correlations due to 
twinning in the analysis of infant outcomes (155 
pairs of twins and 1 set of triplets). Binary end 
points were assessed with the use of the log link 
and binomial variance function, and continuous 
end points were assessed with the use of the iden-
tity link and the gaussian variance function.20 To 
assess the statistical significance of treatment ef-
fects, P values were obtained from the robust score 
test. To assess the statistical significance of the 
treatment effects for end points for women, the 
chi-square test, or Fisher’s exact test when war-
ranted, was used for binary variables, and the 
Wilcoxon rank-sum test was used for continuous 
variables.21 A data safety and monitoring board 
met six times during the study and reviewed the 
results with regard to efficacy and the safety end 
points. The protocol called for the use of the Peto 
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stopping boundary with a nominal P value of 0.001 
for early discontinuation.22

R esult s

Of the 8468 women who were enrolled, 40 were 
not eligible for the study. Among the remaining 
8428 women, data on birth outcomes were avail-
able for 8379 (99.4%); 6 women died before deliv-
ery, and the other 43 were lost to follow-up by the 
time of delivery (Fig. 1). Of 8379 women with 
known birth outcomes (miscarriage, stillbirth, or 
live birth [with a baby born with any evidence of 
life, such as breathing or heartbeat, considered to 
be liveborn]), 8137 gave birth to live babies and 
were eligible for the analyses of birth weight and 
prematurity outcomes. In this group of women, 
a birth weight was not recorded for 271 babies 
(3.3%) because the birth occurred at home or at 
another medical facility.

The study groups were similar with respect to 
baseline characteristics (Table 1). The mean (±SD) 
interval between randomization and delivery was 
4.1±1.0 months, and the mean interval between 
randomization and 6 weeks post partum was 5.6± 
1.0 months. These intervals did not differ signifi-
cantly between the two groups. The average com-
pliance rate (calculated as the number of tablets 
that were absent from the returned bottles divid-
ed by the total number of tablets the participant 
should have taken) was 88% (median, 96%) for the 
period from randomization to the time of deliv-
ery and 80% (median, 86%) for the period from 
randomization to 6 weeks post partum. There was 
no significant difference in compliance between 
the treatment groups for either period (P = 0.57 and 
P = 0.20, respectively).

The risk of low birth weight was 9.4% in the 
placebo group, which was substantially lower than 
the 13% rate reported in the general population.1 
Low birth weight was significantly less common 
in the multivitamin group than in the placebo 
group (7.8% vs. 9.4%; relative risk, 0.82; 95% con-
fidence interval [CI], 0.70 to 0.95; P = 0.01) (Table 
2). The mean birth weight was significantly but 
modestly higher in the multivitamin group than 
in the placebo group (mean difference between the 
groups, 67 g; P<0.001).

Multivitamin supplementation had no signifi-
cant effects on the risk of preterm birth (Table 2) 
or on the risk of fetal death (4.3% in the multi-
vitamin group and 5.0% in the placebo group; 
relative risk, 0.87; 95% CI, 0.72 to 1.05; P = 0.15) 

(Table 3). The risk of a birth size that was small 
for gestational age was reduced by 23% in the 
multivitamin group (P<0.001) (Table 2).

We reexamined the effects of supplementation 
among singleton births. As compared with place-
bo, multivitamins reduced the risks of low birth 
weight overall (relative risk, 0.79; 95% CI, 0.66 to 
0.93; P = 0.006) and also among term births (rela-
tive risk, 0.76; 95% CI, 0.60 to 0.96; P = 0.02). 
Among all singleton births, the relative risks of 
birth before 37 weeks’ gestation and before 34 
weeks’ gestation were 0.86 (95% CI, 0.71 to 1.05; 
P = 0.14) and 0.82 (95% CI, 0.64 to 1.05; P = 0.12), 
respectively.

Among all the women, 8.4% in the multivita-
min group and 7.3% in the placebo group under-
went cesarean section (relative risk, 1.15; 95% CI, 
0.99 to 1.33; P = 0.06). Multivitamins had no sig-
nificant effect on the risk of maternal death (P =  
0.27). Maternal anemia was less likely in the mul-
tivitamin group than in the placebo group, and 
mean hemoglobin levels and CD4+ cell counts 
were significantly higher among women assigned 
to receive multivitamins (P<0.001 for both com-
parisons), but the absolute differences between the 
groups were small (Table 4).

Discussion

HIV-negative Tanzanian women who received pre-
natal supplementation with vitamin B complex and 
vitamins C and E did not have significantly reduced 
risks of prematurity and fetal death, but they did 
have significantly reduced risks of low birth weight. 
Multivitamins also reduced the risk of a birth size 
that was small for gestational age and resulted in 
significant albeit modest improvements in hemo-
globin levels and CD4+ cell counts among moth-
ers 6 weeks after delivery.

We previously reported that the same multivi-
tamin regimen improved outcomes among HIV-
infected women enrolled in a similarly designed 
study in Tanzania.9 In the present study, which 
involved HIV-negative women, the magnitude of 
the benefit was smaller. The risks of low birth 
weight and a birth size that was small for gesta-
tional age were reduced by 18% and 23%, respec-
tively, among HIV-negative women, as compared 
with corresponding reductions of 44% and 43% 
among HIV-infected women.

Multivitamins, including B vitamins and anti-
oxidant vitamins C and E, may lead to better birth 
outcomes in several ways. By enhancing maternal 
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nutritional status and immunity during pregnancy, 
multivitamins may reduce the risk of intrauterine 
infections. However, we were not able to exam-
ine this hypothesis directly. In observational stud-
ies, positive associations were reported between 

maternal vitamin status and birth outcomes.23-26 
Better birth outcomes may also occur by means of 
improvements in maternal hematologic status. 
Low hemoglobin levels are associated with in-
creased risks of adverse pregnancy outcomes, in-
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cluding low birth weight.27 In our previous trial, 
supplementation with vitamin B complex and vi-
tamins C and E significantly increased the mean 
hemoglobin level in HIV-positive women at 6 weeks 
post partum (mean increase, 0.6 g per deciliter),13 
as compared with an increase of 0.2 g per deci-
liter in the HIV-negative women in the current 

study. Although the small increase in the HIV-
negative women may not be important on an in-
dividual level, a small shift of the population dis-
tribution toward higher hemoglobin levels may 
be beneficial from the public health perspective. 
Vitamin C and riboflavin improve the intestinal 
absorption of iron. Riboflavin is also necessary 
for synthesis of the globin component of hemo-
globin.28

Our findings differ from those of two placebo-
controlled trials among presumably HIV-negative 
pregnant women from Sarlahi, Nepal,9 and Mex-
ico,10 which showed no significant effects of mul-
tiple micronutrient supplements on birth weight 
and other pregnancy outcomes. In both trials, 
the supplement included doses of micronutrients 
containing the RDA. In a placebo-controlled trial 
in Janakpur, Nepal, multiple micronutrients con-
taining the RDA resulted in a significant mean 
difference in birth weight of 77 g and a reduction 
of 25% in the risk of low birth weight, as com-
pared with placebo; this trial did not show a sig-
nificant effect of vitamin supplementation on the 
risk of preterm birth.11 In a trial in Guinea-Bissau, 
which compared supplements containing one or 
two times the RDA of micronutrients with place-
bo,29 the incidence of low birth weight was sig-
nificantly higher among infants of mothers who 
received placebo than among infants of mothers 
who received supplements containing twice the 
RDA (13.6% vs. 10.0%; mean difference in birth 
weight, 95 g) but was not significantly different 
from the incidence among infants of mothers who 
received supplements containing the RDA (low 
birth weight, 12.0%; mean difference in birth 
weight between this group and the placebo group, 
53 g; P = 0.009 for linear trend in birth weight). 

The efficacy of supplements that include the 
RDA may vary in developing countries. In our pre-
vious study involving HIV-positive Tanzanian 
women13 and in the current study involving HIV-
negative Tanzanian women, the supplement 
contained twice the RDA of vitamin E and 6 to 
10 times the RDAs for several B vitamins and vi-
tamin C. HIV-infected persons are likely to require 
an increased vitamin intake to maintain an ad-
equate nutritional status.30 Given that the RDA 
is the level recommended for healthy women in 
North America, even in the absence of HIV infec-
tion, this level of supplementation may be inade-
quate to meet the requirements of pregnant wom-
en in many developing countries because of the 

Table 1. Baseline Characteristics of Women in the Multivitamin and Placebo 
Groups.*

Characteristic
Multivitamin Group 

(N = 4214)
Placebo Group 

(N = 4214)

Gestational age of fetus (wk) 21.3±3.5 21.3±3.5

Maternal age (yr) 25.2±5.1 25.1±5.1

Education (%)†

0–4 yr 11.6 11.4

5–7 yr 65.9 67.2

8–11 yr 17.3 16.4

≥12 yr 5.2 5.0

Parity (%)‡ 

0 (primigravida) 45.5 45.1

1 27.5 27.9

2 14.6 15.0

≥3 12.4 12.0

Body-mass index (%)§

<22.0 26.3 26.9

22.0–24.9 34.6 35.1

25.0–29.9 30.0 28.2

≥30.0 9.1 9.8

Hemoglobin (%)¶

<8.5 g/dl 11.9 12.1

8.5–10.9 g/dl 55.9 54.9

≥11.0 g/dl 32.2 33.0

T-cell counts‖

CD4+ count (cells/mm3) 807±253 804±263

CD4+ count <775 cells/mm3 (%) 50.0 51.3

CD3+ count <1350 cells/mm3 (%) 50.9 50.1

CD8+ count <480 cells/mm3 (%) 48.7 49.2

* Plus–minus values are means ±SD. There were no significant differences be-
tween the multivitamin and placebo groups (P≥0.05). 

† Information regarding education was not available for 38 women (0.5%).
‡ Information regarding parity was not available for 45 women (0.5%).
§  The body-mass index is the weight in kilograms divided by the square of the 

height in meters. The baseline body-mass index was not available for 1034 
women (12.3%).

¶ Baseline hemoglobin measurements were not available for 1182 women 
(14.0%).

‖ Baseline T-cell counts (CD4+, CD8+, and CD3+) were not available for 5598 
women (66.5%).
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higher burden of undernutrition and parasitic in-
fections in these countries.

In an analysis of pooled data from the two 
Nepalese trials, perinatal mortality was paradoxi-
cally increased with multivitamin use.12 The au-
thors suggested that higher birth weight, at least 
among short and chronically undernourished 
South Asian women, could lead to difficulty in 
labor, presumably because of cephalopelvic dis-
proportion, with associated perinatal mortality. 
The trial in Mexico did not show an adverse ef-
fect of supplementation.10 Fetal mortality was 
significantly reduced (by 39%) with supplemen-
tation in our previous study of HIV-positive Tan-
zanian women.13 In the current study, supplemen-
tation had no significant effect on fetal mortality; 
the same was true in the study in Guinea-Bissau.29 
In both the current study and the study in Zimba-
bwe,31 the risks of cesarean section did not differ 

significantly between the multivitamin and place-
bo groups. Thus, the availability of standard ante-
natal and obstetrical care that provides for early 
identification and management of conditions as-
sociated with obstructed labor may mitigate con-
cerns about the potentially adverse effects of mi-
cronutrient supplements; such care was provided 
in the African trials that were carried out in large 
urban centers.

In our current study, the rate of low birth 
weight in the placebo group was substantially 
lower than previously reported rates in the general 
population. This low rate may reflect the high 
standard of prenatal care provided according to 
national and World Health Organization guide-
lines. Even so, multivitamin supplementation had 
beneficial effects on some pregnancy outcomes. 
It is not clear whether the effects of supplemen-
tation would be different in populations of women 

Table 2. Birth Outcomes.

End Point*
No. of 

Women
No. of  
Infants Multivitamin Group Placebo Group

Difference  
or Relative Risk P Value

Birth weight — g 7732 7866

Mean (95% CI) 3148 (3132 to 3165) 3083 (3067 to 3099) 67 (43 to 89) <0.001

<2500 g — no. (%) 306 (7.8) 368 (9.4) 0.82 (0.70 to 0.95) 0.01

<2000 g — no. (%) 85 (2.2) 109 (2.8) 0.75 (0.56 to 1.02) 0.06

Gestational age — wk 7996    

Mean (95% CI) 39.5 (39.4 to 39.6) 39.4 (39.3 to 39.5) 0.2 (0.0 to 0.3) 0.02

Preterm birth — no. (%) 7996

<37 wk 676 (16.9) 666 (16.7) 1.01 (0.91 to 1.11) 0.87

<34 wk 196 (4.9) 222 (5.6) 0.88 (0.73 to 1.06) 0.17

Low birth weight and preterm 
birth — no. (%) 

7732 7866 160 (4.1) 176 (4.5) 0.88 (0.71 to 1.10) 0.27

Low birth weight and term birth 
— no. (%) 

6437 6516 146 (4.5) 192 (5.9) 0.76 (0.61 to 0.95) 0.02

Small for gestational age —  
no. (%)†

7518 7650 407 (10.7) 523 (13.6) 0.77 (0.68 to 0.87) <0.001

Length — cm 5540 5640   

Mean (95% CI) 47.5 (47.3 to 47.7) 47.3 (47.1 to 47.5) 0.2 (−0.1 to 0.5) 0.28

Head circumference — cm 6611 6731   

Mean (95% CI) 34.4 (34.3 to 34.5) 34.3 (34.2 to 34.4) 0.1 (0.0 to 0.2) 0.17

Placental weight — g 6722 6746  <0.001

Mean (95% CI) 507 (503 to 510) 498 (495 to 501) 9 (4 to 14)

Cesarean section — no. (%) 8379 353 (8.4) 307 (7.3) 1.15 (0.99 to 1.33) 0.06

* Gestational age at birth, preterm births, and cesarean sections were considered to be outcomes for women.
† Small for gestational age was defined as a birth weight below the 10th percentile for gestational age. The analysis of this end point was re-

stricted to births at 21 to 44 weeks of gestation.
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for whom prenatal care is less available. Future 
trials could assess the effects of varying doses and 
the addition of other nutrients not included in our 
regimen.

In conclusion, prenatal multivitamin supple-
mentation significantly reduced the risks of low 
birth weight and a birth size that was small for 

gestational age, but it had no significant effects 
on the risks of prematurity or fetal death. In light 
of these benefits and the low cost of the supple-
ments, multivitamins should be considered for 
all pregnant women. Many developing countries 
have a system for providing prenatal iron and fo-
late supplements; the supplements are produced 

Table 4. Hemoglobin and T-Cell Counts among Women 6 Weeks after Delivery.

End Point
No. of  

Women Multivitamin Group Placebo Group
Difference or Relative  

Risk (95% CI)* P Value

Hemoglobin 6169   

Mean (95% CI) — g/dl 12.1 (12.1 to 12.2) 11.9 (11.9 to 12.0) 0.2 (0.1 to 0.3) <0.001

<8.5 g/dl — no. (%) 87 (2.8) 104 (3.4) 0.84 (0.63 to 1.11) 0.21

<11 g/dl — no. (%) 593 (19.2) 671 (21.8) 0.88 (0.80 to 0.97) 0.01

CD4+ 3017  

Mean (95% CI) — cells/mm3 924 (909 to 939) 888 (874 to 902) 36 (15 to 57) <0.001

CD4+ <775 cells/mm3 — no. (%) 466 (31.0) 577 (38.1) 0.81 (0.74 to 0.90) <0.001

CD8+ 3017  

Mean (95% CI) — cells/mm3 654 (640 to 668) 640 (626 to 654) 15 (−5 to 34) 0.14

CD8+ <480 cells/mm3 — no. (%) 424 (28.2) 469 (31.0) 0.91 (0.82 to 1.02) 0.10

CD3+ 3017  

Mean (95% CI) — cells/mm3 1669 (1643 to 1695) 1614 (1588 to 1640) 55 (18 to 92) 0.003

CD3+ <1350 cells/mm3 — no. (%) 414 (27.5) 510 (33.7) 0.82 (0.73 to 0.91) <0.001

* Mean differences are shown for continuous variables, and relative risks for categorical variables.

Table 3. Fetal Loss, Miscarriage, Stillbirths, and Infant Deaths.*

Outcome Time of Death
No. of 

Women
No. of  
Infants

Multivitamin 
Group

Placebo  
Group

Relative Risk  
(95% CI) P Value

no. (%)

Fetal loss Any time before delivery 8379 8536 184 (4.3) 215 (5.0) 0.87 (0.72–1.05) 0.15

Miscarriage Before 28 weeks’ gestation 8379 50 (1.2) 52 (1.2) 0.96 (0.65–1.41) 0.84

Stillbirth Between 28 weeks’ gestation  
and delivery

8277 8434 134 (3.2) 163 (3.9) 0.84 (0.67–1.05) 0.13

Death

Perinatal Between 28 weeks’ gestation  
and 1 week after delivery

7919 8048 227 (5.7) 268 (6.6) 0.88 (0.74–1.04) 0.13

Postnatal During the first 6 weeks after  
delivery

7638 7751 100 (2.6) 120 (3.1) 0.86 (0.66–1.13) 0.28

Perinatal or 
postnatal 

Between 28 weeks’ gestation  
and 6 weeks after delivery 

7919 8048 234 (5.8) 283 (7.0) 0.86 (0.72–1.02) 0.08

Fetal, perinatal, 
or postnatal 

Any time before delivery or dur-
ing first 6 weeks after delivery 

8021 8150 284 (7.0) 335 (8.2) 0.88 (0.75–1.02) 0.09

* Numbers and percentages of infants are shown for all outcomes except miscarriage, for which numbers and percentages of women are 
shown, since miscarriage was considered to be an outcome for women.
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in bulk by the United Nations Children’s Fund 
(UNICEF) at an estimated cost of less than $1 per 
person for the duration of pregnancy.32 The in-
crease in cost of incorporating the RDA of addi-
tional nutrients is conservatively estimated to be 
about 20%,32 and scaling up prenatal multiple 
micronutrient supplementation could be a highly 
cost-effective approach to improving birth out-
comes among pregnant women in developing 
countries.
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summ a r y

Neural-tube defects such as anencephaly and spina bifida constitute a group of com-
mon congenital malformations caused by complex genetic and environmental fac-
tors. We have identified three mutations in the VANGL1 gene in patients with famil-
ial types (V239I and R274Q) and a sporadic type (M328T) of the disease, including 
a spontaneous mutation (V239I) appearing in a familial setting. In a protein–protein 
interaction assay V239I abolished interaction of VANGL1 protein with its binding part-
ners, disheveled-1, -2, and -3. These findings implicate VANGL1 as a risk factor in human 
neural-tube defects.

Neural-tube defects affect 1 to 2 infants per 1000 births1 and 
are caused by a partial or complete failure of the neural tube to close during 
embryogenesis.1 The most common forms of neural-tube defects are de-

scribed as open defects (including anencephaly and myelomeningocele, or spina bi-
fida), which result from the failure of fusion in the cranial and spinal region of the 
neural tube, respectively.1 Other open dysraphisms (including myeloschisis, hemimy-
elomeningocele, and hemimyelocele) are sometimes associated with a Chiari II mal-
formation. A number of skin-covered (closed) neural-tube defects are categorized 
clinically depending on the presence of a subcutaneous mass (lipomyeloschisis, lipo-
myelomeningocele, meningocele, and myelocystocele) or the absence of such a mass 
(complex dysraphic states, including split cord malformations, dermal sinus, caudal 
regression, and segmental spinal dysgenesis).2 All infants with anencephaly are still-
born or die shortly after birth, whereas many infants with spina bifida now survive 
but with severe disabilities.1

Maternal periconceptional supplementation of folic acid reduces the incidence of 
neural-tube defects by 50 to 70%.3 Polymorphic variants in genes of the folate and 
homocysteine pathways have been associated with an increased risk of neural-tube 
defects, including a common variant (C677T) in the MTHFR gene (5,10-methylene 
tetrahydrofolate reductase).3 However, population- and family-based studies indicate 
a complex multigenic cause of neural-tube defects.1 Although no causative gene has 
been identified in humans, mutated Vangl2 is present in the Loop-tail (Lp) mouse mu-
tant4,5 with a severe defect known as craniorachischisis.6 Vangl2 is the mammalian 
homologue of the drosophila (fly) gene Stbm/Vang, which is required for establishing 
planar cell polarity in the developing eye, wing, and leg tissues.7,8
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In the fly, planar cell polarity is controlled by 
a membrane-associated signaling complex com-
posed of several proteins, including Stbm/Vang, 
frizzled (Fz), disheveled (Dvl), f lamingo (Fmi), 
and prickle (Pk). Activation of planar cell polarity 
involves an asymmetric redistribution of these core 
proteins in which cytoplasmic Dvl and Pk are re-
cruited to the plasma membrane, forming com-
plexes with Fz and Stbm/Vang, respectively.9 In 
vertebrates, a second VANGL gene (VANGL1) has 
been described. VANGL1 and VANGL2 proteins are 
highly similar. Each has four predicted transmem-
brane domains and a cytoplasmic domain that 
includes a PDZ-binding motif that mediates pro-
tein–protein interaction.10 In mice, Vangl1 and 
Vangl2 messenger RNAs (mRNAs) are expressed in 
the ventral and dorsal portions of the developing 
neural tube, respectively.11

We tested the hypothesis that mutations in the 
VANGL1 and VANGL2 genes cause neural-tube de-
fects and abrogate the physical interaction of the 
VANGL1 protein and disheveled proteins.

Me thods

Patients

This study included 144 patients with neural-tube 
defects, including 137 Italian patients with non-
syndromic spinal dysraphisms who were recruited 
at the Spina Bifida Center of the Gaslini Hospital 
in Genoa and 7 fetuses with craniorachischisis 
that were obtained from Groupe Hôpitalier Necker-
Enfants Malades in Paris. The Spina Bifida Cen-
ter of Gaslini Hospital has recruited children with 
neural-tube defects since 1976, mainly from the 
north and south of Italy. All mothers of Italian pa-
tients lacked periconceptional supplementation of 
folic acid. Thirteen of the Italian patients had a 
positive family history documented by clinical rec-
ords — including findings on magnetic resonance 
imaging (MRI) and radiography, which were ob-
tained from parents of patients — whereas all oth-
er patients had sporadic disease (Table 1, and Ta-
ble 1 of the Supplementary Appendix, which is 
available with the full text of this article at www.
nejm.org).

The control group consisted of 106 unrelated, 
randomly selected children who had been admit-
ted to the Gaslini Children’s Hospital for miscel-
laneous illnesses and healthy young adults who 
had contributed samples to the blood bank of 
the Gaslini Institute. None of the patients had a 

first-degree relative with a neural-tube defect. The 
samples from all control subjects were anony-
mous. Information associated with these samples 
included sex, region of birth, and age.

All patients and control subjects were Italian 
with ancestors from all parts of the country, as 
determined during genetic-counseling sessions. 
The experimental protocol was approved by the 
local ethics committee, and written informed con-
sent was obtained from all patients or their par-
ents. We analyzed additional samples from 65 
subjects in the control group obtained from the 
Centre d’Etude du Polymorphisme Humain (CEPH) 
repository, which contains samples from French, 
Venezuelan, and Amish persons and also persons 
from Utah with northwestern European ancestry.

Screening for Mutations

The coding exons of VANGL1 (National Center for 
Biotechnology Information accession number, 
NM_138959) were amplified by polymerase-chain-
reaction (PCR) assay from genomic DNA with the 
use of primers flanking the exon–intron junctions, 
as described previously.4 Primer sequences are 
available from the authors on request. The PCR 
products were purified with the use of a Qiaquick 
PCR purification kit (Qiagen) and were sequenced 
with the use of the BigDye Terminator V2.0 cycle 
sequencing kit and an automated ABI 3700 instru-
ment (Applied Biosystems). All mutations were 

Table 1. Characteristics of the Patients.

Group and Variable Finding

Italian

No. of patients 137

Male sex (%) 51

Mean age (yr) 15.3

Familial type (%) 9

Neural-tube defect (no. of patients)

Myelomeningocele with Chiari II 33

Myelomeningocele without Chiari II 47

Lipomyelomeningocele 7

Lipomyeloschisis 15

Caudal regression 35

French

No. of fetuses 7

Neural-tube defect (no. of fetuses)

Craniorachischisis 7
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verified by the dideoxynucleotide termination 
method and 33P sequencing with the use of the 
Thermo Sequenase radiolabeled terminator cycle 
sequencing kit (Amersham Pharmacia Biotech).

Interactions between Proteins

Physical interactions between human VANGL1 and 
disheveled proteins were monitored as described 
previously.10 For details, see the Methods section 
of the Supplementary Appendix.

R esult s

We identified three Italian patients who were 
heterozygotic for missense mutations in VANGL1 
(V239I, R274Q, and M328T). These mutations were 
predicted to affect amino acid residues that are 
conserved across members of the VANGL family. 
We did not detect these variants in ancestrally 
matched controls or in CEPH controls. We observed 
V239I and R274Q in two patients with familial 
types of disease (Patient 103 and Patient 48, re-
spectively) and M328T in a patient with a sporadic 
type (Patient 151). The remaining 11 patients with 
familial types of a neural-tube defect did not carry 
any disease-specific mutation in the open reading 
frame of VANGL1. We identified eight other se-
quence variants in the open reading frame of 
VANGL1 that were silent (that is, they did not change 
the predicted amino acid), that were present in 
both patients with neural-tube defects and control 
subjects, or that did not affect highly conserved 
residues (Table 2 of the Supplementary Appendix). 
On the other hand, we sequenced VANGL2 in both 
series of patients and identified several variants 
but none that were predicted to affect protein se-
quence (data not shown and in agreement with 
previous findings).11

We detected a missense mutation in VANGL1 
that is predicted to result in the substitution of 
valine with isoleucine at position 239 (V239I) in 
Patient 103, a 10-year-old Italian girl who had 
a severe form of caudal regression (type IV of 
sacral agenesis, according to Pang’s classifica-
tion12) with lipomyeloschisis, anorectal malfor-
mation, hydromelia, and tethered spinal cord 
(Table 1 of the Supplementary Appendix). The 
girl’s mother showed no clinical signs of neural-
tube defect, and her brother had a milder form 
of the disease, dermal sinus. V239I was present 
in the brother and mother of Patient 103 and was 

absent in the father and maternal aunt. However, 
the maternal grandparents did not carry the mu-
tation, indicating that it had arisen de novo in the 
germ line of one of the maternal grandparents or 
somatically in the mother and was subsequently 
transmitted through the mother’s germ line (Fig. 
1A). Additional genotyping confirmed paternity, 
maternity, and DNA authenticity in all family 
members (including the paternity and maternity 
of the mother of the proband) from whom DNA 
was available (not shown). Valine at position 239 
is in the fourth predicted transmembrane domain 
of the VANGL1 protein (Fig. 1C). It is invariant and 
part of a “VLLE” motif, which is conserved across 
all known Vangl proteins (Fig. 1D). Although a 
substitution with isoleucine preserves the hydro-
phobic character of valine, it introduces a bulky 
side chain, which may have structural or func-
tional consequences.

We identified a missense mutation that is pre-
dicted to result in the substitution of glutamine 
for arginine at position 274 (R274Q) in Patient 48, 
a 19-year-old Italian girl who had myelomeningo-
cele (level L5–S1), hydrocephalus, and congenital 
club feet (Table 1 of the Supplementary Appen-
dix). Her mother and maternal aunt had vertebral 
schisis, a minimal sign of a neural-tube defect. 
R274Q was present in the mother but not in the 
father (DNA samples from the patient’s maternal 
aunt and brother were not available for analysis) 
(Fig. 1B). R274Q is in the cytoplasmic domain of 
VANGL1 (Fig. 1C). It is invariant in all known or-
thologues (genes in two or more species that have 
evolved from a common ancestor) except that of 
Caenorhabditis elegans, in which it is replaced by 
glutamate (Fig. 1D). Although a substitution of 
glutamate in the C. elegans orthologue is noncon-
servative, it preserves the charged character of ar-
ginine, a physical property that is not preserved 
by substitution with glutamine.

We detected a missense mutation that is pre-
dicted to result in the substitution of methionine 
with threonine at position 328 (M328T) in a 21-
year-old woman with sporadic disease; she had 
myelomeningocele (level L3–S1), hydrocephalus, 
Chiari II malformation, tethered spinal cord, club 
feet, lumbosacral scoliosis, and sacrococcygeal 
kyphosis. M328T is also in the predicted cytoplas-
mic domain of VANGL1 (Fig. 1C). The hydropho-
bic character of methionine is conserved at this 
position across evolution (Fig. 1D). M328T is not 
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a conservative substitution because threonine con-
tains a hydroxyl side chain that substantially in-
creases the hydrophilicity at this position.

Mouse Vangl1 and Vangl2 proteins physically 
interact with cytoplasmic Dvl1, Dvl2, and Dvl3; in 
mice, Lp-associated mutations of Vangl2 disrupt 
this interaction.10 Therefore, we tested the ability 
of V239I, R274Q, and M328T variants of VANGL1 
to interact with the Dvl proteins with use of the 
yeast two-hybrid system. All VANGL1 and Dvl con-
structs were stably expressed at similar levels in 
Saccharomyces cerevisiae (Fig. 2A). Our results indi-
cate that VANGL1 interacts with the N-terminal 
half of Dvl proteins and that this interaction is 
disrupted either completely (D259E) or partially 
(S467N) by Lp-associated mutations (Fig. 2B). The 
V239I mutation in VANGL1 abrogated interac-
tion between VANGL1 and all three Dvl proteins, 
whereas R274Q and M238T had no apparent effect 
on this interaction in this assay (Fig. 2B). We ob-

tained similar results regardless of the “reporter” 
of this interaction (the secretion of α-galactosidase 
or the production of β-galactosidase) in diploid 
yeast cells (Fig. 2C and 2D).

Discussion

We have identified three VANGL1 mutations (V239I, 
R274Q, and M328T) in patients with sporadic and 
familial neural-tube defects. These three mutations 
affect residues conserved in Vangl proteins across 
species. Our findings contrast with those of a pre-
vious study in which no disease-specific mutation 
was identified in VANGL1 in a group of 66 patients 
with neural-tube defects.11

The phenotype associated with V239I varied 
among patients. This finding is consistent with the 

Figure 1. VANGL1 Mutations Associated with Neural-
Tube Defects.

The familial pedigrees are shown for Patient 103 (Panel 
A) and Patient 48 (Panel B), who carry the V239I 
(715G→A) and R274Q (821G→A) mutations, respective-
ly. Patient 103 (arrow) was affected with lipomyeloschi-
sis, hydromyelia, and caudal regression. Her brother 
was affected with dermal sinus (patterned box). V239I 
was present in the brother and mother and absent in 
the father and the maternal aunt and grandparents. Pa-
tient 48 (arrow) was affected with lumbosacral myelo-
meningocele (L5–S1) and hydrocephalus. Her mother 
and maternal aunt were affected with vertebral schisis 
(dotted circles). R274Q was present in the mother and 
absent in the father. Panel C shows a topologic model 
of VANGL1 with the approximate positions of V239I, 
R274Q, and M328T indicated. Panel D shows a partial 
alignment of VANGL1 with 10 other vertebrate and in-
vertebrate Stbm/Vangl sequences. Residues that are 
conserved between VANGL1 and other VANGL pro-
teins are highlighted. VANGL1 substitutions of V239I 
(left), R274Q (center), and M328T (right) that are 
found in patients with neural-tube defects affect con-
served residues (indicated by arrows). National Center 
for Biotechnology Information accession numbers are 
NP_620409 for VANGL1, XP_049695 for VANGL2,  
NP_277044 for mouse (m) Vangl2, XP_222896 for  
rat (r) Vangl2, AAK70879 for xenopus (x) Vangl2, 
AAL30891 for zebrafish (z) Vangl2, AK113083 for  
ascidian (as) Vangl2, NP_477177 for drosophila (d) 
Stbm/Vang, EAA00250 for African malaria mosquito 
(ma) Stbm, and NP_508500 for Caenorhabditis elegans 
(ce) Stbm. The protein sequence of mouse Vangl1 was 
initially reported by Wolff and Rubin in 1998.8
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Figure 2. Interaction of Human VANGL1 Variants with Disheveled Proteins in a Yeast Two-Hybrid System.

Panel A shows immunoblotting of wild-type and mutant (V239I, R274Q, M328T, D259E, and S467N) VANGL1 variants (cytoplasmic do-
main, positions 243–526) expressed in yeast cells with a monoclonal antibody directed against a c-myc epitope engineered at the  
N-terminal of VANGL1 proteins. N-terminal segments of Dvl proteins (positions 1–404 of Dvl1-5, positions 1–418 of Dvl2-5, and posi-
tions 1–395 of Dvl3-5) consisting of the DIX and PDZ domains and a C-terminal segment corresponding to the DEP domains of Dvl3 
(positions 389–717 of Dvl3-3) were detected with the use of a monoclonal antibody against an HA epitope present in all Dvl constructs, 
as well as in the control pGAD vector (pGAD). In Panel B, diploid cells, produced by mating cells Dvl (rows) and VANGL1-expressing 
yeast cells (columns), were plated on a medium of increasing stringency of selection to detect interaction (growth). The medium labeled 
−Leu/−Trp lacks leucine and tryptophan and supports the growth of diploid cells without a requirement for protein interaction. The me-
dium labeled –His/–Leu/–Trp (which lacks histidine, leucine, and tryptophan) and the medium labeled –Ade/–His/–Leu/–Trp (which 
lacks adenine, histidine, leucine, and tryptophan) support the growth of diploid cells only if proteins interact. Interaction between the 
various Dvl and VANGL chimeras was verified by measuring the activity of α-galactosidase (Panel C) and β-galactosidase (Panel D), as 
described previously.10 The I bars indicate standard deviations. 
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proposed multifactorial model for neural-tube de-
fects; V239I probably has a partial or complete 
loss-of-function effect and interacts with other 
genetic loci or unknown environmental factors to 
modulate the incidence and severity of the defect. 
Notably, the mother of the proband with the 
V239I de novo mutation also had the mutation (de 
novo) but no phenotype for a neural-tube defect, 
possibly reflecting mosaicism (with respect to cells 
carrying the mutation) or variable penetrance or 
expressivity. At the biochemical level, V239I abol-
ishes the interaction of VANGL1 with Dvl proteins, 
which may compromise the recruitment of Dvl to 
the plasma membrane and thus perturb molecu-
lar signaling during gastrulation and neural-tube 
closure.

Noncoding regulatory polymorphisms in 
VANGL1, particularly regulatory variants modulat-
ing the level of gene transcription, could also 
confer susceptibility to neural-tube defects. A thor-
ough analysis of the promoter region of VANGL1 
in our series of patients may uncover additional 
mutations predisposing to the condition. However, 
the identification of such polymorphisms is chal-
lenging in the absence of detailed information on 
cis-acting sequence elements that regulate tempo-
ral and tissue-specific expression of VANGL1 dur-
ing embryogenesis.

Our results are consistent with studies that un-
derscore the critical role of core planar-cell-polar-
ity genes (Vangl2, Celsr1, Dvl, and Fz) in controlling 
convergent extension, a process necessary for neu-
ral-tube closure.4,5,13-16 Moreover, it was shown 
that mutations in Ptk7 interact genetically with 
Vangl2 in mice that are heterozygous for both mu-
tations and consequently develop neural-tube de-
fects.17 Studying the effect of periconceptional 
supplementation with folic acid, inositol, and me-
thionine on the emergence of neural-tube defects 
in these mutants may shed further light on the 
preventive mechanism associated with these nu-
trients. Additional tests of association between 
mutated VANGL1 and neural-tube defects in hu-
mans is warranted, as is the systematic genetic and 
biochemical testing of the other members of the 
planar-cell-polarity signaling pathway for a role in 
the cause of this disease.

Supported by a Career Award from the Burroughs Wellcome 
Fund (to Dr. Wallingford), by a grant from the Gaslini Founda-
tion (to Dr. Capra), by the National Institute of General Medical 
Sciences, and by grants from the Canadian Institute for Health 
Research, the Natural Science and Engineering Research Council, 
Genome Quebec, and Genome Canada (to Drs. Drapeau and Gros). 

No potential conflict of interest relevant to this article was 
reported.

We thank all the patients who participated in this study; the 
Spina Bifida Association of Italy; and T. Attie-Bitach and M. Veke-
mans of Hôpital Necker–Enfants Malades, Paris, for their assis-
tance with the craniorachischisis samples.

References

Copp AJ, Greene NDE, Murdoch JN. 
The genetic basis of mammalian neurula-
tion. Nat Rev Genet 2003;4:784-93.

Tortori-Donati P, Rossi A, Cama A. 
Spinal dysraphism: a review of neuroradio-
logical features with embryological cor-
relation and proposal for a new classifica-
tion. Neuroradiology 2000;42:471-91.

van der Linden IJ, Afman LA, Heil SG, 
Blom HJ. Genetic variation in genes of fo-
late metabolism and neural-tube defect 
risk. Proc Nutr Soc 2006;65:204-15.

Kibar Z, Vogan KJ, Groulx N, Justice 
MJ, Underhill DA, Gros P. Ltap, a mam-
malian homolog of Drosophila Strabismus/
Van Gogh, is altered in the mouse neural 
tube defect mutant Loop-tail. Nat Genet 
2001;28:251-5.

Murdoch JN, Doudney K, Paternotte 
C, Copp AJ, Stanier P. Severe neural tube 
defects in the loop-tail mouse result from 
mutation of Lpp1, a novel gene involved in 
floor plate specification. Hum Mol Genet 
2001;10:2593-601.

Stein KF, Rudin IA. Development of 
mice homozygous for the gene for Loop-
tail. J Hered 1953;44:59-69.

1.

2.

3.

4.

5.

6.

Taylor J, Abramova N, Charlton J, 
Adler PN. Van Gogh: a new Drosophila 
tissue polarity gene. Genetics 1998;150: 
199-210.

Wolff T, Rubin GM. Strabismus, a novel 
gene that regulates tissue polarity and cell 
fate decisions in Drosophila. Development 
1998;125:1149-59.

Strutt H, Strutt D. Long-range coordi-
nation of planar polarity in Drosophila. 
Bioessays 2005;27:1218-27.

Torban E, Wang H-J, Groulx N, Gros P. 
Independent mutations in mouse Vangl2 
that cause neural tube defects in looptail 
mice impair interaction with members of 
the Dishevelled family. J Biol Chem 2004; 
279:52703-13.

Doudney K, Ybot-Gonzalez P, Pater-
notte C, et al. Analysis of the planar cell 
polarity gene Vangl2 and its co-expressed 
paralogue Vangl1 in neural tube defect 
patients. Am J Med Genet A 2005;136:90-2. 
[Erratum, Am J Med Genet A 2005;138: 
415.]

Pang D. Sacral agenesis and caudal 
spinal cord malformations. Neurosurgery 
1993;32:755-79.

7.

8.

9.

10.

11.

12.

Curtin JA, Quint E, Tsipouri V, et al. 
Mutation of Celsr1 disrupts planar polar-
ity of inner ear hair cells and causes se-
vere neural tube defects in the mouse. 
Curr Biol 2003;13:1129-33.

Hamblet NS, Lijam N, Ruiz-Lozano P, 
et al. Dishevelled 2 is essential for cardiac 
outflow tract development, somite segmen-
tation and neural tube closure. Develop-
ment 2002;129:5827-38.

Torban E, Kor C, Gros P. Van Gogh-
like 2 (Strabismus) and its role in planar 
cell polarity and convergent extension in 
vertebrates. Trends Genet 2004;20:570-7.

Wang Y, Guo N, Nathans J. The role of 
Frizzled3 and Frizzled6 in neural tube 
closure and in the planar polarity of inner-
ear sensory hair cells. J Neurosci 2006; 
26:2147-56.

Lu X, Borchers AG, Jolicoeur C, Ray-
burn H, Baker JC, Tessier-Lavigne M. 
PTK7/CCK-4 is a novel regulator of planar 
cell polarity in vertebrates. Nature 2004; 
430:93-8.
Copyright © 2007 Massachusetts Medical Society. 

13.

14.

15.

16.

17.



clinical practice

T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 356;14 www.nejm.org april 5, 20071438

Prophylaxis for Thromboembolism  
in Hospitalized Medical Patients

Charles W. Francis, M.D.

From the Department of Hematology and 
Oncology, University of Rochester Medi-
cal Center, Rochester, NY. Address reprint 
requests to Dr. Francis at the University 
of Rochester Medical Center, 601 Elmwood 
Ave., Box 610, Rochester, NY 14642, or at 
charles_francis@urmc.rochester.edu.

N Engl J Med 2007;356:1438-44.
Copyright © 2007 Massachusetts Medical Society. 

A 62-year-old man is admitted with fever, cough, and dyspnea. He is weak, appears to 
be dehydrated, and has purulent sputum. His temperature is 39.2°C, respirations 22, 
and blood pressure 128/69 mm Hg. There are crackles over the left lower lung field, 
and chest radiography shows a density in the left lower lobe that is consistent with 
pneumonia. Should thromboprophylaxis be provided? If so, in what form?

The Cl inic a l Problem

Venous thromboembolism is a frequent cause of preventable illness and death in hos-
pitalized patients. About 25% of all cases of venous thromboembolism are associated 
with hospitalization,1,2 and 50 to 75% of cases of venous thromboembolism in hos-
pitalized patients occur in those on the medical service.3-5 In prospective studies of 
hospitalized patients at high risk who were not receiving prophylaxis, deep-vein throm-
bosis was found by means of venography in 10.5%6 to 14.9%7 of patients and by means 
of ultrasonography in 5.0% of patients.8 In these studies, pulmonary embolism oc-
curred in 0.3 to 1.5% of cases, and proximal deep-vein thrombosis in 2.0 to 4.9% of 
cases. Thrombosis was asymptomatic in over 70% of cases, probably because most 
patients spent much of the day in bed, with little ambulation. Pulmonary embolism 
is thought to be associated with 5 to 10% of deaths of hospitalized patients,9-12 but 
this diagnosis is not suspected clinically in the vast majority of cases.

S tr ategies a nd E v idence

For patients presenting with symptoms of venous thromboembolism, accurate diag-
nosis and treatment are essential. However, diagnosis and treatment alone are inad-
equate for hospitalized patients who are at high risk, in whom asymptomatic deep-
vein thrombosis is common and death from pulmonary embolism usually occurs 
rapidly, before the diagnosis is suspected. In such patients, primary prophylaxis with 
the use of a highly effective intervention that carries a low risk of adverse effects is 
the best approach.

Assessment of Risk

The risk of venous thromboembolism is related to the presence or absence of specific 
risk factors (Table 1), and it increases if multiple risk factors are present, as is the case 
in most hospitalized patients. Because decisions regarding prophylaxis depend on the 
baseline risk, all patients should undergo a risk assessment on admission to the hos-
pital and a reassessment when their status changes, such as after transfer to the in-
tensive care unit or after surgery. Systems to estimate risk on the basis of the number 

This Journal feature begins with a case vignette highlighting a common clinical problem.  
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,  

when they exist. The article ends with the author’s clinical recommendations. 
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and type of risk factors present in an individual 
hospitalized patient have been proposed,13,14 but 
none have been prospectively validated. Although 
data are not available to inform specific recom-
mendations for prophylaxis that are based on the 
patient’s age and the expected duration of hospi-
talization, prophylaxis is generally considered rea-
sonable for patients on the medical service who 
are older than 40 years, have limited mobility for 
3 days or more, and have at least one risk factor.

Prophylaxis

The pathogenesis of venous thrombosis is related 
primarily to hypercoagulability and venous stasis. 
Available prophylactic treatments improve venous 
flow or reduce blood coagulability.

Nonpharmacologic Therapies
Both ambulation and exercises involving foot ex-
tension improve venous flow and should be en-
couraged. Graduated compression stockings and 
pneumatic compression devices also reduce venous 
stasis and are effective in reducing the risk of post-
operative venous thromboembolism.15,16 A Co-
chrane Review showed that the use of graduated 
compression stockings reduced venous thrombo-
embolism in hospitalized patients after surgery 
by about 50%.16 However, no data are available 
from large studies of hospitalized medical patients, 
and the reliability of information from clinical 
studies is limited by the lack of blinding. Non-
pharmacologic prophylaxis is a logical choice for 
patients at high risk for bleeding with anticoagu-
lant prophylaxis, including patients with active or 
recent gastrointestinal bleeding, patients with hem-
orrhagic stroke, and those with hemostatic de-
fects such as severe thrombocytopenia. Removal 
of graduated compression stockings because of 
discomfort, transport within the hospital, or visits 
to the bathroom can limit their effectiveness.

Anticoagulant Prophylaxis
Effective prophylaxis can be provided with unfrac-
tionated heparin, low-molecular-weight heparins, 
or fondaparinux (Table 2). The initial information 
about the value of prophylaxis in hospitalized pa-
tients came from clinical trials involving patients 
undergoing surgery.17 A single large trial showed 
that the use of low-dose unfractionated heparin 
was associated with a decrease in the incidence of 
fatal pulmonary embolism after general surgery.18 
A subsequent meta-analysis of 74 trials showed 

that low doses of heparin reduced the rates of post-
operative venous thromboembolism and total and 
fatal pulmonary embolism by 67%, 47%, and 64%, 
respectively.19 Heparin therapy resulted in a 2% ab-
solute increase in the incidence bleeding compli-
cations, most of which occurred at the surgical 
site.19 Most of these studies identified thrombo-
sis by means of noninvasive vascular testing, and 
the presence of asymptomatic thrombi was the 
most common end point. Although the clinical sig-
nificance of such thrombi is questionable, studies 
of the natural history of venous thromboembolism 
indicate direct relations among calf-vein thrombi, 
larger proximal thrombi, and pulmonary embo-
lism.20-23

There have been fewer trials involving hospi-
talized medical patients, but the results have pro-
vided support for the use of anticoagulant prophy-
laxis. One meta-analysis24 included four studies 
of 5256 patients with deep-vein thrombosis as the 
end point, five studies of 7355 patients with death 
as the end point, nine studies of 19,958 patients 
with pulmonary embolism as the end point, and 

Table 1. Risk Factors for Venous Thromboembolism 
in Hospitalized Patients.

Condition

Acute infectious disease

Congestive heart failure*

Acute myocardial infarction

Acute respiratory disease

Stroke

Rheumatic disease (e.g., acute arthritis)

Inflammatory bowel disease

Clinical characteristic

Previous venous thromboembolism

Older age (especially >75 yr)

Recent surgery or trauma

Immobility or paresis

Obesity (BMI >30)†

Central venous catheterization

Inherited or acquired thrombophilic states

Varicose veins

Estrogen therapy

* Congestive heart failure is defined as New York Heart 
Association class III or IV disease.

† The body-mass index (BMI) is the weight in kilograms di-
vided by the square of the height in meters.
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seven studies of 19,510 patients with fatal pulmo-
nary embolism as the end point. The use of anti-
coagulant prophylaxis resulted in significant reduc-
tions in the relative risks of pulmonary embolism 
(0.43; 95% confidence interval [CI], 0.26 to 0.71) 
and fatal pulmonary embolism (0.38; 95% CI, 0.21 
to 0.69) and a nonsignificant reduction in the rela-
tive risk of deep-vein thrombosis (0.47; 95% CI, 
0.22 to 1.00), with no effect on overall mortality 
and a nonsignificant increase in the relative risk 
of major bleeding (1.32; 95% CI, 0.73 to 2.37).

In another trial, hospitalized patients receiving 
unfractionated heparin (5000 U every 8 hours) had 
lower mortality than those receiving no treatment 
(7.8% vs. 10.9%, P = 0.03).25 However, there was no 
placebo group, and treatment was assigned ac-
cording to the medical-record number, a method 
that is subject to bias. An open-label study in Swe-
den involving 11,693 patients with infectious dis-
eases showed no significant differences in mor-
tality during hospitalization or in autopsy-verified 
fatal pulmonary embolism among patients ran-
domly assigned to receive either unfractionated 
heparin (5000 U every 12 hours) or no prophylac-
tic treatment.26

Three large randomized, double-blind, placebo-
controlled trials have provided further support for 
the value of prophylaxis in hospitalized patients 
(Fig. 1). The Prophylaxis in Medical Patients with 
Enoxaparin (MEDENOX) study compared two dos-
es of enoxaparin (20 mg or 40 mg once daily) with 
placebo in 1102 nonsurgical patients who were 
more than 40 years old and were hospitalized for 
at least 6 days.7 Most patients had congestive heart 

failure, non–ventilator-dependent respiratory fail-
ure, or acute infectious disease, as well as multi-
ple risk factors for venous thromboembolism. The 
primary end point was deep-vein thrombosis or 
pulmonary embolism. Patients underwent bilateral 
venography, or compression ultrasonography if 
venography could not be performed, between days 
6 and 14. The group randomly assigned to receive 
40 mg of enoxaparin daily (but not the 20-mg 
enoxaparin group) had a significantly lower rate of 
thromboembolism than the placebo group (5.5% 
vs. 14.9%, P<0.001) and a significantly lower rate 
of proximal deep-vein thrombosis (4.9% vs. 1.7%, 
P = 0.04); there were no significant differences 
among the groups in mortality at day 10 or in 
bleeding complications.

Similar results were reported for another low-
molecular-weight heparin, dalteparin. The Pro-
spective Evaluation of Dalteparin Efficacy for Pre-
vention of VTE in Immobilized Patients Trial 
(PREVENT) was a placebo-controlled, randomized 
trial involving 3706 patients who, at entry, were 
similar to those in the MEDENOX study.8 Patients 
randomly assigned to dalteparin (5000 U once 
daily for 14 days) had significantly lower rates of 
venous thromboembolism (the primary end point, 
which included symptomatic deep-vein throm-
bosis, pulmonary embolism, and asymptomatic 
deep-vein thrombosis on ultrasonography) by day 
21 than patients randomly assigned to placebo 
(2.8% vs. 5.0%, P = 0.002). The rate of proximal 
deep-vein thrombosis was also significantly re-
duced in the dalteparin group, but there were no 
significant differences between the dalteparin 

Table 2. Medications and Doses for Prophylaxis of Venous Thromboembolism in Hospitalized Medical Patients.*

Drug† Dose Comment

Unfractionated heparin 5000 U subcutaneously, every 8 hr‡

Low-molecular-weight heparins

Enoxaparin (Lovenox) 40 mg subcutaneously, once daily More expensive than heparin; 20 mg daily 
not effective

Dalteparin (Fragmin) 5000 U subcutaneously, once daily More expensive than heparin

Fondaparinux (Arixtra)§ 2.5 mg subcutaneously, once daily More expensive than heparin

* Anticoagulant prophylaxis should not be used if there is a risk of excessive bleeding, such as in patients with active or 
recent gastrointestinal bleeding, hemorrhagic stroke, or hemostatic defects such as severe thrombocytopenia.

† Unfractionated heparin and low-molecular-weight heparins should not be used in patients with current or previous hep-
arin-induced thrombocytopenia.

‡ A dose of 5000 U given subcutaneously every 12 hours has also been used. Expert opinion favors 8-hour dosing, al-
though the 8- and 12-hour regimens have not been directly compared. 

§ Fondaparinux is approved by the Food and Drug Administration for prophylaxis in surgical patients, but the same regi-
men has been used in medical patients.
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group and the placebo group in the rate of a com-
bined end point that included pulmonary embo-
lism, death, and major bleeding (0.49% and 0.16%, 
respectively).

The third placebo-controlled, randomized trial 
assessed prophylaxis with fondaparinux, a syn-
thetic pentasaccharide with inhibitory activity spe-
cific for activated factor X that is sold under the 
trade name of Arixtra. The Arixtra for Thrombo-
embolism Prevention in a Medical Indications 
Study (ARTEMIS)6 involved 849 hospitalized pa-
tients, with entry criteria similar to those in the 
MEDENOX trial and PREVENT. Patients randomly 
assigned to fondaparinux (2.5 mg once daily for 
6 to 14 days) had a significant reduction in the 
incidence of venous thromboembolism (symptom-
atic or asymptomatic, detected by means of venog-
raphy) as compared with those randomly assigned 
to placebo (5.6% vs. 10.5%; relative risk reduc-
tion, 47%; P = 0.03). Fatal pulmonary embolism 
occurred in five patients in the placebo group and 
in none in the fondaparinux group; mortality at 
1 month was 6.0% and 3.3%, respectively (P = 0.06). 
Major bleeding occurred in one patient in each 
group.

All these trials involved hospitalized patients 
considered to be at high risk for thromboembo-
lism because of the reason for admission (includ-
ing congestive heart failure, acute respiratory fail-
ure, and infectious disease) and other underlying 
medical conditions and characteristics. The ben-
efit of prophylaxis is expected to be smaller among 
lower-risk patients. Also, many of the studies had 
as an end point the presence of asymptomatic dis-
tal thrombi diagnosed by means of screening ve-
nography, although two trials also showed sig-
nificant reductions in proximal-vein thrombosis 
among patients receiving prophylaxis.

Comparison of Anticoagulant Regimens
A meta-analysis of eight trials comparing unfrac-
tionated heparin with low-molecular-weight hep-
arins for prophylaxis in hospitalized patients27 
showed no significant differences between the two 
treatment groups in the rates of venous thrombo-
embolism, but patients receiving low-molecular-
weight heparins had a lower rate of major bleed-
ing (relative risk, 0.48; 95% CI, 0.23 to 1.00).27 
No studies have directly compared different com-
monly used regimens of unfractionated heparin 
(i.e., 5000 U every 8 hours and 5000 U every 12 
hours), nor has fondaparinux been directly com-

pared with unfractionated or low-molecular-weight 
heparins.

Patients with Cancer
Hospitalized patients with active cancer are at par-
ticularly high risk for thromboembolism. In a large 
administrative database of patients with cancer and 
neutropenia due to chemotherapy, the rate of di-
agnostically coded symptomatic venous thrombo-
embolism during a single hospital stay was 5.4%.28 
Data from large randomized trials specifically fo-
cused on prophylaxis in hospitalized patients with 
cancer are not available.

Patients with Stroke
Patients with acute stroke, particularly when as-
sociated with leg paralysis, have a risk of deep-
vein thrombosis of about 60%,1,29 and several 
studies have evaluated prophylaxis in this popu-
lation.29,30 A Cochrane Review of studies including 
22,544 patients found that the use of anticoagu-
lants reduced the rates of pulmonary embolism by 
40% and deep-vein thrombosis by 79%.31 How-
ever, the rate of intracranial bleeding was also in-
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Figure 1. Results of Trials of Prophylaxis for Venous Thromboembolism  
in High-Risk Hospitalized Patients.

In three randomized, double-blind trials, enoxaparin, dalteparin, or 
fondaparinux was compared with placebo for the prevention of venous 
thromboembolism. The use of the anticoagulant resulted in significantly 
decreased rates of thromboembolism in the Prophylaxis in Medical Pa-
tients with Enoxaparin (MEDENOX) trial (P<0.001),7 the Prospective Evalu-
ation of Dalteparin Efficacy for Prevention of VTE in Immobilized Patients 
Trial (PREVENT) (P = 0.002),8 and the Arixtra for Thromboembolism Pre-
vention in a Medical Indications Study (ARTEMIS) (P = 0.03).6 Relative risk 
reductions are shown for patients receiving each prophylactic drug as com-
pared with those receiving placebo.
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creased; this finding appears to be largely attrib-
utable to the inclusion of one large study that 
involved a high dose of heparin. In studies that in-
volved low-molecular-weight heparins, the rate of 
pulmonary embolism was significantly reduced, 
with no increase in the rate of bleeding.31

Patients with Other Critical Illnesses
Critically ill patients typically have multiple risk 
factors for and a high rate of venous thromboem-
bolism. Limited evidence from small randomized 
trials indicates that prophylaxis with either unfrac-
tionated or low-molecular-weight heparins is effec-
tive in such patients.17 A systematic review of 26 
studies involving 73,000 patients who had had 
acute myocardial infarction showed a significant 
reduction of about 50% in the rate of pulmonary 
embolism among patients who received heparin 
therapy at any dose and nearly the same reduction 
in 7 trials involving low-dose heparin.32

Strategies to Increase the Use of Anticoagulation 
in At-Risk Hospitalized Patients
Evidence indicates that prophylaxis for venous 
thromboembolism is underused in hospitalized 
patients.3,5,33-35 A community-wide study of 16 hos-
pitals in Massachusetts showed that prophylaxis 
was provided for only 32% of patients at high 
risk.3 A prospective study of patients in the inten-
sive care unit showed that only 33% received pro-
phylaxis, which was administered after an average 
delay of 2 days.35 Data from one registry showed 
that only 42% of 2726 patients with symptomatic 
deep-vein thrombosis in whom thrombosis devel-
oped during hospitalization had received any form 
of prophylaxis,5 and in a survey of 106 oncologists, 
about 80% reported that they did not routinely 
provide prophylaxis for inpatients undergoing ac-
tive treatment for cancer.36

Hospital-based interventions may increase the 
use of prophylactic anticoagulation. Evidence-
based educational programs that provide hospital-
specific data demonstrating the problem of venous 
thromboembolism can be successful in increasing 
the use of prophylaxis by clinicians, as shown in 
a study that evaluated the use of prophylaxis in 15 
community hospitals before and after a targeted 
continuing medical education program was con-
ducted.37 In large randomized trials, computer 
prompts that remind physicians, through order-
entry systems, to consider the appropriate use of 
prophylaxis have been shown to increase its actual 

use.38,39 In a trial that assessed the effects of a 
computerized reminder system on both the use 
of heparin and outcomes among 2501 inpatients 
identified by the computer program to be at high 
risk (on the basis of the presence of cancer, pre-
vious venous thromboembolism, hypercoagulabil-
ity, major surgery, advanced age, obesity, bed rest, 
or the use of postmenopausal hormone therapy 
or oral contraceptives), the intervention group re-
ceived prophylactic treatment at a higher rate than 
the control group (34% vs. 15%, P<0.001) and 
also had a lower incidence of clinically diagnosed, 
objectively confirmed deep-vein thrombosis or 
pulmonary embolism at 90 days (4.9% vs. 8.2%, 
P<0.001).39

A r e a s of Uncerta in t y

There is strong evidence from well-conducted clini-
cal trials that anticoagulant prophylaxis reduces 
the risk of asymptomatic deep-vein thrombosis and 
proximal deep-vein thrombosis in hospitalized pa-
tients. Less information is available regarding the 
effects of treatment on the most important out-
comes — fatal and nonfatal pulmonary embolism 
— but findings from a meta-analysis also suggest 
improvement in these outcomes. Because the en-
try criteria in clinical trials have selected for high-
risk patients, the generalizability of the findings 
to heterogeneous populations of hospitalized pa-
tients is uncertain. Risk-stratification models have 
been developed primarily for surgical patients, and 
there is limited information regarding their appli-
cability to hospitalized patients. 

Uncertainty also remains regarding the best 
prophylactic treatment. Evidence in surgical pa-
tients indicates that graduated compression stock-
ings and pneumatic compression devices are effec-
tive, but no data from large studies of hospitalized 
medical patients are available. These interventions 
are particularly important for patients in whom 
anticoagulant prophylaxis may carry excessive risk 
because of coexisting conditions. Additional un-
certainty remains regarding the relative effective-
ness and safety of unfractionated heparin, low-
molecular-weight heparins, and fondaparinux.

Guidel ines

The American College of Chest Physicians has 
published guidelines for the use of prophylaxis 
against thromboembolism in hospitalized pa-
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tients.17 These guidelines strongly recommend the 
use of either unfractionated or low-molecular-
weight heparins in acutely ill hospitalized patients 
with heart failure, severe respiratory disease, acute 
stroke, immobility, or multiple risk factors (listed 
in Table 1). Mechanical methods of prophylaxis 
are recommended for patients at increased risk 
for bleeding. Similar recommendations have been 
published by the Thromboembolic Risk Factors 
Consensus Group.40 The recommendations given 
here are consistent with the published guidelines.

Conclusions a nd 
R ecommendations

Venous thromboembolism is a common but pre-
ventable serious complication in hospitalized pa-
tients. The patient described in the vignette has 
several risk factors, including his age and the pres-

ence of acute infectious disease, and prophylaxis 
is warranted. In the absence of a contraindication, 
I would recommend prophylaxis with unfraction-
ated heparin, a low-molecular-weight heparin, or 
fondaparinux at the doses listed in Table 2. Un-
fractionated heparin is less expensive but must be 
given three times daily, whereas low-molecular-
weight heparins and fondaparinux are more ex-
pensive but can be given once daily. All three agents 
have been shown to be effective in reducing the 
risk of venous thromboembolism in randomized 
trials. For patients who have active gastrointesti-
nal or intracranial bleeding or who are at high risk 
for bleeding, the use of graduated compression 
stockings or the intermittent use of pneumatic 
compression devices is a reasonable alternative.

Dr. Francis reports receiving consulting fees from Bayer, 
Boehringer Ingelheim, and Eisai and grant support from Pfizer. 
No other potential conflict of interest relevant to this article was 
reported.
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Hepatitis c virus (hcv) and hepatitis b virus (hbv) infections are 
common among patients with human immunodeficiency virus (HIV) infec-
tion because of shared routes of viral transmission. Liver disease due to chron-

ic HBV and HCV infection is becoming a leading cause of death among persons with 
HIV infection worldwide, and the risk of death related to liver disease is inversely re-
lated to the CD4 cell count (Fig. 1).1,2 There is also an increase in the incidence of he-
patocellular carcinoma and hepatotoxic effects associated with antiretroviral drugs 
in patients with HCV and HBV coinfection.1,3-6 New treatments for both HCV and HBV 
infections have increased the opportunities to manage these infections and poten-
tially prevent complications of liver disease.

Epidemiol o gy

The prevalence of coinfection with either HCV or HBV varies depending on the pa-
tient’s risk factors for HIV acquisition.7 HCV is most efficiently spread through direct 
exposure to contaminated blood or blood products. Rates of vertical and perinatal 
transmission are low, although they are increased in the setting of coinfection.8 Sexual 
transmission of HCV is inefficient, and the exact risk related to different types of sex-
ual activity is unknown, although there has been increasing recognition of cases of 
acute HCV infection associated with unsafe sex practices among men who have sex 
with men.9 In the United States, HIV and HCV coinfection is most prevalent among 
patients who have a history of either hemophilia or intravenous drug use. Among these 
patients, rates of coinfection approach 70 to 95%, as compared with 1 to 12% among 
men who have sex with men.7

Since the rate of clearance of HBV varies according to the patient’s age, the risk of 
HIV and HBV coinfection depends on the patient’s age at the time of exposure to both 
viruses. In the United States and Western Europe, HBV is typically acquired during 
sexual activity in adolescence or early adulthood. Although there is a high rate of 
spontaneous clearance of HBV (>90%) in immunocompetent adults, chronic infec-
tion develops in 20% of adults with HIV infection after exposure to HBV.10 The overall 
prevalence of chronic HBV infection among HIV-positive persons in the United States 
and Western Europe is less than 10%, and it is highest among men who have sex with 
men and among intravenous drug users. In areas where vertical and perinatal trans-
mission of HBV is common, such as Asia and sub-Saharan Africa, chronic HBV infec-
tion develops in more than 90% of infants exposed to HBV.11 Thus, the prevalence of 
HBV infection among HIV-infected persons varies markedly, from 5 to 10% in the 
United States12,13 to 20 to 30% in Asia and parts of sub-Saharan Africa.14,15

Pr e v en ting V ir a l Hepat i tis  a nd Minimizing Dise a se 

Patients with HIV infection, if nonimmune, should be vaccinated against both hepa-
titis A virus (HAV) and HBV because of the increased severity of hepatitis in patients 

review article
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with preexisting liver disease.16 Failure to induce 
immunity to HAV and HBV is a function of both 
missed opportunities for vaccination17,18 and the 
immunocompromised state. In HIV-infected per-
sons, antibody titers after vaccination are lower19 
and less durable than they are in those who do not 
have HIV infection, and fewer HIV-infected persons 
have protective levels of antibodies against hepa-
titis B surface antigen (HbsAg).20 The rates of re-
sponse to HAV or HBV vaccines decrease with low-
er CD4 cell counts21-23 and higher levels of HIV 
RNA.18 However, there is no general agreement 
about when immunization becomes futile. Al-
though there is no vaccine against HCV, education 
about transmission patterns and safer sex may re-
duce the incidence of acute HCV infection.9 Final-
ly, clinicians play an important role in counseling 
patients about transmission, avoidance of alcohol, 
and limitation of exposure to other hepatotoxic 
agents (e.g., acetaminophen).

HC V Infec tion

The natural history of HCV infection is accelerated 
in patients with HIV,24 with an increased rate of 
progression to cirrhosis, decompensated liver dis-
ease, hepatocellular carcinoma, and death.25,26 Im-
mune restoration with combination antiretroviral 
therapy decreases the rate of death due to liver dis-
ease.27 In addition to liver disease, HCV infection 
is associated with changes in cognitive and psy-
chiatric function,28,29 a decreased quality of life,30 
and an increased prevalence of diabetes mellitus,31 
all of which potentially affect the management of 
HIV infection. There are six HCV genotypes, which 
vary geographically; genotype 1 predominates in 
North America.32

The effect of HCV infection on the progression 
of HIV disease is less clear. There are reports of 
impaired immune reconstitution in patients with 
HIV and HCV coinfection as compared with those 
with HIV infection alone33,34; however, this effect 
appears to be modest and may delay rather than 
prevent full immune reconstitution.35 Hepatotoxic 
effects of antiretroviral therapy are more likely to 
develop in patients with underlying HCV or HBV 
infection,36 although whether these effects change 
the time to discontinuation or modification of this 
therapy is unclear.37,38 Hepatotoxic effects of anti-
retroviral therapy correlate with the underlying 
degree of fibrosis.39 Hepatotoxic effects have been 
described in more detail previously.6,36

Assessment of Liver Injury 

Given the limited response to and toxic effects of 
current therapy for HCV infection, many experts 
recommend liver biopsy in most patients to assess 
the extent of underlying liver damage, to aid in the 
choice of treatment options, and to provide impor-
tant prognostic information. In HCV infection, the 
degree of histologic injury is a better predictor of 
subsequent clinical events40 than is the degree of 
elevation of serum aminotransferase levels, the 
genotype,41 or the viral load.40,42 In one study, 29% 
of patients with HIV and HCV coinfection and per-
sistently normal alanine aminotransferase levels 
had considerable fibrosis that warranted treat-
ment.43 The biopsy may also reveal steatosis, an 
independent risk factor for fibrosis in patients with 
only HCV infection. The association of steatosis 
with nonalcoholic fatty liver disease, HCV geno-
type 3, use of alcohol, use of antiretroviral drugs, 
and the lipodystrophy syndrome is poorly under-
stood in patients with HIV infection.44,45

22p3

D
ea

th
s 

(%
)

25

30

20

15

5

10

0
AIDS Liver

Disease
Cardiovascular

Disease
Non-AIDS
Cancers

35

C
D

4 
C

el
l C

ou
nt

 (p
er

 m
m

3 )

350–499

200–349

100–199

50–99

<50

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Death from Liver Disease (no./1000 people)

>500

AUTHOR:

FIGURE:

JOB: ISSUE:

4-C
H/T

RETAKE

SIZE

ICM

CASE

EMail Line
H/T
Combo

Revised

AUTHOR, PLEASE NOTE:
Figure has been redrawn and type has been reset.

Please check carefully.

REG F

Enon

1st
2nd

3rd

Koziel

1 of 2

04-05-06

ARTIST: ts

35614

A

B

30

14

9 8
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The data are from the the Data Collection on Adverse Events of Anti-HIV 
Drugs Study, reported by Weber et al.1
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Unfortunately, there is no noninvasive test that 
accurately predicts either the degree of injury seen 
on liver biopsy or subsequent clinical events,46 al-
though elastography, a measure of liver stiffness, 
in combination with serum markers shows prom-
ise in the evaluation of fibrosis.47 Patients with 
cirrhosis should have regular monitoring for evi-
dence of decompensation and liver cancer (Table 
1), as well as for a possible referral for liver trans-
plantation.49

Treatment in Patients with HIV and HCV 
Coinfection

The current goal of therapy in HCV infection is a 
sustained virologic response, defined as an unde-
tectable level of serum HCV RNA 6 months after 
the end of therapy. Studies in patients with HCV 
monoinfection have confirmed that a sustained vi-
rologic response is generally durable50 and that ces-
sation of viral replication results in a reduction in 
liver injury and possible reversal of fibrosis.51 All 
patients with fibrosis on liver biopsy should be 
evaluated for treatment. The current standard of 
care for patients with HCV monoinfection is pe-
gylated interferon alfa plus ribavirin (Table 2). 
These agents are not specific for HCV, but they have 
complex forms of action, including both direct an-
tiviral and immunomodulatory effects. 

For the treatment of infection with HCV geno-
type 1 or 4, the dose of ribavirin is based on the 
patient’s weight (1000 mg per day if the weight 
is <75 kg and 1200 mg per day if the weight is 
>75 kg); for genotype 2 or 3 infection, ribavirin is 
given at a lower dose (800 mg per day). For HCV 
monoinfection, therapy is continued for 48 weeks 
in patients with genotype 1 or 4 and for 24 weeks 
in patients with genotype 2 or 3.52 With these 
regimens, sustained virologic responses have been 
reported in 45 to 55% of patients with genotype 
1 or 4 and 80% of those with genotype 2 or 3. 
A liver biopsy can be deferred in patients with 
genotype 2 or 3 because of the higher response 
rates, and it can be limited to those patients with-
out a response to therapy if information about 
the stage of disease is needed for prognosis and 
retreatment. Response rates are notably lower in 
blacks, patients who are obese, patients with cir-
rhosis, those with genotype 1 or 4, and those 
with high viral loads (>800,000 IU per milliliter). 
Weight-based dosing of ribavirin is particularly 
important for patients who have HCV monoinfec-
tion with genotype 1 or 4 and high viral loads.53

Several recent large trials have examined the 

response rates to pegylated interferon alfa and 
ribavirin in patients with HIV and HCV coinfec-
tion.54-57 Patients in these trials generally received 
ribavirin at a maximum dose of 800 mg per day.55 
Sustained virologic response rates among these 
patients, who were all treated for 48 weeks irre-
spective of the genotype, ranged from 14 to 44% 
for genotype 1 or 4 infection and 44 to 73% for 
genotype 2 or 3. Treatment was well tolerated. 
Patients with coinfection had similar dropout rates 
but required more treatment with growth factors 
than patients with monoinfection.55,57 A smaller 
study, using weight-based doses of ribavirin in 
patients with HIV and HCV coinfection and in 
those with HCV monoinfection, showed response 
rates of 18% and 39%, respectively, although the 
dose of ribavirin was more likely to be reduced in 
the patients with HIV and HCV coinfection.58 

Multiple variables could explain the lower re-
sponse rates among patients with HIV and HCV 
coinfection, including the lower dose of ribavirin 
or dose escalation. One study showed that among 
patients with coinfection, sustained virologic re-
sponse rates were lower in those with a high viral 
load,57 which is common in such patients. The 
early virologic response (loss of serum HCV RNA 
or a decrease by at least 2 log10 after 12 weeks of 
therapy) was validated in patients with coinfection. 
Thus, if a patient has not had an early virologic 
response, the likelihood of a sustained virologic 
response is negligible. Extending therapy in pa-
tients who do not have an early virologic response 
does not increase sustained virologic response 
rates.59 Ribavirin should not be administered with 
zidovudine, because of the risk of anemia,60 or 
with didanosine, because of the risk of mitochon-
drial toxicity,61 so antiretroviral therapy may need 
to be modified before anti-HCV therapy is admin-
istered.

Despite these advances in the management of 
HCV infection in patients with HIV infection, 
many questions remain, such as the response to 
therapy in patients with very low CD4 cell counts 
and the optimal duration of therapy for each HCV 
genotype.56 Furthermore, the effects of moderate 
alcohol use and ongoing substance abuse on sus-
tained virologic response rates are unknown.

In addition to the problem of treatment fail-
ures, many patients with HIV and HCV coinfec-
tion are not deemed to be candidates for current 
therapy because of one or more coexisting medi-
cal or psychiatric conditions.62,63 For patients in 
whom therapy has failed, clinical trials are cur-
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rently examining whether the long-term admin-
istration of interferon might prevent the progres-
sion of fibrosis even in the absence of a virologic 
cure.55 New agents with specific activity against 
HCV are being tested, although none have been 
tested in patients with HIV and HCV coinfection. 
Two major targets of drug development are the 
serine protease (nonstructural protein 3) and RNA-
dependent RNA polymerase (nonstructural pro-
tein 5B) proteins. Early phase 2 studies with one 
protease inhibitor, VX-950, showed marked early 
declines in HCV viral loads during treatment.64 
However, future studies need to define the inter-
action of these agents with antiretroviral thera-
peutic agents and with each other.65,66 Finally, the 
benefit of liver transplantation in patients with 

HIV infection is being evaluated, and patients with 
end-stage liver disease can be referred for evalu-
ation to centers with expertise in HIV infection 
and transplantation.49,67

HBV Infec tion

As with HCV infection, HBV infection in HIV-
infected patients increases the risk of cirrhosis, 
end-stage liver disease, and death from liver dis-
ease, especially in patients with a low CD4 cell 
count or concomitant alcohol use.68 As compared 
with patients who have HBV infection alone, pa-
tients with HBV and HIV coinfection have higher 
rates of chronic HBV infection and higher HBV 
DNA levels.10,14 Serum aminotransferase levels are 

Table 1. Monitoring for Liver Disease in Patients with HIV Infection.*

Patients Recommended Test or Procedure

At initial evaluation

For HCV

All patients Test for HCV antibodies

Patients with a negative test for HCV antibodies and 
CD4 cell count <200, persistently elevated 
aminotransferase levels, or suspected acute 
hepatitis

Test for HCV RNA†

For HBV

All patients Test for HBsAg, anti-HBs, and anti-HBc (total antibodies)

Patients with a positive test for HBsAg or anti-HBc Test for HBV DNA

Patients with a negative test for HBsAg and anti-HBs Vaccinate against HBV

For HAV 

All patients Test for HAV antibodies (total)‡

Patients with a negative test for HAV antibodies Vaccinate against HAV

HCV therapy

At start of therapy

All patients Measure AST, ALT, albumin, INR, and platelets

Test for HCV RNA

Assess genotype (for treatment)

Assess fibrosis stage

During therapy   

All patients Measure CBC and platelets weekly for 4 wk, then measure CBC, platelets, AST, 
ALT, and uric acid monthly

Test for TSH and ANA every 3 mo

Test for HCV RNA before treatment and at 12 wk during and 6 mo after therapy

Patients with a low hemoglobin or neutrophil level Reduce dose or give erythropoietin or G-CSF during therapy

Patients with depression before or during treatment Give antidepressants as needed

Check HCV RNA after 12 wk and discontinue therapy if <2 log10 decrease
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less useful in assessing the need for therapy, since 
they may be lower in patients with HIV and HBV 
coinfection. In immunocompetent patients with-
out HIV infection who are older than 30 years of 
age, the level of HBV DNA correlates with the de-
velopment of cirrhosis and hepatocellular carcino-
ma.69,70 However, such studies have not been per-
formed in patients with coinfection. HBV has eight 
genotypes (A through H) with wide geographic dis-
tribution. Genotypes B and C are most common 
in Asia, and genotype A, which is more respon-
sive to interferon therapy than are the other gen-
otypes,71 is most common in Europe. The role of 
HBV genotypes in the natural history of the in-
fection and in the response to therapy in patients 
with HIV coinfection is unclear. Monitoring of pa-
tients with HBV infection is critical because of the 
variable nature of the disease (Table 1).

One controversial issue has been the clinical 
relevance of an isolated positive test for anti-
bodies against hepatitis B core antigen (anti-HBc). 

In HIV-positive patients, a variable fraction of per-
sons (10 to 45%) with an isolated positive test for 
anti-HBc have detectable levels of HBV DNA, or 
so-called occult HBV infection.72-76 Such atypical 
serologic findings have led to the recommenda-
tion that all patients with HIV infection under-
go testing for HBsAg, antibodies against HBsAg 
(anti-HBs), and anti-HBc. If the tests for HBsAg, 
anti-Hbc, or both are positive, these patients 
should be tested for HBV DNA, since therapy for 
both HIV and HBV infection may be needed 
(Table 1). Patients without HBV DNA in serum 
(i.e., those who have anti-HBc alone) should be 
vaccinated against HBV and may — like HIV-
negative patients — have a primary or anamnes-
tic response.77,78

Treatment in Patients with HIV and HBV 
Coinfection

The treatment end points for HBV infection in 
HIV-infected patients are the suppression of viral 

Table 1. (Continued.)

Patients Recommended Test or Procedure

HBV therapy

At start of therapy

All patients Measure AST, ALT, albumin, INR, and platelets

Test for HBV DNA, HBeAg, and anti-HBe

During therapy

All patients Measure AST, ALT, albumin, INR, and platelets and HBV DNA every 3 mo

Consider liver biopsy

Monitor creatinine and adjust dose or change therapy if level is abnormal 

If patient is receiving nucleotide analogue, monitor phosphate level

Patients with a rise in HBV DNA or ALT level Check for compliance and resistance

Therapy for cirrhosis§

All patients Perform liver imaging and alpha-fetoprotein tests every 6–12 mo to evaluate for 
hepatocellular carcinoma

Perform upper endoscopy 

Patients with gastroesophageal varices Give beta-blockers

Patients with ascites Give prophylactic antibiotics weekly

Patients with liver decompensation Refer patient for possible liver transplantation

* AST denotes aspartate aminotransferase, ALT alanine aminotransferase, INR international normalized ratio, CBC complete blood count, 
TSH thyroid-stimulating hormone, ANA antinuclear antibodies, G-CSF granulocyte colony-stimulating factor, HBsAg hepatitis B surface an-
tigen, HBeAg hepatitis B e antigen, anti-HBs antibodies against HBsAg, anti-HBc antibodies against hepatitis B core antigen, and anti-HBe 
antibodies against HBeAg.

† A quantitative test is used to measure HCV RNA at all points in time except for 6 months after treatment, when a qualitative HCV RNA test 
should be performed.

‡ This test is for total HAV antibodies, not HAV IgM antibodies.
§ For management guidelines for cirrhosis, see Runyon.48
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replication (the absence of HBV DNA or hepati-
tis B e antigen [HBeAg] in serum) and improve-
ment in liver disease. Given the relatively low tox-
icity of many of the available therapeutic agents, 
a liver biopsy may not be needed for the assessment 
of risks and benefits in individual patients with el-
evated HBV DNA levels, although it may still offer 
important prognostic information. Immune con-
trol, as indicated by the loss of HBeAg and HBsAg 
or seroconversion to anti-HBe and anti-HBs, is rare 
in patients with HIV infection. Therefore, long-
term therapy is the rule. Treatment guidelines for 
HBV infection in patients with HIV coinfection can 
be based on standard criteria if the HIV infection 
does not require therapy (Table 3).79,80 However, 
more research is needed to define the optimal 
strategy for the management of HBV infection in 
patients with HIV infection. Options for the man-
agement of HIV and HBV coinfection include in-
terferons and nucleoside and nucleotide agents 
(Tables 2 and 3).80 Although pegylated interferon 
alfa is effective in both controlling HBV replication 
and reducing liver injury in patients with HBV 
monoinfection,81,82 it has not been tested in clin-
ical trials of patients with HIV and HBV coinfec-
tion, and it is most successful in patients with high 
alanine aminotransferase levels and low HBV viral 
loads, both of which are uncommon in HIV in-
fection.

Nucleoside and nucleotide analogues approved 
for the treatment of HBV infection in the United 
States include lamivudine, adefovir, entecavir, and 
telbivudine; tenofovir is not approved for HBV in-
fection, although it has in vitro and in vivo activ-
ity against HBV.83-85 All of these agents target the 
HBV DNA polymerase.86 The use of lamivudine 
as the sole agent with anti-HBV activity is associ-
ated with unacceptably high rates of resistance 
(approaching 20 to 25% per year and 90% after 
4 years).87 The first lamivudine-resistance muta-
tion to be described was the YMDD mutation in 
domain C (Fig. 2). A lower rate of resistance to 
adefovir dipivoxil has been reported among pa-
tients without HIV infection, but the rate increas-
es with time (18% at 4 years) among those receiv-
ing monotherapy.88 A randomized, controlled study 
comparing tenofovir and adefovir showed that 
both are safe and efficacious in decreasing HBV 
DNA levels in patients with coinfection. However, 
the majority of patients (96%) were also receiving 
lamivudine as part of antiretroviral therapy.83-85 
Resistance to entecavir occurs in patients with a 
preexisting YMDD mutation, and resistance to 

Table 2. Therapies for HBV Infection and HCV Infection in HIV-Positive 
Patients.

Agent Antiviral Efficacy and Dose

Wild-Type HBV
YMDD-Resistant 

HBV HIV

HBV infection*

Lamivudine 100 mg No efficacy 150 mg twice 
daily

Tenofovir† 300 mg 300 mg 300 mg

Tenofovir and em-
tricitabine†

300 mg and
 200 mg

300 mg and
 200 mg

300 mg and 
200 mg

Adefovir 10 mg 10 mg No efficacy

Entecavir 0.5 mg 1 mg No efficacy

Telbivudine 600 mg No efficacy No efficacy

Dose Duration

HCV infection (all genotypes)

Pegylated interferon alfa 2a 180 μg/wk 12 mo

Pegylated interferon alfa 2b 1.5 μg/kg/wk 12 mo

Ribavirin Dose based on pa-
tient’s weight 

12 mo

* Doses for HBV infection are total daily doses. 
† This agent has not been approved by the Food and Drug Administration  

for HBV therapy.

Table 3. Treatment Guidelines for HBV Infection in HIV-Negative Patients.*

HBeAg Status
HBV DNA  
(IU/ml)†

Alanine  
Aminotransferase Strategy

Positive <20,000 Normal Monitor every 6–12 mo
Consider liver biopsy; 

treat if fibrosis and 
inflammation present

Positive ≥20,000 Normal Consider liver biopsy; if 
fibrosis present, treat 
with adefovir, enteca-
vir, telbivudine, or 
pegylated interferon 

Positive ≥20,000 Elevated Treat with adefovir, ente-
cavir, telbivudine, or 
pegylated interferon 

Negative <2,000 Normal Monitor every 6–12 mo

Negative ≥2,000 Normal Consider liver biopsy; if 
fibrosis present, treat 
with adefovir, enteca-
vir, or pegylated in-
terferon 

Negative ≥2,000 Elevated Treat with adefovir, ente-
cavir, or pegylated in-
terferon 

* For the treatment of HBV infection in patients with HIV infection, combina-
tion therapy with a nucleoside and nucleotide (e.g., tenofovir and emtricita-
bine or tenofovir and lamivudine) is recommended. Data are from Keeffe et 
al.79 and Lok and McMahon.80

† 1 IU is approximately 5.6 copies.
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wild-type HBV has not yet been seen. There has 
been one report of resistance to tenofovir in a pa-
tient with HBV infection.89 In patients without HIV 
infection, telbivudine is associated with a 61% rate 
of viral suppression (undetectable HBV DNA) and 
a 5% rate of resistance after 1 year of therapy.90 
However, telbivudine shares cross-resistance with 
lamivudine and is therefore unlikely to be useful in 
patients who have received antiretroviral therapy.

The likelihood of HBV resistance to nucleoside 
analogues is inversely proportional to the degree 
of the initial suppression of HBV. For example, the 
greater the degree of suppression with a nucleo-
side or nucleotide after 12 or 24 weeks of therapy, 
the lower the incidence of resistance.90,91 Recent 
guidelines from the Department of Health and 
Human Services (DHHS) and other expert panels 
recommend that all patients who have HIV and 
HBV coinfection receive two active HBV drugs 
when HIV or both viruses require treatment,92,93 
even though there are limited data on combination 
therapy in patients with either HBV monoinfection 
or HBV and HIV coinfection. A pilot study involv-
ing 35 patients with HIV and HBV coinfection who 
received adefovir and lamivudine for 4 years has 
not shown evidence of resistance, although most 
patients had YMDD mutations at baseline.94 The 
DHHS expert panel recommended tenofovir and 
emtricitabine (or lamivudine) as the preferred 
agents, although the Food and Drug Administra-
tion has not approved tenofovir for the manage-
ment of HBV infection. 

Patients who need treatment for HBV infection 
but not HIV infection should not receive HBV 
medications that have activity against HIV. Instead, 
they should receive agents with HBV activity alone; 
these agents include entecavir, interferon, and ad-
efovir at a dose of 10 mg per day (Fig. 2 and Table 
2). Some experts caution against the use of adefo-
vir alone at a dose of 10 mg, since there is a theo-
retical risk of HIV resistance, but resistance has 
not been shown in vivo.89 Entecavir has not been 
evaluated in patients with HIV and HBV coinfec-
tion who are not receiving effective treatment for 
HIV at the same time. There is one reported case 
of resistance to HIV in a patient who was receiving 
entecavir without antiretroviral therapy.95 Lamivu-
dine-resistant HBV infection may progress more 
slowly than untreated HBV infection, and contin-
ued therapy with the addition of another nucleo-
tide is prudent in patients who already have lami-
vudine resistance.96 When changing or initiating 
antiretroviral regimens, it is important to continue 

administering agents with anti-HBV activity, since 
there is a risk of the immune reconstitution syn-
drome during recovery of CD4 cell counts; this 
syndrome may be difficult to distinguish from 
hepatotoxicity.

An important area for future research is the 
long-term efficacy of combination regimens in 
patients with HIV monoinfection and in those 
with HBV and HIV coinfection. For example, one 
recent study showed that adding tenofovir to a 
regimen in patients with lamivudine resistance 
resulted in nearly the same degree of viral suppres-
sion as an initial regimen of tenofovir and lami-
vudine in patients with wild-type HBV infection.97 
The use of HBV agents in resource-limited settings 
depends on the availability of antiretroviral ther-
apy and HBV drugs as well as the urgency as-
sociated with the treatment of life-threatening 
HIV infection and acquired immunodeficiency 
syndrome–defining complications.

F u t ur e Tr e atmen t s  
for Hepati tis

Future research will focus on small-molecule in-
hibitors, with and without pegylated interferon 
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alfa, for the treatment of HCV infection and ideal 
combination therapies for HBV infection. Monitor-
ing of patients for end-stage liver disease is a ma-
jor focus of care and may lead to new opportuni-
ties for liver transplantation in patients with HIV 
infection.
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A healthy 34-year-old female bank employee presented with black discolorations of the skin 
on all her fingers. The discolorations had developed in the evening, after work. She was unable to remove the 
spots, even with the use of various abrasives. She had no other acute symptoms. The same symptoms had devel-

oped in some of her colleagues. What is the diagnosis?
Copyright © 2007 Massachusetts Medical Society. 

Editor’s note: We invite our readers to submit their answers at www.nejm.org/mystery. We will publish the diagnosis in 
the Correspondence section of the May 31 issue and e-mail it to everyone who submits an answer. All answers must 
be received by April 18.
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A 49-year-old man came to the clinic with a 1-week history of suprapubic pain and 
fever. On examination, he had a temperature of 38.1°C but appeared well. A urinaly-
sis revealed numerous white cells, two red cells, and more than two bacteria per 
high-power field. A urinary tract infection was diagnosed, and oral gatif loxacin 
was prescribed.

Possible causes of this patient’s illness include a genitourinary process (such as a 
bladder stone, urinary tract infection, or prostatitis) or an intra-abdominal process 
(diverticulitis, appendicitis, or a localized abscess), that can result in irritation of the 
bladder. Although a bacterial urinary tract infection was diagnosed by the patient’s 
clinician, this patient may have a more unusual diagnosis, given that cystitis is un-
common in men younger than 50 years of age. Although gatifloxacin provides ad-
equate antimicrobial coverage for most bacterial urinary tract infections, it is worth 
noting that this medication is no longer available because of its associations with 
hyperglycemia and hypoglycemia.

The patient returned the following day, reporting an inability to urinate. A urinary 
catheter was placed; the urine was clear and yellow. A renal ultrasound study re-
vealed normal kidneys without ureteral dilatation. The patient’s urinary retention 
was thought to be due to opioid use for chronic low back pain. The urology service 
was consulted, and the patient was discharged home with an indwelling urinary 
catheter and a prescription for oral doxazosin. Treatment with gatifloxacin was con-
tinued, and a urology appointment was scheduled for the following week.

This patient now has urinary retention. One wonders whether he had this condition 
to a lesser degree before the onset of symptoms. If so, it may have predisposed him 
to a urinary tract infection. However, the normal appearance of his kidneys on the ul-
trasound study is inconsistent with long-standing obstruction. I wonder whether he 
has an enlarged prostate as a result of hypertrophy — which would be unusual, given 
his age — or whether an infectious process is causing both obstructive symptoms 
and pyuria.

The patient continued to have fever and suprapubic pain and returned 3 days later. 
Computed tomography (CT) of the abdomen and pelvis revealed an abscess, 3.0 by 
3.4 cm, in the right portion of the prostate gland (Fig. 1). In addition, in the normal 
location of the spleen, contrast-enhanced CT showed a 4-cm soft-tissue density that 
was thought to be a hypoplastic or accessory spleen. The liver appeared normal. The 
patient was admitted to the urology service with a diagnosis of prostatitis complicated 
by a prostatic abscess.

Building a Diagnosis from the Ground Up
Brook Watts, M.D., Pushkar Argekar, M.D., Sanjay Saint, M.D., M.P.H.,  

and Carol A. Kauffman, M.D.

In this Journal feature, information about a real patient is presented in stages (boldface type)  
to an expert clinician, who responds to the information, sharing his or her reasoning with  

the reader (regular type). The authors’ commentary follows. 
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The prostatic abscess explains the presenting 
symptoms, including the urinary retention, which 
is commonly associated with a prostatic abscess. 
A digital rectal examination, which was probably 
not performed at the first visit, would have been 
useful in suggesting a prostatic infection. The 
organisms commonly isolated from prostatic ab-
scesses are Escherichia coli and other gram-nega-
tive bacilli, including Pseudomonas aeruginosa, pro-
teus species, and Klebsiella pneumoniae; Staphylococcus 
aureus; and coagulase-negative staphylococci. Giv-
en the unexpected CT finding of either a very small 
spleen or an accessory spleen, this patient may 
have an unusual pathogen. Patients with actual 
or functional asplenia are at risk for bacteremia 
due to encapsulated organisms such as Strepto-
coccus pneumoniae and Haemophilus inf luenzae. Ex-
amination of a blood smear for the presence of 
Howell–Jolly bodies could confirm splenic hypo-
function.

The choice of antibiotic coverage must address 
this wide spectrum of possible infecting organ-
isms and the extent to which antimicrobial agents 
are delivered to the prostate. The patient is prob-
ably still febrile because the abscess has not been 
drained, but it is possible that organisms in the 
abscess are not susceptible to gatifloxacin. I would 
add vancomycin to ensure that S. aureus is covered 
and would then drain the abscess.

On admission, the patient reported new pruritic 
lesions on his arms, face, and trunk and pain in 
his right ankle. He said he had no chest pain, dys-
pnea, or vomiting. His history included hyperten-
sion, chronic low back pain, and hepatitis C in-
fection for which he had not sought treatment. 
The patient worked as a long-distance bus driver. 
His normal routes were through the midwestern 
and northeastern United States, including trips to 
New York City, where he stayed in low-cost dor-
mitories, which he described as crowded and dirty. 
He did not smoke cigarettes. He reported a history 
of alcohol and cocaine abuse but had not used 
these substances for more than a decade. He also 
reported intravenous heroin use 25 years earlier, 
with no intravenous drug use since that time. He 
was in a monogamous heterosexual relationship, 
with prior unprotected heterosexual contacts. He 
reported no homosexual activity and said he had 
had a negative test for infection with the human 
immunodeficiency virus (HIV) “years ago.”

His temperature was 37.9°C, heart rate 108, re-
spiratory rate 18, blood pressure 124/82 mm Hg, 

and oxygen saturation 96% while he was breath-
ing ambient air. The lungs were clear on ausculta-
tion. A cardiac examination revealed tachycardia; 
no murmur was present. The patient’s abdomen 
was not tender on palpation. He had multiple cu-
taneous pustules and nodules, some with central 
ulceration, on his arms, trunk, face, and legs (Fig. 
2); the lesions were slightly tender on palpation. 
An ulcerated nodule was present on his left palm. 
His right ankle had minimal swelling, no erythe-
ma, and normal range of motion. A rectal exami-
nation revealed a tender, boggy prostate. The re-
sults of the rest of his examination were normal.

What could explain multiple nodular and pustular 
skin lesions, a prostatic abscess, mild fever, and 
perhaps monoarticular joint involvement? S. aureus 
bacteremia could lead to all of these findings; how-
ever, if this patient had had staphylococcal bacte-
remia for this length of time, one would expect 
him to be sicker. Another possibility is Neisseria gon-
orrhoeae. However, the skin lesions resulting from 
infection with this organism are generally tiny and 
pustular on an erythematous base and prominent 
over extensor surfaces; in addition, this organism 
is rarely associated with a prostatic abscess.

Several environmental fungi infect the skin, 
joints, and prostate. The initial site of infection is 
almost always pulmonary, but the pulmonary in-
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Figure 1. Transaxial CT Scan of the Pelvis Obtained  
after Oral and Intravenous Administration of Contrast 
Material. 

A heterogeneously enhanced mass, 3.0 by 3.4 cm, on 
the right side of the prostate gland (arrow) is highly 
suggestive of an abscess.
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fection is often silent or brushed aside as a flu-
like illness. The appearance of skin lesions may 
be the first sign of infection noted by the patient. 
Specifically, Blastomyces dermatitidis, Coccidioides im-
mitis, and Cryptococcus neoformans all cause skin le-
sions similar to those seen in this patient, and 
prostatic involvement has been noted with all 
three. The patient’s travel history is helpful. Since 
he does not report traveling to the Southwest, coc-
cidioidomycosis is unlikely. B. dermatitidis is found 
in the Mississippi River Valley, extending up into 
the north–central states and southern mid-Cana-
da, an area frequented by this patient. The skin 
lesions are similar to those noted on this patient, 
and the genitourinary tract is the second most 
common nonpulmonary site of involvement after 
skin. The skin manifestations of cryptococcosis 
include ulcers, cellulitis, nodules, pustules, and le-
sions with the appearance of molluscum. A spe-
cific point source is rarely documented, but expo-
sure is common in urban areas such as New York 
City. The patient has probably been exposed to 
Histoplasma capsulatum during his travels in the 
midwestern United States, but the skin lesions are 

not typical and the prostate is rarely infected with 
H. capsulatum.

Although tuberculosis would be an unlikely 
cause of these findings without other, more typi-
cal manifestations, I would include it in the dif-
ferential diagnosis. The patient may have been 
exposed to Mycobacterium tuberculosis in the run-
down dormitories where he reported staying. Sec-
ondary syphilis can also have a variety of skin 
manifestations, including lesions on the palms 
and soles, but it is unlikely to account for all the 
clinical findings in this case.

The white-cell count was 19,200 per cubic milli-
meter, with 72% polymorphonuclear cells, 18% 
lymphocytes, 7% monocytes, 2% eosinophils, and 
1% basophils. The hematocrit was 36.9%, and the 
platelet count was 462,000 per cubic millimeter. 
The serum creatinine level was 0.7 mg per decili-
ter (61.9 μmol per liter), and electrolyte levels and 
liver-function tests were normal. A urine culture 
from 6 days before admission grew fewer than 
10,000 colony-forming units of normal urogeni-
tal flora. Repeat urine and blood cultures were 
sent at the time of admission. A chest radiograph 
was not obtained on admission.

The culture result helps rule out a typical urinary 
tract infection as the cause of the patient’s present-
ing symptoms. Leukocytosis always raises the pos-
sibility of a bacterial infection, but it does not rule 
out an acute fungal infection. A chest radiograph 
is warranted to determine whether the dissemi-
nated infection in this patient has a primary pul-
monary source, although the absence of an iden-
tifiable infiltrate on a chest radiograph would not 
rule out pulmonary disease. Biopsy of one of the 
cutaneous lesions may be diagnostic.

Vancomycin, gentamicin, and piperacillin–tazo-
bactam were administered; there was no clinical 
improvement, and he was subsequently switched 
to oral ciprofloxacin. Arthrocentesis of the pa-
tient’s right ankle revealed a white-cell count of 
700 per cubic millimeter. No organisms were seen 
on Gram’s staining. Transurethral drainage of the 
prostatic abscess was performed. The intraopera-
tive course was unremarkable. Gram’s staining 
of abscess fluid revealed many white cells, but no 
organisms were seen; bacterial cultures yielded a 
few colonies of coagulase-negative staphylococ-
ci. Postoperatively, the patient’s white-cell count 

Figure 2. Ulcerated and Intact Nodules on the Right 
Forearm.
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increased to 27,000 per cubic millimeter, and he 
had persistent fever, with a peak temperature of 
38.8°C. Treatment with vancomycin was restart-
ed. The patient refused HIV testing.

The culture results are not helpful, since coagulase-
negative staphylococci are likely contaminants and 
do not explain the clinical findings. The purulent 
material from the prostatic abscess may not have 
yielded a pathogen because it was obtained after 
antibiotic therapy had been initiated or because the 
material was plated on mediums that are likely 
to grow bacterial pathogens. It is unfortunate 
that fungal stains and cultures were apparently 
not requested. The findings in the aspirate from 
the ankle are not consistent with septic arthritis, 
but osteomyelitis of the tibia or fibula adjacent 
to the ankle joint could be causing the patient’s 
ankle pain.

Is there one diagnosis that could explain 
these findings? I come back to fungal infections 
because they have not been ruled out. Blastomy-
cosis remains the primary concern for two rea-
sons: B. dermatitidis will not grow on standard 
mediums, and of the possible diagnoses, it is most 
likely to account for all the symptoms and signs 
noted. Given the risk factors for HIV infection, 
cryptococcus may be the causative organism, but 
it grows readily on blood agar, which is used rou-
tinely to culture bacteria. As noted, histoplasmo-
sis is not usually manifested as the constellation 
of findings seen in this patient.

The patient was transferred to the medical ser-
vice. He had a temperature of 40.0°C, a heart rate 
of 120 per minute, and an oxygen saturation of 
88% while breathing ambient air. Lung examina-
tion revealed dry rales bilaterally. A chest radio-
graph showed a diffuse reticulonodular pattern 
(Fig. 3A). Chest CT showed diffuse reticulonodu-
lar infiltrates (Fig. 3B), with dominance of the 
pattern in the upper lobes, a 2.7 cm lesion in the 
right lower lobe, and mediastinal lymphadenop-
athy. A dermatology consultant performed a tis-
sue biopsy of a representative skin lesion and re-
quested bacterial and fungal stains and cultures 
of the specimen.

Given these findings, is blastomycosis still a ten-
able diagnosis? I still consider it the most likely 
diagnosis, but I am not as confident as I was ear-
lier. Diffuse reticulonodular infiltrates have been 

described in patients with blastomycosis, but they 
are not typical. Cryptococcosis can be manifested 
as diffuse reticulonodular infiltrates, but it appears 
mostly in patients with the acquired immunode-
ficiency syndrome. The findings on chest radiog-
raphy and CT are most typical of those seen with 
histoplasmosis; in addition, several types of skin 
lesions have been noted in association with dis-
seminated histoplasmosis. Prostatic involvement 
is unusual with histoplasmosis, but it may occur. 
The results of the skin biopsy are crucial to deter-
mine the cause of this patient’s illness.

Over the next 24 hours, the patient’s oxygen re-
quirement increased, with a nasal flow of 4 liters 
per minute required to maintain an oxygen satu-
ration greater than 90%. He remained febrile, and 
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Figure 3. Chest Radiograph and Transaxial CT Scan of 
the Lungs Obtained after Intravenous Administration 
of Contrast Material.

The chest radiograph (Panel A) and the CT scan (Panel 
B) show diffuse reticulonodular infiltrates throughout 
both lungs.
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his white-cell count increased to 31,400 per cubic 
millimeter, with 75% polymorphonuclear cells. 
The patient agreed to HIV testing, which was neg-
ative. The following day, he was transferred to 
the intensive care unit because of worsening hy-
poxemia. Antibiotic therapy was continued, and 
empirical therapy with amphotericin B was initi-
ated. Within 12 hours after the transfer, the pa-
tient required intubation and ventilatory support 
to maintain adequate oxygenation. The results of 
physical examination remained unchanged.

Given this turn of events, the addition of ampho-
tericin B is appropriate. Acute progression of pul-
monary disease and development of the acute re-
spiratory distress syndrome (ARDS) can occur with 
blastomycosis as well as several other endemic my-
coses. Most patients who have ARDS in the course 
of blastomycosis are not immunocompromised, 
and many, like this patient, were healthy before 
the onset of infection. The possibility of a super-
imposed bacterial nosocomial infection should 
also be considered, and cultures of blood and urine 
should be obtained again. However, all of the pa-
tient’s findings can be explained by progression 
of disseminated blastomycosis.

Two days after the patient’s transfer to the inten-
sive care unit, the skin-biopsy specimens were 
found to contain suppurative granulomas that 
contained yeast forms with broad-based budding, 
which is consistent with the presence of B. derma-
titidis (Fig. 4). Repeat bacterial cultures of urine 

and blood were negative. ARDS developed, and 
the patient required neuromuscular paralysis be-
cause of very high peak airway pressures. He was 
treated with activated protein C for multisystem 
organ failure and severe septic shock. The patient 
remained hypoxemic, and he died on hospital day 
18, after cardiac arrest with pulseless electrical 
activity, which was thought to be due to the pro-
found hypoxemia.

An autopsy confirmed the diagnosis of blasto-
mycosis; B. dermatitidis was grown from one of 
the skin lesions and was identified in the prostate. 
No evidence of another infectious process was 
found.

Commen ta r y

B. dermatitidis is a dimorphic fungus that is endemic 
in large areas of North America, including the 
southeastern and south–central states, midwestern 
states, and midwestern Canadian provinces (Fig. 
5).1 Its primary natural habitat is thought to be 
moist soil in wooded areas, particularly areas that 
are rich with decaying vegetation, close to water, 
or characterized by high humidity.2

Human infection most commonly results from 
inhalation of the conidia of B. dermatitidis. Acute 
pulmonary infection is often asymptomatic, or it 
may be misdiagnosed as a viral syndrome because 
of the nonspecific symptoms of fever, myalgias, 
and cough. Air-space infiltrates are the most com-
mon finding on chest radiographic studies.3

Most cases of blastomycosis are diagnosed after 
manifestations of chronic infection have appeared. 
The skin is the most common site of extrapulmo-
nary disease, and skin lesions can include papulo-
pustular, ulcerative, and subcutaneous nodules. 
Purulent drainage frequently yields visible yeast 
forms on microscopical examination.1 Bone and 
joint infection and genitourinary tract involvement 
with B. dermatitidis are also common. Genitouri-
nary disease occurs in 20 to 30% of men with 
B. dermatitidis infection and primarily involves the 
prostate and epididymis.4 It is well established that 
fulminant respiratory failure can occur in previ-
ously healthy patients, and when it does occur, 
the mortality rate is more than 50%.5 Although the 
pathogenesis of severe pulmonary disease is un-
known, some cases have been attributed to inha-
lation of massive numbers of conidia, which over-
whelm the host response. In the case of patients, 
like ours, who present initially with extrapulmo-
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Figure 4. Specimen from a Skin Biopsy Indicating  
the Presence of B. dermatitidis.

The broad-based budding yeast (arrow) is consistent 
with the presence of B. dermatitidis (periodic acid–
Schiff stain).
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nary manifestations of disseminated blastomyco-
sis, the host inflammatory response to B. derma-
titidis may underlie the development of ARDS.

As compared with other endemic mycoses, 
B. dermatitidis is uncommonly reported as an op-
portunistic pathogen. The clinical course tends to 
be more aggressive in immunocompromised hosts 
than in those who are not immunocompromised, 
and most deaths occur during the first few weeks 
of the disease.6 Hyposplenism is not a known risk 
factor for blastomycosis.

Diagnosis of blastomycosis can be made by 
microscopical examination of exudates, sputum, 
or tissue; growth of the organism in culture pro-
vides a definitive diagnosis.7 Assays for antibod-
ies to B. dermatitidis are not helpful, given the pos-
sibility of both false negative and false positive 
results, as well as cross-reactions with other fungi, 
especially H. capsulatum. A urinary enzyme immu-
noassay for B. dermatitidis antigen has recently been 
approved, but its diagnostic role remains uncer-
tain.8 For patients with mild to moderate infection, 
treatment with itraconazole should be initiated. 

Amphotericin B should be used in immunocom-
promised patients and those with life-threatening 
disease or central nervous system involvment.9

Our discussant considered the diagnosis of 
blastomycosis relatively early. Initial clues were the 
involvement of the genitourinary tract and skin, 
coupled with the patient’s travel through areas in 
which B. dermatitidis is endemic. Additional clues 
included the monoarticular joint involvement and 
unrevealing bacterial cultures. The extent of pul-
monary disease led the discussant to reconsider 
other pathogens, but blastomycosis remained high 
on her list of possible diagnoses. Ultimately, the 
correct diagnosis was reached by building from 
the ground up, one clue at a time.
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Figure 5. Areas of the United States and Canada in Which Blastomycosis Is Endemic.
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Breast Imaging and Computer-Aided Detection
Ferris M. Hall, M.D.

Breast imaging is the newest, and according to 
most criteria the weakest, of all radiology subspe-
cialties. Screening mammography in particular 
often loses money and is subsidized by other sec-
tions of the radiology department and occasionally, 
as in my own case, by direct hospital payments to 
breast imagers. Screening mammography is also 
the most common basis for lawsuits in radiology, 
which is not surprising, since 25 to 50% of cases 
of breast cancer are identified retrospectively on 
the previous annual screening mammogram. As 
the only quasi–public health endeavor in radiology, 
screening mammography is heavily regulated, with 
many unfunded mandates. Screening mammog-
raphy, a particularly stressful task for radiologists, 
is associated with a relatively high rate of burn-
out. For all these reasons, residents have avoided 
this field for decades, leaving a shortfall of fellow-
ship-trained mammographers, many of whom are 
older and overworked. The problem of workload 
has recently been exacerbated, since the preferred 
method of diagnosis for most breast lesions is now 
imaging-guided core needle biopsy rather than 
surgery. The low status of breast-imaging experts 
is ironic, since screening mammography has been 
a major public health advance, with an estimated 
cost of only $20,000 per quality life-year saved in 
the United States.

Mammographers have welcomed two computer-
based advances during the past decade: digital 
mammography and computer-aided detection. A 
recent study1 reported that the use of digital mam-
mography improved the accuracy of examination 
in younger women and in those with dense breasts. 
Early reports on the use of computer-aided detec-
tion showed a 10 to 15% increase in the number 
of diagnosed cases of breast cancer, with an es-
timated added cost of only $5,000 per life-year 

saved. These results are similar to those obtained 
when a second radiologist “double-reads” the 
mammogram. This is the practice in Britain and 
several other European countries, but it is difficult 
to implement in the United States owing to per-
sonnel shortages.

The article concerning computer-aided detec-
tion by Fenton et al.2 in this issue of the Journal 
will surprise and disappoint most mammogra-
phers. It is the most comprehensive analysis of 
computer-aided detection in breast screening to 
date. The study involved more than 429,000 mam-
mograms and 2351 cases of cancer that were de-
tected at 43 facilities of the Breast Cancer Surveil-
lance Consortium. During 4 years of observation, 
7 of the 43 facilities implemented computer-aided 
detection, allowing for a comparison of the per-
formance at these facilities and their individual 
radiologists before and after the use of computer-
aided detection. The facilities that did not imple-
ment computer-aided detection served as controls. 
Fenton et al. found that the use of computer-
aided detection not only failed to increase the 
cancer-detection rate significantly but also was 
harmful because of the increased number of 
false positive mammograms, resulting in signifi-
cantly more call-backs and biopsies. These down-
stream costs, which may also include payments to 
surgeons and pathologists, account for perhaps 
one third of the total cost of breast-screening 
programs.

One possible flaw in the study by Fenton et al. 
was the failure to assess the time it takes to ad-
just to computer-aided detection. Mammographers 
initially exposed to computer-aided detection may 
be unduly influenced by the three to four marks 
the software places on each mammogram, with 
the necessity to ignore the 1000 to 2000 false pos-
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itive marks for every true positive mark. The ad-
justment to computer-aided detection has been 
estimated to take weeks to years.

Clustered microcalcifications are the imaging 
hallmark of ductal carcinoma in situ. Before mam-
mography was introduced, this was a rare and 
usually incidental diagnosis that now accounts 
for 25% of the breast cancers diagnosed in the 
United States. The relationship of ductal carcino-
ma in situ to invasive breast cancer remains un-
clear: all invasive breast cancers probably arise 
from an in situ monoclonal cancer, but many of 
these lesions may never progress to invasive can-
cer during a woman’s lifetime. Because computer-
aided detection is relatively more sensitive in 
detecting microcalcifications than in detecting 
masses, it is not surprising that Fenton et al. 
found that its use was disproportionately associ-
ated with the detection of ductal carcinoma in 
situ. It has been estimated that only 10% of the 
decrease in mortality linked to screening mam-
mography relates to the diagnosis of ductal carci-
noma in situ. Hence, the disproportionate detec-
tion of microcalcification and ductal carcinoma 
in situ by computer-aided detection may not sub-
stantially lower mortality from breast cancer.

Computer-aided detection and digital mam-
mography complement each other because both 
entail a digitized image. Unfortunately, traditional 
analogue film-based images must be individu-
ally digitized before they can be interpreted with 
the use of computer-aided detection. The start-up 
costs, $50,000 to $175,000 for computer-aided de-
tection and $500,000 for digital mammography 
(vs. $125,000 to $150,000 for a conventional an-
alogue unit), are affordable only in relatively high-
volume practices. Sales of digital-mammography 
units (40% of all units sold in the United States 
in 2003) and computer-aided detection software 
have been robust in large screening centers, in 
part because of financial incentives: the Medicare 
payment per mammogram is increased by approx-
imately $20 for computer-aided detection and $50 
for digital mammography. It is noteworthy that 
reimbursement for computer-aided detection, like 
that for screening mammography many years ear-
lier, was mandated by a heavily lobbied Congress, 
despite little evidence-based data in support of its 
value at the time.

There is general recognition that computer-aid-
ed detection is less useful for experienced mam-
mographers than for inexperienced ones. In many 

high-volume settings, computer-aided detection is 
introduced primarily as a public-relations tool and 
because of the increased reimbursement, with re-
covery of initial costs in about 3 years. Computer-
aided detection is less popular in Europe, partly 
for economic reasons and partly because most 
examinations are interpreted in high-volume set-
tings by more experienced mammographers. Brit-
ain, for example, requires screening mammogra-
phers, not all of whom are physicians, to read 
5000 examinations per year; in the United States, 
the requirement is only 480 per year. 

A potential advantage of digital mammography 
is the possibility of teleradiology, which permits 
the digitized images to be interpreted remotely by 
more experienced mammographers in large spe-
cialized facilities. This relieves general radiolo-
gists, often in small rural practices, of the task of 
interpretation, which virtually always loses mon-
ey in low-volume settings. Unfortunately, in the 
United States, mammographers in low-volume 
practices, who could potentially benefit the most 
from computer-aided detection — and the tele-
radiology that digital mammography offers — are 
least able to afford it. 

There are legal implications of the use of com-
puter-aided detection in breast imaging. Both 
plaintiff and defense lawyers have applied com-
puter-aided detection to mammograms, a practice 
that could become routine. However, the findings 
of computer-aided detection are not entirely re-
producible, and sensitivity thresholds differ for 
calcifications and masses, among various brands 
of the software, and with each new version of a 
given brand of software.

Will the results of Fenton et al. end the use of 
computer-aided detection in screening mammog-
raphy? Of course not, but they constitute a sub-
stantial hit to this technology. As is the habit of 
editorialists, I recommend the conduct of larger, 
controlled studies of computer-aided detection 
that assess not only cancer diagnosis but also the 
gold standard: mortality. But such studies will be 
expensive, controversial, indeterminate, or quick-
ly passé owing to the emergence of new technol-
ogy. It took two to three decades of controversy 
before it was proved that screening mammogra-
phy saves lives.

What is the future of breast imaging? I find it 
hard to believe that we will continue to use mam-
mography to screen up to one quarter of the adult 
population of the world annually. Mammography 
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is an inherently poor, two-dimensional projection-
al method being used to diagnose small, three-
dimensional cancers. It is least effective in the 
screening of dense breasts, which, as emphasized 
in another recent study,3 are a substantial risk fac-
tor for breast cancer. If genetic and other tests 
can eventually identify women who are at risk for 
breast cancer, these women could be selectively 
screened with methods that have higher sensitivity 
than routine mammography. Which brings us to 
magnetic resonance imaging (MRI) of the breast. 

MRI of the breast does not involve exposure to 
radiation and has a very high sensitivity, albeit a 
low specificity. Many studies have confirmed that 
screening MRI performed in high-risk women di-
agnoses 4 to 5 occult cancers (those not identified 
by mammography or palpation) per 100 exami-
nations, whereas routine screening mammography 
diagnoses 4 to 5 cancers per 1000 examinations. 
The morphologic characteristics and kinetics after 
contrast enhancement in MRI involve hundreds 

of images and data sets, making computer-aided 
detection indispensable for expeditious assess-
ment. The major problems with MRI of the breast 
and related magnetic resonance spectroscopy are 
cost and interpretive expertise. These same prob-
lems were involved with the acceptance of mam-
mography as a screening method three decades 
ago. Here we go again.
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Natural Killer T Cells in Asthma —  
Toward Increased Understanding 

Ling-Pei Ho, M.D., Ph.D.

This issue of the Journal contains the second re-
port within about a year on the presence of natu-
ral killer T cells in the lungs of patients with asth-
ma. The two reports represent an intersection of 
two complex entities — asthma, because its patho-
genesis is genetically and environmentally hetero-
geneous, and natural killer T cells, because their 
functions and mechanisms of action remain un-
clear. Natural killer T cells make up a unique 
family of cells with immunoregulatory properties. 
They express an invariant T-cell receptor that rec-
ognizes glycolipids rather than peptides. Natural 
killer T cells are known to modulate the activity 
of disease-causing T cells in animal models of 
type 1 diabetes mellitus and multiple sclerosis1 
and can control the expansion of antigen-specific 
T cells.2 Their role in asthma is not known.

During the past few years, investigators study-
ing natural killer T cells in mouse models of al-
lergic airway inflammation — a surrogate for 
asthma — concluded that these cells may be im-
portant in the biology of the murine response3,4 

and have begun to question whether the cells 
might have a role in the pathogenesis of asthma 
in humans. Data from the first study in humans, 
were dramatic: Akbari and colleagues5 reported 
that about 60% of the CD4+ T cells in bronchoal-
veolar-lavage fluid obtained from 14 patients with 
moderate-to-severe persistent asthma met the cri-
teria for natural killer T cells that also expressed 
the CD4 molecule. Natural killer T cells usually 
make up only 0.5 to 1% of peripheral-blood mono-
nuclear cells, although they compensate for this 
by being able to produce far more of the cytokines 
interleukin-4 and interferon-γ than do convention-
al CD4+ and CD8+ T cells. Natural killer T cells 
act quickly, releasing cytokines within half an hour 
after activation by high-avidity antigens such as 
the synthetic glycolipid α-galactosylceramide. Ac-
tivated natural killer T cells have potent and far-
reaching effects on other immune cells; they 
trigger a cascade of chemokine and cytokine re-
lease, enhance natural killer cell function, and 
promote the maturation of dendritic cells and 
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the production of polyclonal antibodies.1 In the 
studies, these effects were achieved by small num-
bers of natural killer T cells. The findings of 
Akbari and colleagues were therefore particularly 
remarkable, and other investigators concluded that 
confirmatory studies were needed.

In this issue of the Journal, Vijayanand and 
colleagues,6 using stringent electronic gating on 
cells of interest, controls, and blockade of non-
specific staining during flow cytometry, show that 
the numbers of natural killer T cells were not 
increased in samples of bronchoalveolar-lavage 
fluid obtained from patients with asthma, as com-
pared with samples obtained from healthy vol-
unteers or patients with chronic obstructive pul-
monary disease. In their study, Fcγ receptors, 
commonly responsible for nonspecific interaction 
with monoclonal antibodies, which are used to 
detect cells of interest in flow cytometry, were 
blocked by polyclonal human IgG before the ad-
dition of monoclonal antibodies. 

Optimal Fc-receptor blockade is vital in a “clut-
tered” medium such as bronchoalveolar-lavage 
fluid. Macrophages and monocytes, which are 
present in abundant levels in bronchoalveolar-
lavage fluid, are frequently cellular sources of false 
positive staining on flow cytometry. In addition 
to expressing high levels of Fc receptors, mono-
cytes and a small subgroup of macrophages are 
also similar in size to lymphocytes. Therefore, 
monocytes and macrophages may be inadvertent-
ly included in the initial gating for identification 
of mononuclear cells, which is based on the size 
and granularity of the cells. To confound matters 
further, macrophages can also phagocytose mono-
clonal antibodies nonspecifically and appear to 
be falsely stained cells. Another major source of 
a false positive signal in bronchoalveolar-lavage 
fluid is the population of dead or dying cells that 
nonspecifically pick up the staining monoclonal 
antibodies. In the study by Vijayanand and col-
leagues (in contrast to the study by Akbari and 
colleagues), this population was carefully exclud-
ed on the basis of morphologic features of the 
cells and staining with a DNA-binding reagent 
(propidium iodide).

This leaves the question of how Akbari and col-
leagues might have found such striking results in 
their patients. From the perspective of natural kill-
er T-cell immunobiology, it is feasible that there 
could be a window during which time natural kill-
er T cells are present in large numbers, and then 

either migrate or die. Natural killer T cells are 
highly activated cells. They are the only known 
immune cells that express the early activation 
marker CD69 continuously, without requiring 
exogenous stimulation. Such continuous expres-
sion is thought to be due to persistent activation 
by a self-ligand, keeping the natural killer T cells 
poised to release cytokines or kill target cells at 
any time.1,2 It is therefore conceivable that there 
might be a short period during which natural kill-
er T cells are activated and rapidly expand in num-
bers. They could then disappear from detection 
because of down-regulation of their T-cell recep-
tors, by which they are identified, and progress 
within a few days to activation-induced cell death. 
Thus, natural killer T cells could appear to be 
low in number or absent, even though they have 
been recently present and active. This phenom-
enon has been clearly shown in studies in mice 
in which natural killer T cells appeared to be lost 
to detection on flow cytometry immediately after 
their activation, but gene expression of specific in-
variant natural killer T-cell–receptor segments was 
present.7 It would be very fortuitous, however, for 
Akbari and colleagues to have sampled all the pa-
tients with asthma in their study cohort during 
this potential window of expansion of natural kill-
er T cells before the cells’ disappearance.

In studies in animals, the balance of evidence 
suggests that natural killer T cells have a signifi-
cant role in the pathogenesis of asthma. Airway 
hyperresponsiveness did not develop in CD1d 
knockout mice, which lack natural killer T cells, 
or in mice treated with CD1d-blocking monoclo-
nal antibody when challenged.3,4 Natural killer 
T cells augment eosinophil levels in the airway 
after allergen challenge but probably are not cru-
cial for the development of eosinophilic infiltra-
tion or for the production of interleukin-4 and in-
terleukin-5 in the airways.8,9 One major question 
now is whether activation of natural killer T cells 
might be a factor in the progression from early, 
allergen-induced cellular infiltration to airway hy-
perresponsiveness.

In summary, whether or not natural killer  
T cells expand in numbers to the extent reported 
by Akbari and colleagues, studies in animals sug-
gest that these cells are likely to have a role in the 
pathogenesis of asthma. Longitudinal studies in-
volving bronchoalveolar-lavage cells from patients 
with asthma using Fc-receptor blocking and meth-
ods to exclude dead cells during flow-cytometric 
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analysis, in conjunction with detection of messen-
ger RNA for the genes of the invariant T-cell–
receptor family, might address some of the ques-
tions raised by these two studies. Further work 
on the precise role of this potent group of immu-
noregulatory cells in airway inflammation is over-
due, and it seems clear that we still have some 
way to go to fully understand how immune cells 
are regulated in the lungs and how defects in im-
munoregulation might lead to airway inflamma-
tion and manifest in clinical disorders such as 
asthma.
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Diagnosis of Ventilator-Associated Pneumonia

To the Editor: Heyland and colleagues, on be-
half of the Canadian Critical Care Trials Group 
(Dec. 21 issue),1 report on the comparison between 
bronchoalveolar lavage and endotracheal aspira-
tion for the diagnosis of ventilator-associated pneu-
monia. The two techniques were associated with 
similar clinical outcomes and similar overall an-
tibiotic use. However, 105 (28.8%) of the 365 pa-
tients in the bronchoalveolar-lavage group had 
received new antibiotics within 3 days before ran-
domization, probably after the onset of the first 
symptoms related to ventilator-associated pneu-
monia. Since these patients were different from 
the rest of the patients,2,3 we wonder how decisions 
concerning their antimicrobial treatment were 
made. Furthermore, we would like to emphasize 
that on day 6, the rate of targeted therapy was only 
74.2% in the bronchoalveolar-lavage group; thus, 
many patients in this group did not undergo early 
treatment de-escalation, even though it was indi-
cated on the basis of the microbiologic results. 
More information on the application of decision 
algorithms in the bronchoalveolar-lavage group 
and the endotracheal-aspiration group after cul-
ture results were available (as early as day 3) would 
be informative. Obviously, the potential benefit of 
using a diagnostic tool, such as bronchoalveolar 
lavage, to restrict unnecessary use of antibiotics 
safely in this setting can be achieved only when 
decisions regarding antimicrobial therapy reflect 
the culture results.4

Jean Chastre, M.D.
Groupe Hospitalier Pitié–Salpêtrière 
75651 Paris, France 
jean.chastre@psl.aphp.fr

Jean-Yves Fagon, M.D.
Hôpital Européen Georges Pompidou 
75908 Paris, France

The Canadian Critical Care Trials Group. A randomized trial 
of diagnostic techniques for ventilator-associated pneumonia.  
N Engl J Med 2006;355:2619-30.

Chastre J, Fagon JY. Ventilator-associated pneumonia. Am J 
Respir Crit Care Med 2002;165:867-903.

Souweine B, Veber B, Bedos JP, et al. Diagnostic accuracy of 
protected specimen brush and bronchoalveolar lavage in noso-
comial pneumonia: impact of previous antimicrobial treatments. 
Crit Care Med 1998;26:236-44.

Fagon JY, Chastre J, Wolff M, et al. Invasive and noninvasive 
strategies for management of suspected ventilator-associated pneu-
monia: a randomized trial. Ann Intern Med 2000;132:621-30.

To the Editor: The Canadian Critical Care Tri-
als Group compared quantitative culture of bron-
choalveolar-lavage fluid with nonquantitative cul-
ture of endotracheal aspirate for the diagnosis of 
ventilator-associated pneumonia. The diagnostic 
confirmation was considered to be acceptable if 
the pretest probability of ventilator-associated 
pneumonia was high, even if the culture of bron-
choalveolar-lavage fluid had a level of less than 104 
colony-forming units per milliliter, the level used 
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as a nonquantitative test. This approach contrib-
uted to the finding of a higher proportion of con-
firmed cases of ventilator-associated pneumonia 
in the bronchoalveolar-lavage group than in the en-
dotracheal-aspiration group (86.3% and 82.9%, re-
spectively). The pretest opinion obviously played 
an important role and contributed to the clinicians’ 
providing antibiotic treatment for all the bacteria 
identified, including bacteria detected in nonsig-
nificant quantities.
Benoît Misset, M.D. 
Maïté Garrouste-Orgeas, M.D. 
Jean Carlet, M.D. 
Groupe Hospitalier Paris Saint-Joseph 
75014 Paris, France

To the Editor: The exclusion of patients known 
to be colonized with methicillin-resistant Staphy-
lococcus aureus or pseudomonas species severely lim-
its the usefulness of the data reported by the Ca-
nadian Critical Care Trials Group, since these are 
the pathogens most commonly reported to cause 
ventilator-associated pneumonia. It is disappoint-
ing that the study investigators did not follow 
current guidelines for ventilator-associated pneu-
monia, according to which empirical treatment 
is based on the risk of infection with multidrug-
resistant pathogens.1 Patients at risk for infection 
with such pathogens are most likely to benefit 
from the bronchoalveolar lavage.2,3 If all patients 
with suspected ventilator-associated pneumonia 
are treated with broad-spectrum antibiotics, differ-
ence between the groups will of course be mini-
mal, regardless of the diagnostic technique. We 
hope that readers will not embrace treatment with 
meropenem with or without ciprofloxacin for all 
patients with suspected ventilator-associated pneu-
monia.
Paul E. Marik, M.D. 
Michael Baram, M.D.
Thomas Jefferson University 
Philadelphia, PA 19107  
paul.marik@jefferson.edu

Guidelines for the management of adults with hospital-
acquired, ventilator-associated, and healthcare-associated pneu-
monia. Am J Respir Crit Care Med 2005;171:388-416.
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The authors reply: In response to Chastre and 
Fagon: patients partially treated for ventilator-
associated pneumonia were excluded from the 
study. However, excluding patients with recent 
changes in antibiotics would have seriously lim-
ited the generalizability of our findings. We con-
ducted a subgroup analysis based on the presence 
or absence of prior antibiotic exposure but did 
not observe any suggestion of a benefit from bron-
choscopy in the patients with prior exposure.

An antibiotic-management algorithm delineat-
ing de-escalation therapy was provided to all cli-
nicians. In both study groups, the median duration 
of study antibiotic use was 3 days (interquartile 
range, 2 to 5), indicating that the algorithm was 
applied early after enrollment. Since for some in-
tensive care units, there were delays in reporting 
culture results, we allowed up to 5 days after ran-
domization before determining whether the tar-
geted therapy had been administered. On day 6, the 
rates of targeted therapy were similar in the bron-
choalveolar-lavage group and the endotracheal-
aspiration group. Recalculating rates of targeted 
therapy on the basis of the first 3 days showed no 
significant difference between bronchoalveolar la-
vage with quantitative cultures (45.2%) and en-
dotracheal aspiration (51.1%) (P = 0.10).

We agree with Misset et al. that pretest prob-
ability estimates of ventilator-associated pneumo-
nia influence management decisions, since culture 
results are not a reference standard for infection 
and are influenced by prior antibiotic use. In this 
trial, as in practice, many clinicians interpreted 
the quantitative results of the analysis of bron-
choalveolar-lavage fluid conservatively; for patients 
with a high pretest probability of ventilator-asso-
ciated pneumonia, a pathogen yielding less than 
104 colony-forming units per milliliter was still 
treated. But clinicians did not provide antibiotic 
treatment for all bacteria identified in this trial. 
Among the patients in the two study groups who 
had positive cultures, all antibiotics were discon-
tinued by day 6 in 8.7% of the patients in the 
bronchoalveolar-lavage group and 11.3% of those 
in the endotracheal-aspiration group, and the 
study antibiotics were discontinued by day 6 in 
56.9 and 56.2%, respectively.

Marik and Baram refer to our exclusion of pa-
tients known to be colonized or infected with 
methicillin-resistant S. aureus or pseudomonas spe-
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cies. Nonstandardized empirical antibiotic ther-
apy has confounded the interpretation of findings 
in some previous trials of the diagnosis of ventila-
tor-associated pneumonia. Therefore, the initial 
antibiotic therapy in our trial, consisting of me-
ropenem with or without ciprofloxacin, served to 
standardize empirical treatment until culture re-
sults became available. Patients with known 
pathogens not susceptible to these drugs were 
excluded; thus, differences observed in outcomes 
could be better attributed to the diagnostic strat-
egy. It is important not to interpret the use of 
these antibiotics as clinical recommendations for 
the treatment of ventilator-associated pneumonia. 
The treatment guidelines of the American Tho-

racic Society were published after our trial had 
been completed.1

Daren Heyland, M.D.
Queen’s University 
Kingston, ON K7L 2V7, Canada 
dkh2@post.queensu.ca

Deborah Cook, M.D.
McMaster University 
Hamilton, ON L8N 3Z5, Canada

John Muscedere, M.D.
Queen’s University 
Kingston, ON K7L 2V7, Canada 

for the Canadian Critical Care Trials Group

Guidelines for the management of adults with hospital-
acquired, ventilator-associated, and healthcare-associated pneu-
monia. Am J Respir Crit Care Med 2005;171:388-416.
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Lapatinib plus Capecitabine in Breast Cancer

To the Editor: In the trial reported by Geyer et 
al. (Dec. 28 issue),1 which compared capecita-
bine alone with a combination of lapatinib and 
capecitabine in women with HER2-positive ad-
vanced breast cancer, approximately 60% of pa-
tients had received trastuzumab within the pre-
vious 8 weeks. It is possible that the activity of 
lapatinib was enhanced by the persistence of trastu-
zumab levels in blood. Earlier studies of the phar-
macokinetics of trastuzumab administered weekly 
or every 3 weeks indicate that the drug’s half-life 
is 3 to 4 weeks, although this may be an under-
estimate. Therefore, synergism between lapatinib 
and trastuzumab, leading to a more complete 
blockade of the HER2 pathway, cannot be ex-
cluded and may partly account for the impres-
sive improvement in outcomes with the combined 
regimen.

Guru Sonpavde, M.D.
U.S. Oncology Research 
Houston, TX 77598  
guru.sonpavde@usoncology.com

Geyer CE, Forster J, Lindquist D, et al. Lapatinib plus capecitabi-
ne for HER2-positive advanced breast cancer. N Engl J Med 2006; 
355:2733-43.

The authors reply: We agree that many of the 
patients entering our trial probably had persistent 
levels of trastuzumab, which could have enhanced 
the activity of lapatinib. An exploratory analysis to 
determine whether the interval from the last dose 
of trastuzumab to randomization affected the ac-
tivity of lapatinib was planned as a component of 
a subsequent updated analysis of the overall trial 
data. However, to provide a response to Sonpavde’s 
question, we proceeded with an analysis of data 

1.

Table 1. Effect of the Interval between the Administration of Trastuzumab and Randomization on Time to Disease  
Progression.*

Interval between Last 
Trastuzumab Dose  
and Randomization Lapatinib plus Capecitabine Capecitabine Alone

Hazard Ratio  
(95% CI) P Value

No.  
of Patients

Median Time  
to Progression 

No.  
of Patients

Median Time  
to Progression

wk wk

≤8 Wk 98 36.7 94 19.7 0.54 (0.34–0.86) 0.007

>8 Wk 59 39.3 60 14.6 0.48 (0.26–0.88) 0.01

* P values were calculated by the log-rank test. CI denotes confidence interval.
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from the 311 women who had received previous 
trastuzumab therapy and for whom the date of 
administration of the last dose had been reported 
(Table 1). These results suggest that the contribu-
tion of residual trastuzumab to the activity of lapa-
tinib was minimal.
Charles E. Geyer, M.D.
Allegheny General Hospital 
Pittsburgh, PA 15212 
cgeyer@wpahs.org

John Forster, M.Sc.
GlaxoSmithKline 
Greenford UB6 0HE, United Kingdom

David Cameron, M.D.
Western General Hospital 
Edinburgh EH4 2XU, United Kingdom

Biomarkers for Prediction of Cardiovascular Events

To the Editor: Wang et al. (Dec. 21 issue)1 sug-
gest that novel biomarkers in aggregate have lit-
tle influence on the prediction of first cardiovas-
cular events or death. We wonder whether there 
were sufficient analyses to warrant this conclusion. 
As described, there were only 68 “major” cardio-
vascular events in women and 101 in men. In the 
crucial multimarker analyses, a quarter of these 
events were eliminated owing to the obligatory in-
clusion of the urinary albumin-to-creatinine ratio 
in all the multimarker scores. Would these scores 
have been more useful if urine biomarkers had 
been excluded and 100% of the events included?

Second, it is surprising that a study of risk 
prediction would include prevalent cardiovascular 
disease, yet analyses that include stroke would 
not consider atrial fibrillation. Finally, the inclu-
sion of heart failure and coronary insufficiency as 
“major” cardiovascular events is problematic, since 
they are not included in the more restrictive defi-
nition of “hard” events (myocardial infarction and 
death from coronary causes) outlined by the third 
report of the Adult Treatment Panel (ATP III) of 
the National Cholesterol Education Program. The 
ATP III definition is currently recommended to 
determine lipid treatment goals and aspirin use.2 
The study by Wang et al. would be more useful 
for clinical practice if analyses were also performed 
according to the ATP III definition.
Kiran Musunuru, M.D., Ph.D. 
Roger S. Blumenthal, M.D.
Ciccarone Center 
Baltimore, MD 21287  
rblument@jhmi.edu

Wang TJ, Gona P, Larson MG, et al. Multiple biomarkers for 
the prediction of first major cardiovascular events and death.  
N Engl J Med 2006;355:2631-9.

National Cholesterol Education Program (NCEP) Expert Panel 
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on Detection, Evaluation, and Treatment of High Blood Cholesterol 
in Adults (Adult Treatment Panel III). Third Report of the National 
Cholesterol Education Program (NCEP) Expert Panel on Detection, 
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult 
Treatment Panel III) final report. Circulation 2002;106:3143-421.

To the Editor: Wang et al. use the C statistic to 
determine the usefulness of biomarkers in cardio-
vascular risk assessment. However, the C statistic 
has at best a marginal role in selecting variables for 
prediction models in which the task is to assess 
the risk of future disease in a currently healthy 
population. For example, had the authors applied 
the C statistic individually to low-density lipopro-
tein (LDL) cholesterol, high-density lipoprotein 
(HDL) cholesterol, and blood pressure, they would 
have been forced to conclude that none of these 
commonly accepted risk factors have clinical use-
fulness either. A more principled analysis would 
have sought evidence on the basis of the propor-
tion of patients correctly reclassified as being at 
higher or lower risk when novel biomarkers were 
included.1‑3 This approach is crucial for patients 
with a 10-year risk of 5 to 10% or 10 to 20% — 
the “intermediate” groups in which an increase 
in risk by a factor of 3 (say, from 8 to 24%) would 
dramatically shift clinical decision making, despite 
a minimal change in the C statistic. Although never 
mentioned by Wang et al., it is already known that 
the risk profile for 25% of such patients in the Fra-
mingham cohort would be reclassified on the ba-
sis of measurement of high-sensitivity C-reactive 
protein.4

Paul M Ridker, M.D. 
Nancy R. Cook, Sc.D.
Brigham and Women’s Hospital 
Boston, MA 02115  
pridker@partners.org



correspondence

n engl j med 356;14 www.nejm.org april 5, 2007 1473

Dr. Ridker is listed as a coinventor on patents held by Brigham 
and Women’s Hospital that relate to the use of inflammatory 
biomarkers in cardiovascular disease and diabetes.

Cook NR, Buring JE, Ridker PM. The effect of including 
C-reactive protein in cardiovascular risk prediction models for 
women. Ann Intern Med 2006;145:21-9.

Cook NR. Use and misuse of the receiver operating charac-
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Wilson PW, D’Agostino RB, Sullivan L, O’Donnell CJ. In-
creased CRP and long term risk for cardiovascular events in mid-
dle age men and women. Circulation 2006;114:Suppl II:II-877–
II-878. abstract.

To the Editor: The reason given by Wang et al. 
for not subjecting LDL cholesterol, HDL choles-
terol, blood pressure, and smoking status to the 
same scrutiny by the C statistic that they used for 
evaluating novel biomarkers is that these “conven-
tional” risk factors are already widely accepted and 
part of the Framingham risk score and ATP III 
algorithms. However, without explanation, Wang 
et al. further include the body-mass index and se-
rum creatinine level in their base model, preclud-
ing any comparisons with previous prediction 
algorithms. We are not aware of any previous Fra-
mingham reports showing that either the body-
mass index or the creatinine level has an effect on 
the C statistic. Until an analysis is presented that 
places all putative risk factors on an equal footing 
and uses more appropriate methods to evaluate 
these risk factors, few conclusions can be drawn.
Diane M. Becker, M.P.H., Sc.D.
Johns Hopkins University School of Medicine 
Baltimore, MD 21287

Samia Mora, M.D., M.H.S.
Brigham and Women’s Hospital 
Boston, MA 02115

David C. Goff, Jr., M.D., Ph.D.
Wake Forest University School of Medicine 
Winston-Salem, NC 27157

To the Editor: In the Perspective article accom-
panying the report by Wang et al., Ware1 estimates 
that a relative risk would have to be more than 
200 to have sufficient sensitivity and specificity 
to be a useful predictor of cardiovascular risk in 
individual patients. This is so even though much 
smaller relative risks do define populations at in-
creased risk. Other observers have made this case 
on theoretical2 and empirical3 grounds, yet the 

1.

2.

3.

4.

concept has not entered into clinical thinking. 
The implications for evidence-based medicine, and 
for what clinicians communicate to patients, are 
large. Risk stratification is advocated as a way of 
increasing the effectiveness and efficiency of health 
care.4 Clinical practice guidelines commonly in-
clude stratification based on relative risks that are 
much smaller than 200. For example, family his-
tory is associated with an increase in the risk of 
breast and colorectal cancers by a factor of 2 to 
6 and is the basis for recommending aggressive 
screening in some patients. Few clinicians, includ-
ing those who prepare guidelines, understand how 
little such advice is likely to help a given patient. 
It is time for a paradigm shift in the application 
of risk stratification to the care of individual pa-
tients.
Robert H. Fletcher, M.D. 
Suzanne W. Fletcher, M.D.
Harvard Medical School 
Boston, MA 02115  
robert_fletcher@hms.harvard.edu

Ware JH. The limitations of risk factors as prognostic tools. 
N Engl J Med 2006;355:2615-7.

Wald NJ, Hackshaw AK, Frost CD. When can a risk factor be 
used as a worthwhile screening test? BMJ 1999;319:1562-5.

Elmore JG, Fletcher SW. The risk of cancer risk prediction: 
“What is my risk of getting breast cancer?” J Natl Cancer Inst 
2006;98:1673-5.

Joy JE, Penhoet EE, Petitti DB, eds. Saving women’s lives: 
strategies for improving breast cancer detection and diagnosis. 
Washington, DC: National Academies Press, 2005.

To the Editor: With regard to the discussion by 
Ware, another reason there is confusion about the 
clinical usefulness of prognostic studies is that a 
Bayesian approach — widely used in diagnosis 
— is not routinely used in prognosis. Likelihood 
ratios are summary statistics of diagnostic tests. 
They indicate the degree to which the chance of 
having a condition changes relative to baseline as 
a result of the test, thus relating the risk after a 
certain test result to the baseline risk. In prognos-
tic studies, the hazard ratio is frequently used as 
a summary statistic. The hazard ratio usually re-
lates the risk in a group with one test result to the 
risk in a group with a different test result, not to 
the baseline risk. If the entire cohort of patients 
were used as a reference, the hazard ratio would 
have a meaning similar to that of the likelihood 
ratio. When overall event rates are small, the haz-
ard ratio is equal to the likelihood ratio. This would 
allow for a more clinically meaningful interpre-
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2.

3.

4.
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tation of a study’s results and the estimation of risk 
for individual patients.
Gregory Mints, M.D. 
Nirav R. Shah, M.D., M.P.H.
New York University School of Medicine 
New York, NY 10016 
mintsg01@popmail.med.nyu.edu

To the Editor: The limitations of using risk fac-
tors to predict outcomes, as discussed by Ware, is 
a particular problem for acute care when the mere 
fact that the patient presents with a specific symp-
tom results in such a high pretest probability that 
the presence or absence of conventional risk fac-
tors is essentially irrelevant. Residents find it dif-
ficult to understand that inquiring about smoking 
status is not helpful when doing a workup of a 
middle-aged patient with sudden chest pain. Un-
fortunately, such confusion is not limited to medi-
cal trainees. Medicare rules require an extensive 
inquiry into the patient’s history (including family 
and social factors) to justify higher levels of billing 
for evaluation and management. One worries about 
the atypical myocardial infarctions that must have 
been missed because the patient was considered 
to be at low risk after a negative history.
Mark Hauswald, M.D.
University of New Mexico 
Albuquerque, NM 87131  
mhauswald@salud.unm.edu

Dr. Wang and colleagues reply: In response 
to Musunuru and Blumenthal: we observed no dif-
ference in the usefulness of multimarker scores 
in analyses that included the entire sample (i.e., 
that included persons without urine specimens). 
As stated in the article, patients with prevalent car-
diovascular disease were excluded from analyses 
for incident cardiovascular disease. Further adjust-
ment for atrial fibrillation did not alter our find-
ings. We had too few fatal or nonfatal myocardial 
infarctions to examine this end point separately 
with adequate statistical power. The inclusion of 
heart failure and coronary insufficiency (unstable 
angina with documented changes on electrocar-
diography) as part of the composite end point is 
consistent with the definition of “hard” cardio-
vascular disease used in previous Framingham 
reports and based on standardized criteria in use 
since the inception of the cohort.1 Given the mor-
bidity associated with these conditions, we believe 
that it is valid to consider them “major” events.

Ridker and Cook object to the use of the C sta-
tistic to evaluate novel biomarkers. Although sev-
eral measures of model performance exist, the 
C statistic remains one of the standard tools for 
assessing screening tests because it is easy to 
interpret, objective, and applicable to different 
populations.2 Nonetheless, we also evaluated the 
ability of biomarkers to “reclassify” the risk of 
cardiovascular disease, the approach advocated 
by Ridker and Cook. The majority of reclassified 
patients were moved into a lower risk category, 
rather than a higher one. Specifically, the multi-
marker score reclassified only 1% of patients who 
were at low or intermediate risk into the high-risk 
group (predicted risk, ≥20% on the basis of our 
8-year follow-up), the only shift likely to affect 
pharmacologic decision making.3 Even if we were 
to restrict biomarker assessment to the interme-
diate-risk groups, only 2.7% would be reclassified 
as being at high risk. Notably, the use of C-reac-
tive protein measures in the Women’s Health Study 
reclassified an even smaller proportion of women 
(0.2%) who were at low or intermediate risk as be-
ing at high risk.4 The measurement of C-reactive 
protein did not enter our multimarker score for 
cardiovascular disease because it was less infor-
mative than several other biomarkers we studied.

We disagree with Becker et al. that conven-
tional risk factors and novel biomarkers should 
be given equal opportunity to enter risk models. 
Novel biomarkers should be judged on their abil-
ity to add to existing risk factors that constitute 
the current standard of care. Lipid levels, blood 
pressure, and smoking status are easily ascer-
tained, modifiable with lifestyle changes or drug 
therapy, and linked to cardiovascular disease in 
a causal manner. Also, large, randomized trials 
have firmly established the benefits of modify-
ing these risk factors.

The body-mass index and serum creatinine 
level were included in our models because they are 
routinely assessed and may confound biomarker 
levels.5 Excluding these factors from the models 
resulted in unchanged biomarker results.

Thomas J. Wang, M.D.
Massachusetts General Hospital 
Boston, MA 02114 
tjwang@partners.org

Martin G. Larson, Sc.D. 
Ramachandran S. Vasan, M.D.
Boston University 
Boston, MA 02118
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Dr. Ware replies: The C statistic is one of sev-
eral global measures of the performance of risk-
prediction rules. It measures the ability of a pre-
diction rule to classify an entire study population 
into groups that will and those that will not have 
the predicted event. Though methods for evalua-
tion of risk-prediction models are still evolving, 
maximization of the area under the receiver-oper-
ating-characteristic curve is competitive with like-
lihood maximization as a method for deriving 
risk-prediction models on the basis of linear com-
binations of biomarkers.1

Ridker and Cook note that changes in the  
C statistic are small even when recognized pre-
dictors are added to prediction models. They have 
shown in studies of the Women’s Health Study 
population2 that after the inclusion of age, systolic 
blood pressure, and smoking status in a model for 
prediction of cardiovascular risk, other individu-
al predictors increase the C statistic by 0.01 or less. 
However, the data show a close correspondence 
between the changes in the C statistic and the 
likelihood ratio with the addition of single covar-
iates to the prediction model, though with sub-
stantial differences in scale.

Global measures have limitations as measures 
of risk prediction. One limitation is conceptual. 
The outcome is inherently stochastic; we cannot 

1.

2.

3.

4.

5.

hope to achieve perfect prediction. The other is 
that global measures of risk prediction may be 
insensitive to improvements that predominantly 
affect subgroups of the study population.

Ridker and Cook compare nested prediction 
models by assessing the extent to which a more 
complex model reassigns patients to more appro-
priate risk strata. In a recent study,3 they compared 
risk prediction in 7911 women without diabetes 
in the Women’s Health Study using a model based 
on traditional risk factors and an enhanced model 
that included parental history of myocardial in-
farction and levels of high-sensitivity C-reactive 
protein. Among 767 women with a predicted 10-
year risk of more than 5% according to the tradi-
tional model, 339 women (44%) were reclassified 
by the refined model. The observed risks in the 
women who were reclassified were consistent with 
the revised predicted risks. In the entire sample, 
647 women (8%) were reclassified.

In this population, improvement in risk predic-
tion occurred predominantly in women at elevat-
ed risk according to the traditional model. The fact 
that the high-risk subgroup represents about 10% 
of the Women’s Health Study population is one 
explanation for the small change in the C statis-
tic resulting from this refinement. Of 10 novel 
biomarkers considered in their study, only high-
sensitivity C-reactive protein was included in the 
final, “clinically simplified” model.

The comments of Fletcher and Fletcher, Mints 
and Shah, and Hauswald are appreciated and re-
quire no elaboration.

James H. Ware, Ph.D.
Harvard School of Public Health 
Boston, MA 02115 
ware@hsph.harvard.edu

Cook NR, Buring JE, Ridker PM. The effect of including C-reac-
tive protein in cardiovascular risk prediction models for women. 
Ann Intern Med 2006;145:21-9.

Pepe MS, Cai T, Longton G. Combining predictors for clas-
sification using the area under the receiver operating character-
istic curve. Biometrics 2006;62:221-9.

Ridker PM, Buring JE, Rifai N, Cook NR. Development and 
validation of improved algorithms for the assessment of global 
cardiovascular risk in women: the Reynolds Risk Score. JAMA 
2007;297:611-9.

1.

2.

3.

Door-to-Balloon Time in Acute Myocardial Infarction

To the Editor: Bradley et al. (Nov. 30 issue)1 
have analyzed strategies to reduce the interval 
between arrival at the hospital and intracoronary 

balloon inflation (door-to-balloon time) in primary 
angioplasty in a large multicenter series. However, 
use of the median in this and other analyses has 
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limitations. Reperfusion-time distributions are 
skewed, with a tail to the right representing pa-
tients who have a long wait. Such patients may have 
significantly detrimental effects,2 alluded to in the 
accompanying editorial by Moscucci and Eagle,3 as 
compared with those who undergo timely throm-
bolysis.4 Neither the length of the delay nor the 
number of patients who had a long wait was quan-
tified by the median.

This issue is illustrated by an analysis of our 
own institutional reperfusion times. Figure 1 
shows the proportion of patients who undergo 
reperfusion within a given period (e.g., 90 min-
utes). The median and 75th percentiles for the 
time to direct-access angioplasty and thromboly-
sis are very similar, but the curves are signifi-
cantly different for the longest-wait quartile, fa-
voring direct-access angioplasty (relative ratio, 2.7; 
95% confidence interval, 1.7 to 4.3; P<0.001). Do 
the authors believe that an analysis of reperfusion 
times should include quantified data regarding 
patients with a long wait, which may provide im-
portant insights into delay-reducing strategies, 
outcomes, and guidelines, beyond the insights 
provided by measurements of central tendency?

Miles Dalby, M.D. 
Michael Roughton, M.Sc. 
Charles Ilsley, M.D.
Royal Brompton and Harefield Hospitals 
Harefield UB9 6JH, United Kingdom 
m.dalby@rbht.nhs.uk

Bradley EH, Herrin J, Wang Y, et al. Strategies for reducing 
the door-to-balloon time in acute myocardial infarction. N Engl 
J Med 2006;355:2308-20.

McNamara RL, Wang Y, Herrin J, et al. Effect of door-to-bal-
loon time on mortality in patients with ST-segment elevation 
myocardial infarction. J Am Coll Cardiol 2006;47:2180-6.

Moscucci M, Eagle KA. Reducing the door-to-balloon time 
for myocardial infarction with ST-segment elevation. N Engl J 
Med 2006;355:2364-5.

Bonnefoy E, Lapostolle F, Leizorovicz A, et al. Primary an-
gioplasty versus prehospital fibrinolysis in acute myocardial in-
farction: a randomised study. Lancet 2002;360:825-9.

To the Editor: Among the six strategies to short-
en the door-to-balloon time in myocardial infarc-
tion, Bradley et al. emphasize the importance of 
prehospital care. The French experience with pre-
hospital care provides an important and original 
example. Mobile intensive care units of the nation-
al emergency medical service that are staffed by 
trained emergency physicians provide on-site diag-
nosis and make decisions regarding reperfusion 
and the immediate alerting of the catheterization 
laboratory by the medical dispatching team, with 
which they are in constant contact. Patients are 
transported directly to the catheterization labora-
tory by the mobile intensive care team, bypassing 
the emergency room. This strategy saves time, as 
observed in the E-MUST registry, which has 
achieved a home-to-needle time of 81 minutes in 
the Paris area,1 according to European Society of 
Cardiology guidelines.2 Similar results are observed 
in other French regional registries of cases of myo-
cardial infarction. The results of the study by Brad-
ley et al. combined with field experience confirm 
the importance of providing a close link between 
prehospital and in-hospital care to improve the 
treatment of patients with myocardial infarction.
Jean E. de La Coussaye, M.D., Ph.D.
Groupe Hospitalo-Universitaire Caremeau 
30000 Nimes, France

Pierre A. Carli, M.D., Ph.D.
Hôpital Necker  
75015 Paris, France

Lapandry C, Laperche T, Lambert Y, Sauval P, Zurek M, Fosse 
S. Pre-hospital management of acute coronary syndromes with 
ST elevation in the Ile-de-France Region: the E-MUST Registry. 
Arch Mal Coeur Vaiss 2005;98:1137-42. (In French.)

Van de Werf F, Ardissino D, Betriu A, et al. Management of 
acute myocardial infarction in patients presenting with ST-seg-
ment elevation. Eur Heart J 2003;24:28-66.

To the Editor: Bradley et al. present an impor-
tant analysis of many of the factors that influence 
the door-to-balloon time for primary percutane-
ous coronary intervention (PCI) in acute myocar-
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Figure 1. Kaplan–Meier Analyses of Door-to-Needle 
Times for Thrombolysis and Door-to-Balloon Times  
for Primary Angioplasty.

Included in these analyses were 185 patients who un-
derwent thrombolysis between 2002 and 2004 and 286 
patients who underwent primary angioplasty between 
2004 and 2006, including 181 patients who were ad-
mitted directly to the hospital and 105 who were ad-
mitted after an interhospital transfer.
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dial infarction. We would emphasize that primary 
PCI in community hospitals without on-site sur-
gery is another important strategy to reduce the 
door-to-balloon time. This strategy has not been 
given the attention it merits. In 2004, Wharton et 
al. reported a 67-minute reduction in the door-to-
balloon time in such hospitals, as compared with 
the door-to-balloon time when patients were trans-
ferred to tertiary centers.1 Currently, more than 100 
U.S. hospitals perform off-site primary PCI — and 
perform it more rapidly at all hours than do sur-
gical centers.2 European guidelines permit PCI in 
regional hospitals with off-site surgical backup.3 
The Dutch government recently allowed a random-
ized study to assess off-site primary PCI.4 This trial 
demonstrated a significant reduction of 33 min-
utes in the door-to-balloon time among 199 pa-
tients with myocardial infarction who were ran-
domly assigned to undergo PCI either locally or 
after transfer to a surgical center. We consider pri-
mary PCI in nonsurgical hospitals with a large vol-
ume of PCI procedures (>36 per year) to be a valid 
strategy for optimizing rapid access and thus im-
proving outcomes.

Victor A. Umans, M.D. 
Hans O. Peels, M.D.
Medical Center Alkmaar 
1815 JD Alkmaar, the Netherlands 
v.umans@mca.nl

Thomas Wharton, M.D.
Exeter Hospital 
Exeter, NH 03833

Wharton TP Jr, Grines LL, Turco MA, et al. Primary angio-
plasty in acute myocardial infarction at hospitals with no surgery 
on-site (the PAMI-No SOS study) versus transfer to surgical cen-
ters for primary angioplasty. J Am Coll Cardiol 2004;43:1943-50.

Magid DJ, Wang Y, Herrin J, et al. Relationship between time 
of day, day of week, timeliness of reperfusion, and in-hospital 
mortality for patients with acute ST-segment elevation myocar-
dial infarction. JAMA 2005;294:803-12.

Joint Working Group on Coronary Angioplasty of the British 
Cardiac Society and British Cardiovascular Intervention Society. 
Coronary angioplasty: guidelines for good practice and training. 
Heart 2000;83:224-35.

Umans V, Peels J, Hautvast R, de Swart H. A randomized trial 
comparing primary PCI with or without on-site surgery for acute 
myocardial infarction in the Netherlands: from randomization to 
clinical practice. J Am Coll Cardiol 2006;47:193A. abstract.

To the Editor: In the United Kingdom and the 
United States, debate over primary PCI has moved 
to the question of how best to deliver timely treat-
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Figure 1. Door-to-Balloon Times for Individual Patients, Showing the Effect of a Procedural Change for Activation  
of the Catheterization Laboratory.

Two intervals are shown, one before the introduction of a single point of contact for activation of the catheterization 
laboratory (from April 2004 to August 2005) and one after the introduction of the new system (from September 
2005 to December 2006). The upper control limit is a statistically defined boundary roughly equivalent to the 99% 
confidence limit.3
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ment. Bradley et al. show that real-time data feed-
back is an effective strategy for improving the 
door-to-balloon time. The American College of 
Cardiology’s Web site that is devoted to this top-
ic suggests the use of pie charts.1 We have used 
statistical-process-control charts that plot the door-
to-balloon times for individual patients for data 
feedback and analysis.2,3 Statistical process con-
trol provides a statistically robust mechanism for 
assessing the effect of process redesign interven-
tions, as well as a clear image of door-to-balloon 
times for individual patients. Figure 1 shows door-
to-balloon times after the introduction of a sin-
gle point of contact for activation of the catheter-
ization laboratory (through the coronary care nurse 
coordinator). The resultant fall of door-to-balloon 
times from a median of 94.0 minutes to 56.5 min-
utes is clearly shown and is confirmed by the 
change in the upper control limit.3 The statistical-
process-control chart also allows the easy identi-
fication of significant outliers for investigation 
of any variation with a special cause.
Jim Hall, M.A., F.R.C.P. 
Tony Roberts, M.A., M.Sc. 
Mark deBelder, M.A., F.R.C.P.
James Cook University Hospital 
Middlesbrough TS4 3BW, United Kingdom 
jim.hall@stees.nhs.uk

American College of Cardiology. D2B: an alliance for quality. 
(Accessed March 15, 2007, at http://www.D2B.acc.org.)

Carey RG. Improving healthcare with control charts: basic 
and advanced SPC methods and case studies. Milwaukee: ASQ 
Quality Press, 2003.

Statistical Process Control, NHS Scotland. (Accessed March 
15, 2007, at http://www.indicators.scot.nhs.uk/SPC/SPC.html.)

To the Editor: Bradley et al. effectively highlight 
the problem of long delays in the performance of 
PCI for myocardial infarction with ST-segment el-
evation. It is surprising that the alternative reper-
fusion strategy of thrombolytic therapy was not 
mentioned in this article or in the accompanying 
editorial. Unlike primary PCI, thrombolytic ther-
apy can be given with almost no delay, so there is 
no reason to withhold reperfusion therapy while 
waiting for the availability of a catheterization labo-
ratory or the required skilled personnel. Of course, 
efforts to minimize the door-to-balloon time must 
continue, but thrombolytic therapy should be ad-
ministered whenever it is apparent that the delay 
in performing primary PCI is likely to exceed 90 
minutes. This treatment will achieve reperfusion 
in 75% of patients, and in the remaining 25%, res-
cue angioplasty is effective.1 Cardiologists should 

1.

2.

3.

not forget that they have two effective methods of 
reperfusion available, and they should choose the 
treatment most likely to provide the greatest ben-
efit in each individual case.
Jonathan N. Townend, F.R.C.P., F.E.S.C.
Queen Elizabeth Hospital 
Birmingham B15 2TH, United Kingdom 
john.townend@uhb.nhs.uk

Gershlick AH, Stephens-Lloyd A, Hughes S, et al. Rescue 
angioplasty after failed thrombolytic therapy for acute myocar-
dial infarction. N Engl J Med 2005;353:2758-68.

The authors reply: We agree with Dalby et al., 
who suggest that analysis of very long delays in 
door-to-balloon times may reveal factors that dif-
fer from those that we discovered were associated 
with median door-to-balloon times. Although lim-
iting very long delays is important, our research 
indicates that there is ample opportunity to reduce 
the median door-to-balloon time as well, and this 
should be a primary focus of current improvement 
efforts. We also agree with Townend that physi-
cians must consider the time to treatment as an 
important factor in opting for PCI or fibrinolytic 
therapy, although describing the process of choos-
ing among treatment alternatives was not an aim 
of our inquiry.

We thank de La Coussaye and Carli for high-
lighting the issue of prehospital emergency medi-
cal services. Better linking of prehospital and in-
hospital care can improve the treatment of patients 
with myocardial infarction and is currently the fo-
cus of attention among many professional groups. 
The issue is nonetheless complex, since techno-
logical advances shape the ability of paramedics 
both to perform and to transmit prehospital clini-
cal information to emergency departments. Finally, 
in terms of the effect of performing PCI in com-
munity hospitals without on-site surgery, we did 
not examine this feature. We believe the benefits 
of reducing the door-to-balloon time that may oc-
cur with this strategy must be balanced against the 
risks of performing PCI without backup surgery.
Elizabeth H. Bradley, Ph.D. 
Harlan M. Krumholz, M.D.
Yale School of Medicine 
New Haven, CT 06510

The editorialists reply: We agree with Townend 
that when substantial delays with primary PCI are 
expected, thrombolytic therapy should be strong-
ly considered. Indeed, a recent meta-analysis of ran-
domized clinical trials has shown that when the 

1.
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“needle-to-balloon time” (defined as the difference 
between the time at which thrombolysis would 
be administered and the time of the first balloon 
inflation) exceeds 60 minutes, the survival benefit 
provided by PCI, as compared with thrombolysis, 
might be lost.1 However, other studies have sug-
gested a continuous benefit of PCI, even when sub-
stantial delays due to transport time or other fac-
tors are expected and, in particular, in patients 
with the longest time from the onset of symp-
toms to treatment.2‑4 Thus, in view of these con-
flicting data, the relative benefit of “early” throm-
bolysis, as compared with “delayed” PCI, continues 
to be the topic of vivid debate. The significance 
and magnitude of the controversy surrounding 
this issue, which would deserve a full editorial by 
itself, and the fact that the article by Bradley et al. 
was about process rather than treatment are 

among the reasons why we elected not to address 
this issue in our editorial.

Mauro Moscucci, M.D. 
Kim A. Eagle, M.D.
University of Michigan Cardiovascular Center 
Ann Arbor, MI 48109

Nallamothu BK, Bates ER. Percutaneous coronary interven-
tion versus fibrinolytic therapy in acute myocardial infarction:  
is timing (almost) everything? Am J Cardiol 2003;92:824-6.

Andersen HR, Nielsen TT, Rasmussen K, et al. A comparison 
of coronary angioplasty with fibrinolytic therapy in acute myocar-
dial infarction. N Engl J Med 2003;349:733-42.

Boersma E. Does time matter? A pooled analysis of random-
ized clinical trials comparing primary percutaneous coronary 
intervention and in-hospital fibrinolysis in acute myocardial in-
farction patients. Eur Heart J 2006;27:779-88.

Widimsky P, Budesinsky T, Vorac D, et al. Long distance trans-
port for primary angioplasty vs immediate thrombolysis in acute 
myocardial infarction: final results of the randomized national 
multicentre trial — PRAGUE-2. Eur Heart J 2003;24:94-104.
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Whipple’s Disease

To the Editor: In their Medical Progress article 
on Whipple’s disease, Fenollar and colleagues 
(Jan. 4 issue)1 raise important issues regarding 
culture-negative endocarditis. We report on a 38-
year-old-man with a 6-month history of polyar-
thralgia. He had clubbing of the fingers as well 
as aortic and mitral regurgitant murmurs. Trans-
esophageal echocardiography showed vegetations 
on both the mitral and aortic (bicuspid) valves. 
Multiple blood cultures and routine serologic tests 
were negative. A species-specific polymerase-chain-
reaction (PCR) assay for Tropheryma whipplei and 
broad-range PCR for 16S ribosomal DNA2 on whole 
blood were negative.

After replacement of the aortic and mitral 

valves, tissue samples from both valves were found 
to be positive for T. whipplei on broad-range PCR 
assay2 (with sequence analysis) and species-spe-
cific PCR assay. Macrophages with positive inclu-
sions on periodic acid–Schiff (PAS) staining were 
confirmed as the organisms seen on electron mi-
croscopy (Fig. 1).

The modified Duke criteria3 are often unreli-
able in detecting culture-negative endocarditis; our 
patient was clinically categorized as having pos-
sible endocarditis (one major and one minor sign). 
We suggest that other clinical signs (including 
clubbing4) and serologic5 and molecularly based 
tests should be included as part of the initial di-
agnostic workup for patients with suspected in-
fective endocarditis and that valvular tissue re-
moved during surgery should be investigated with 
the use of molecular techniques.

Owen M. Williams, Ph.D.
Health Protection Agency South West Regional Laboratory 
Bristol BS2 8HW, United Kingdom 
martinx.williams@ubht.nhs.uk

Angus K. Nightingale, M.D.
Bristol Heart Institute 
Bristol BS2 8HW, United Kingdom

John Hartley, M.R.C.Path.
Great Ormond Street Hospital 
London WC1N 3JH, United Kingdom

Fenollar F, Puéchal X, Raoult D. Whipple’s disease. N Engl J 
Med 2007;356:55-66.
1.

Figure 1. Electron Micrograph of Valvular Tissue  
Showing Rodlike Organisms with the Characteristic 
Trilamellar Cell Wall of Tropheryma whipplei.
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Raoult D. Afebrile blood culture-negative endocarditis. Ann 
Intern Med 1999;131:144-6.

Boulos A, Rolain JM, Mallet MN, Raoult D. Molecular evalu-
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ation of antibiotic susceptibility of Tropheryma whipplei in axenic 
medium. J Antimicrob Chemother 2005;55:178-81.

Retraction: Hussain HM, Hotopf M, Oyebode F.  
Atypical Antipsychotic Drugs and Alzheimer’s Disease.  

N Engl J Med 2007;356:416.

To the Editor: A letter that I submitted to the 
Journal was published in the January 25 issue.1 Be-
cause there has been concern about the prove-
nance and authorship of that letter, I request that 
it be retracted.

Hadi Meeran Hussain, M.B., B.S.
Military Hospital 
Rawalpindi 46000, Pakistan

Hussain HM, Hotopf M, Oyebode F. Atypical antipsychotic 
drugs and Alzheimer’s disease. N Engl J Med 2007;356:416.
1.

Multiple-Triazole–Resistant Aspergillosis 

To the Editor: The use of voriconazole has be-
come common for the management of invasive as-
pergillosis. However, therapy with voriconazole 
still sometimes fails, more often because of un-
responsive underlying disease than because of re-
sistance of the fungus. Since the first description 
of itraconazole resistance in Aspergillus fumigatus,1 
three amino acid substitutions in the 14α-sterol 
demethylase cyp51A gene, which is the target site 
for azole drugs, have been described.2

Our laboratory receives fungal isolates for iden-
tification and susceptibility testing from through-
out the Netherlands. Since 2002, using Clinical 
and Laboratory Standards Institute methodol-
ogy, we have observed an increase in the number 
of A. fumigatus isolates with elevated minimum 
inhibitory concentrations of voriconazole (2 to 
>16 mg per liter), itraconazole (>16 mg per liter), 
the investigational azole ravuconazole (4 to >16 mg 
per liter), and posaconazole (0.5 to 1.0 mg per 
liter). Thirteen isolates were cultured from nine 
patients from six hospitals in the Netherlands 
(Table 1). Primary aspergillosis was diagnosed 
in four patients, and five patients presented with 
breakthrough invasive aspergillosis.

A new mechanism of resistance, consisting of 
a Cyp51A amino acid substitution at codon 98 
(L98H) together with a tandem repeat in the gene 

promoter, was found to be responsible for the 
azole-resistant phenotype. This resistance mech-
anism was present in 12 of the 13 isolates. Ge-
notyping of the isolates showed no evidence for 
clonal spread of a single A. fumigatus genotype.

The prevalence of multiple-triazole resistance 
was compared with a previously conducted nation-
wide survey of 170 A. fumigatus isolates collected 
from 114 patients from 21 Dutch hospitals be-
tween 1945 and 1998.4 In this period, no patients 
with multiple-triazole–resistant isolates were found 
as compared with 10 of 81 patients in the period 
since 2002 (P<0.001).

Although the emergence of this new resistance 
mechanism coincides with the approval of vori-
conazole, the factors that may explain this phe-
nomenon remain unclear. Four patients became 
infected with a multiple-triazole–resistant strain 
during long-term prophylaxis with itraconazole, 
a drug that has been widely available for clinical 
use since 1991. The recovery of multiple-triazole–
resistant strains in patients who had not been 
previously treated with azoles suggests that alter-
native sources of azoles, such as the use of azole 
compounds in agricultural environments, might 
play a role.5

Our observation underscores the need to make 
an etiologic diagnosis of invasive mold infection 
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cally relevant A. fumigatus isolates. Furthermore, 
international surveillance programs are warrant-
ed to investigate the spread of resistance in A. fu-
migatus.
Paul E. Verweij, M.D.
Radboud University Nijmegen Medical Center 
6500 HB Nijmegen, the Netherlands 
p.verweij@mmb.umcn.nl

Emilia Mellado, Ph.D.
Instituto de Salud Carlos III 
28220 Madrid, Spain

Willem J.G. Melchers, Ph.D.
Radboud University Nijmegen Medical Center 
6500 HB Nijmegen, the Netherlands

Denning DW, Venkateswarlu K, Oakley KL, et al. Itracona-
zole resistance in Aspergillus fumigatus. Antimicrob Agents Che-
mother 1997;41:1364-8.

Chamilos G, Kontoyiannis DP. Update on antifungal drug 
resistance mechanisms of Aspergillus fumigatus. Drug Resist Up-
dat 2005;8:344-58.

Warris A, Weemaes CM, Verweij PE. Multidrug resistance in 
Aspergillus fumigatus. N Engl J Med 2002;347:2173-4.

Verweij PE, Te Dorsthorst DTA, Rijs AJMM, De Vries-Hospers 
HG, Meis JFGM. Nationwide survey of in vitro activities of itra-
conazole and voriconazole against clinical Aspergillus fumigatus 
isolates cultured between 1945 and 1998. J Clin Microbiol 2002; 
40:2648-50.

Meneau I, Sanglard D. Azole and fungicide resistance in 
clinical and environmental Aspergillus fumigatus isolates. Med My-
col 2005;43:Suppl 1:S307-S311.
Correspondence Copyright © 2007 Massachusetts Medical Society.

1.

2.

3.

4.

5.



b o ok  r e v ie w s

n engl j med 356;14 www.nejm.org april 5, 20071484

T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

Rescuing Science from Politics: 
Regulation and the Distortion  

of Scientific Research

Edited by Wendy Wagner and Rena Steinzor. 304 pp.  
New York, Cambridge University Press, 2006. $75 (cloth); 

$29.99 (paper). ISBN 978-0-521-85520-4 (cloth);  
978-0-521-54009-4 (paper).

The “pursuit of scientific truth, de-
tached from the practical interests of everyday 

life, ought to be treated as sacred by every govern-
ment, and it is in the highest interests of all that 
honest servants of truth should be left in peace.” 
Albert Einstein’s profound admonition, directed at 
fascist governments and written as a plea to Al-
fredo Rocco, Minister of Justice and Education un-
der Benito Mussolini, captures elegantly the spirit 
of the book edited by Wendy Wagner and Rena 
Steinzor. This compendium of 12 scholarly essays 
suggests that history is replaying itself in current 
politics in the United States, as is evident by the 
tension arising between the servants of scientific 
truth and special-interest groups that exploit law 
and politics for their own advantage. The instruc-
tive essays, which are grouped into three sections 
and preceded by a thoughtful introduction written 
by the editors, demonstrate how some risk-produc-
ing industries have taken advantage of the U.S. le-
gal system to discredit scientific information that 
is derived from federal funding and to suppress po-
tentially damaging information.

In the first section of the book, “Freedom and 
Independence,” Thomas McGarity highlights egre-
gious methods of deconstructing scientific evi-
dence. Risk-producing industries use the “corpus-
cular approach” of attacking scientific truth by 
deconstructing a body of evidence and destroying 
cause-and-effect links piecemeal. This approach 
was enshrined by the 2001 Data Quality Act, which 
permits risk-producing industries to challenge sci-
entific reports such as one that focused on the role 
of greenhouse gases in global warming. In the 
same section, Katherine Squibb highlights legal 
maneuvers that corporations have used to exploit 
inherent uncertainties in science and to suppress 
adverse results that would undermine the finan-
cial standing of specific industries. Sheldon Krim-

sky focuses on the potential pitfalls of industry-
sponsored research, in particular the influence of 
sponsorship on the outcome of clinical studies. 
Paul Fischer closes the first section, reporting 
compellingly from personal experience about how 
the powerful tobacco industry could levy major 
legal proceedings against an investigator whose 
work pointed out the dangers of marketing to-
bacco products to children.

The second section highlights the principles 
of transparency and honesty. Donald Hornstein 
points to new U.S. laws, such as the Data Quality 
Act and the Shelby Amendment, that provide pri-
vate industries with tools to attack the findings 
of publicly supported research. The Shelby Amend-
ment allows any person, under the Freedom of 
Information Act, access to all data produced by 
federally funded projects. However, it does not al-
low access to data from privately financed projects. 
In his essay, Carl Cranor exposes the significant 
differences between the practice of science and the 
judiciary rules of evidence, which lead to the dis-
missal of research conclusions simply because they 
are never final. Holly Doremus and Vern Walker, 
in separate chapters, point to the misuse of incom-
plete scientific information in making decisions 
that affect natural resources. David Adelman ends 
the second section with a discussion of methods 
of analyzing scientific evidence, such as Bayesian 
statistical inference.

In the third section of the book, “A Public In-
frastructure for Science,” three essays provide the 
perspectives. David Michaels and Sidney Shapiro 
separately address peer review as it pertains to 
transparency in regulatory policies from the scien-
tific and legal perspectives. Both authors empha-
size the problems with peer review that is biased 
in favor of special interests. John Applegate wraps 
up the section with an analysis of the deficien-
cies in the legal system that allow companies to 
prevent potentially incriminating information from 
being exposed. Applegate proposes that it would 
be in the public’s interest for the government to 
take more ownership of research that affects pub-
lic welfare and would not otherwise be conducted 
because it is not in the private sector’s interest 
to do so. In their conclusion, the editors provide 
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sound recommendations that reiterate Einstein’s 
plea that the pursuit of scientific truth be held sa-
cred. At a time when the United States government 
is pushing the limits of the law in the interest of 
risk-producing industries, this book provides a 
much-needed scholarly analysis of our state of af-
fairs and makes it clear that our policies require 
recalibration in the interest of public welfare. 
Chi V. Dang, M.D., Ph.D.
Johns Hopkins University School of Medicine 
Baltimore, MD 21205 
cvdang@jhmi.edu

The Western Medical Tradition: 
1800 to 2000

By W.F. Bynum, Anne Hardy, Stephen Jacyna, Christopher 
Lawrence, and E.M. Tansey. 614 pp., illustrated. New York, 

Cambridge University Press, 2006. $90 (cloth);  
$29.99 (paper). ISBN 978-0-521-47524-2 (cloth);  

978-0-521-47565-5 (paper).

For reasons not entirely clear, medi-
cal historians writing in the first half of the 

20th century seemed driven to write sweeping his-
tories, describing developments from antiquity to 
their own time. The fact-filled tomes of Fielding 
Garrison (1913), William Osler (1921), Charles 
Singer (1928), Victor Robinson (1931), Arturo Cas-
tiglione (1936), Richard Shryock (1936), Kenneth 
Walker (1953), and Erwin H. Ackerknecht (1955) 
continue to sit on our shelves, but few of them are 
read, or even recommended, today. The past 45 
years or so, by contrast, could be called the age of 
the monograph, launched symbolically by the ap-
pearance of Charles Rosenberg’s immensely influ-
ential The Cholera Years: The United States in 1832, 1849, 
and 1866 (Chicago: University of Chicago Press, 
1962). During the past few decades, professional 
historians of medicine — whether for reasons of 
modesty or timidity — have largely left the writ-
ing of broad syntheses to amateurs. The two no-
table exceptions are Roy Porter’s gracefully written 
The Greatest Benefit to Mankind: A Medical History of 
Humanity (New York: W.W. Norton, 1998) and Ja-
calyn Duffin’s History of Medicine: A Scandalously 
Short Introduction (Toronto: University of Toronto 
Press, 1999).

To survey the field of medical history in this era 
of hyperspecialization, most scholars feel the need 
to band together to share their expertise and re-
duce the risk of being embarrassed by nitpicking 

reviewers. In 1995, for example, five members of 
the academic staff of what is now called the Well-
come Trust Centre for the History of Medicine at 
University College London collaborated to write 
The Western Medical Tradition: 800 bc to ad 1800 (Cam-
bridge, England: Cambridge University Press), the 
most authoritative survey of these years available 
within two covers. The volume under review, 
written by another group of scholars at the Well-
come Trust Centre, continues the story up to the 
year 2000.

This book opens with an unfortunately off-put-
ting introduction on developments between 1800 
and 1849 by Stephen Jacyna, who offers readers, 
among other things, a primer on Marxist and 
Foucauldian theory. Largely eschewing historical 
narrative, Jacyna devotes more than half of this 
long chapter to a sometimes polemical critique 
of “historiographic strategies.” Advanced students 
might find some value in this discussion, but 
beginners will certainly find it more confound-
ing than enlightening. This is a shame, because 
the remainder of the book is much, much better. 
W.F. Bynum offers an engaging survey in the chap-
ter “The Rise of Science in Medicine, 1850–1913,” 
focusing on events in Germany, France, Great Brit-
ain, and the United States. Christopher Lawrence 
skillfully continues the story through World War 
II and adds the Soviet Union to the mix. In the 
concluding chapter, “Medical Enterprise and 
Global Response, 1945–2000,” Anne Hardy and 
E.M. Tansey, somewhat surprisingly, write more 

Stanley Boyd Preparing to Operate, Charing Cross Hospital, London, 1900.
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about the Anglo-American experience than the 
“global response.” They do, however, include some 
valuable international comparisons.

Except for the inevitable but still annoying 
sprinkling of factual errors — and the aforemen-
tioned first chapter — I would rate this volume a 
success. Although the authors confine themselves 
mostly to orthodox physicians, they avoid merely 
celebrating the achievements of great doctors and 
at least mention in passing the roles played by 
nurses and midwives. Unlike their late colleague 
Roy Porter, who pushed historians to pay more 
attention to patients, they say little about the re-
cipients of Western medical care. Some readers, 
I suspect, will find the theme of medical trium-
phalism unpersuasive. Lawrence, for example, ar-
gues that “in the interwar years, orthodox medi-
cine consolidated its authority in all areas: the 
home, the hospital, local and central government, 
the community, and industry” — a generalization 
echoed by Hardy and Tansey, who claim that “as 
a discipline, orthodox medicine emerged from the 
war with its authority established.” In the United 
States, where osteopaths, chiropractors, and Chris-
tian Scientists — to say nothing of psychologists, 
podiatrists, and optometrists — repeatedly and 
successfully challenged the authority of orthodox 
medicine, and where more and more people every 
year seem to be turning to alternative and com-
plementary forms of healing, we know that the 
medical establishment has failed to squash its 
many rivals. Could it be that our elitist colleagues 
in Great Britain, where herbalists and homeopaths 
thrive even among the royals, have overlooked 
something significant?
Ronald L. Numbers, Ph.D.
University of Wisconsin 
Madison, WI 53706

History and Health Policy  
in the United States:  

Putting the Past Back In

(Critical Issues in Health and Medicine.) Edited by Rosemary 
A. Stevens, Charles E. Rosenberg, and Lawton R. Burns.  

364 pp. New Brunswick, NJ, Rutgers University Press, 2006. 
$68 (cloth); $24.95 (paper). ISBN 978-0-8135-3837-2 (cloth); 

978-0-8135-3838-9 (paper).

In this book, a distinguished group of 
historians and social scientists have written 13 

chapters organized around the idea that history 
can, and should, inform contemporary decisions 

on health policy. In the introduction, Rosemary 
Stevens underscores the power of historical writ-
ing, which both creates a narrative that defines the 
way we collectively see the world and allows us to 
consider a wider range of possibilities for today’s 
health policy options.

The book acknowledges the complexity of health 
policy in its inclusion of a range of topics and ana-
lytic approaches. Robert Cook-Deegan and Michael 
McGeary describe the development of the National 
Institutes of Health. Colleen Grogan documents 
the role of Medicaid in the rise of institutions for 
long-term care. Lawton Burns and Alexandra Burns 
use a historical case study, the bankruptcy of the 
Allegheny Health, Education, and Research Foun-
dation, to suggest that a top-down governmental 
approach interferes with the ability of local deci-
sion makers to respond to unique regional circum-
stances. Nancy Tomes and Amy Fairchild, in sepa-
rate chapters, describe the changing meanings of 
“health consumer” and “privacy” over the course 
of a century and discuss the current definitions. 
Lawrence Brown describes recurrent themes in 
recent policy to explain the paradoxical expansion 
of U.S. health programs in a society with an 
aversion to “big government.” Charles Rosenberg 
characterizes health policy history as the continu-
ing struggle between the tensions of power, con-
flict, values, and systems.

The span of the book is admirable, but it can-
not cover the whole of health policy. It is not, for 
instance, a “history from below” — we are left 
to wonder whether the voice of the uninsured 
will change future health policy. But the stories 
that are included in the book suggest the poten-
tial of health policy history to inform us as we 
move forward on priorities not emphasized in the 
book, such as disparities in health and in care.

The editors have put together an all-star cast. 
We come expecting, and are given, strong, expert 
solo performances from the social sciences, law, 
and history. The lessons implicit in these chapters 
invite us to use past evidence to test our mental 
models, while the lens of historical perspective 
forces us to examine our theoretical assumptions 
and to explore a larger range of possible alterna-
tives.

Constance Wei-Fang Liu 
Duncan B. Neuhauser, Ph.D.
Case Western Reserve University 
Cleveland, OH 44106 
constance.liu@case.edu
Book Reviews Copyright © 2007 Massachusetts Medical Society.
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corrections

Lapatinib plus Capecitabine for HER2-Positive Advanced Breast 
Cancer (December 28, 2006;355:2733-43). Table 3 (page 2741) 
should have included a footnote for Grade 4 adverse events: “A 
total of 13 grade 4 adverse events occurred among 10 (6%) of 
the patients receiving lapatinib plus capecitabine, and 16 grade 
4 adverse events occurred among 11 (7%) of the patients re-
ceiving capecitabine alone. These differences are not signifi-
cant.” The table has been corrected on the Journal’s Web site at 
www.nejm.org.

Synergistic Copathogens — HIV-1 and HSV-2 (February 22, 
2007;356:854-6). The fourth sentence of the fourth paragraph 
(page 855) should have read “As Nagot et al. show with sam-
pling every 2 weeks, 50% of patients who are coinfected with 
HSV-2 and HIV-1 shed HSV-2 virus asymptomatically” rather 
than “with once-weekly sampling.” The text has been correct-
ed on the Journal’s Web site at www.nejm.org.

notices

Notices submitted for publication should contain a mailing 
address and telephone number of a contact person or depart-
ment. We regret that we are unable to publish all notices 
received. Notices also appear on the Journal’s Web site 
(www.nejm.org/meetings). The listings can be viewed in 
their entirety or searched by location, month, or key word.

PRIMARY CARE NETWORK
The following conferences will be held: “Best Practices in 

Primary Care” (Anaheim, CA, April 12 and 13; Detroit, April 13 
and 14; Baltimore, April 20 and 21; Ft. Lauderdale, FL, April 20 
and 21; Seattle, June 8 and 9; San Francisco, June 8 and 9; At-
lanta, June 15 and 16; Chicago, June 15 and 16; Houston, June 
22 and 23) and “Best Practices in Pediatrics” (Boston, April 27; 
San Diego, CA, April 28; Washington, DC, May 12; Philadel-
phia, May 19; Stamford, CT, June 2).

Contact Primary Care Network, 3805 S. Kansas Express, 
Springfield, MO 65807; or call (877) 594-1770; or see http://
www.primarycarenet.org/bp_primarycare.html or http://www.
primarycarenet.org/bp_pediatrics.html, respectively.

4TH ANNUAL ADVANCED INITIATIVES IN MEDICAL 
SIMULATION CONFERENCE AND EXHIBITION

The conference will be held in Silver Spring, MD, on May 8; 
the exhibition will be held in Washington, DC, on May 9.

Contact Advanced Initiatives in Medical Simulation, 1301  
K St., NW, Washington, DC 20005; or call (202) 230-5091; or  
e-mail info@medsim.org; or see http://www.medsim.org.

TEACHING RESEARCH ETHICS
The 14th annual workshop will be held in Bloomington, IN, 

May 15–18.
Contact Glenda Murray, Poynter Center, Indiana University, 

618 E. Third St., Bloomington, IN 47405-3602; or call (812) 
855-0262; or fax (812) 855-3315; or e-mail glmurray@indiana.
edu; or see http://poynter.indiana.edu/tre.

1ST AMERICAN COUGH CONFERENCE
The conference will be held in New York, June 8 and 9.
Contact Jenny Mauk, SRxA Institute for Professional Educa-

tion, 1000 Potomac St., NW, Suite 151, Washington, DC 20007; 
or call (202) 965-2288; or e-mail jmauk@srxa.com.

BRAIN ATTACK! ’07
The conference, subtitled “A State-of-the-Art Symposium on 

Stroke Management,” will be held in Beverly Hills, CA, on May 
19.

Contact Office of CME, David Geffen School of Medicine at 
UCLA, 10920 Wilshire Blvd., Suite 1060, Los Angeles, CA 
90024-6512; or call (310) 794-2620; or e-mail eayala@mednet.
ucla.edu; or see http://www.cme.ucla.edu.

EUROPEAN SOCIETY FOR ORAL LASER APPLICATIONS
The “4th ESOLA Laser Congress” will be held in Bruges, 

Belgium, May 16–19.
Contact Vienna Medical Academy, Alser Strasse 4, 1090 Vi-

enna, Austria; or call (43) 1 405 13 83-14; or fax (43) 1 407 82 
74; or e-mail esola2007@medacad.org; or see http://www.esola.
at.

TRAUMA CONFERENCE
The “1st Joint Congress” of the European Association for 

Trauma and Emergency Society and the European Trauma So-
ciety will be held in Graz, Austria, May 23–26.

Contact Mondial Congress, Operngasse 20b, A-1040 Vienna, 
Austria; or call (43) 1 588 04-0; or fax (43) 1 588 04-185; or  
e-mail eates2007@mondial-congress.com; or see http://www.
eurotrauma2007.com.

THOMAS L. PETTY ASPEN LUNG CONFERENCE
The 50th annual meeting, entitled “Lung Injury and Re-

pair,” will be held in Aspen, CO, June 6–9.
Contact Dr. David W.H. Riches, c/o Jeanne Cleary, Thomas 

L. Petty Aspen Lung Conference, Box C272, 4200 E. 9th Ave., 
Denver, CO 80262; or call (303) 315-7767 or (303) 752-2681; or 
fax (303) 752-2678; or e-mail jeanne.cleary@uchsc.edu; or see 
http://www.aspenlungconference.org.

ATRIAL FIBRILLATION
The online symposium will be conducted by the Interna-

tional Society for Holter and Noninvasive Electrocardiology, 
April 1–30. See http://www.af-symposium.org or http://www.
ishne.org.

ARORA BOARD REVIEW
The following courses will be offered: “Recertification in 

Internal Medicine” (Livingston, NJ, April 13–15, Sept. 8–10); 
“Unusual Board Review” (East Rutherford, NJ, June 11–16); 
and “Crash Course for Certification in Internal Medicine” 
(East Rutherford, NJ, Aug. 4 and 5).

Contact Dr. R.K. Arora, 389 E. Mount Pleasant Ave., Living-
ston, NJ 07039; or call (973) 994-3203; or e-mail boardreview@
comcast.net; or see http://www.aroraboardreview.com.

NORTH AMERICAN CLINICAL DERMATOLOGIC SOCIETY
The “48th Annual Meeting” will be held in Shanghai and 

Beijing, China, April 14–28.
Contact Dr. Judith Koperski, North American Clinical Der-

matologic Society, 9850 Genesee Ave., Suite 530, La Jolla, CA 
92037; or call (858) 558-0677; or fax (858) 558-3077; or e-mail 
jakoperski@yahoo.com; or see http://www.nacds.com.

UNIVERSITY OF TORONTO
The following courses and conferences will be held in To-

ronto: “Neurovascular Dysfunction in Diabetes: the Eye as 
Window” (April 14); “7th Annual Toronto Breast Surgery Sym-
posium” (May 3); “37th Annual Aesthetic Plastic Surgery Sym-
posium” (May 4 and 5); and “33rd Annual Toronto Thoracic 
Surgery Refresher Course” (June 1 and 2).

Contact Office of Continuing Education and Professional 
Development, Faculty of Medicine, University of Toronto, 500 
University Ave., Suite 650, Toronto, ON M5G 1V7, Canada; or 
call (888) 512-8173 or (416) 978-2719; or fax (416) 946-7028; or  
e-mail ce.med@utoronto.ca; or see http://www.cme.utoronto.
ca.
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