
0

0
h

The American Journal of Surgery (2013) 205, 64–70
Clinical Science

Reconstruction of total pelvic exenteration defects with
rectus abdominus myocutaneous flaps versus
primary closure
Ravi J. Chokshi, M.D.*, Maureen P. Kuhrt, M.D., David Arrese, M.D.,
Edward W. Martin, Jr., M.D.

Division of Surgical Oncology, Department of Surgery, Arthur G. James Cancer Hospital and Richard J. Solove Research
Institute and Comprehensive Cancer Center, Wexner Medical Center, The Ohio State University, 320 W 10th Ave, M256

Starling Loving Hall, Columbus, OH 43210, USA
Abstract
BACKGROUND: Total pelvic exenteration (TPE) is reserved for patients with locally invasive and

recurrent pelvic malignancies. Complications such as wound infections, dehiscence, hernias, abscesses,
and fistulas are common after this procedure. The purpose of this study was to determine whether tissue
transfer to the pelvis after TPE decreases wound complications.

METHODS: Fifty-three patients who underwent TPE between 2004 and 2010 were reviewed. Two
groups were identified, those who underwent pelvic reconstruction with a vertical rectus abdominus
myocutaneous flap (n � 17) and those who underwent primary closure (n � 36). Demographics,
clinicopathologic characteristics, and outcomes were compared.

RESULTS: The 2 groups were similar in demographics and histopathologic characteristics. Preop-
erative and surgical factors including comorbidities, nutrition, radiation, surgical times, blood loss,
length of stay, and complications were similar between the groups. Of the 17 patients undergoing
vertical rectus abdominus myocutaneous flap placement, complications were seen in 11 patients (65%),
with most of them stemming from flap dehiscence (n � 7).

CONCLUSIONS: In our study, the transfer of tissue into the pelvis did not increase surgical times,
blood loss, length of stay, or wound complications.
© 2013 Elsevier Inc. All rights reserved.
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Total pelvic exenteration (TPE) is a radical surgery that has
been applied to the treatment of varying pelvic malignancies.
Most often performed for gynecologic malignancies, its use has
been documented in colorectal and urologic malignancies.1,2 This
surgery also is used for recurrences of disease and complications
secondary to radiation therapy. Since its description by
Brunschwig3 in 1948, advancements in anesthesia, surgical tech-
ology, and perioperative care have decreased the mortality asso-
iated with TPE, but morbidity rates remain persistently high. The
orbidity of this procedure stems from the normal physiological

esponse to a prolonged surgery, as well as from patients’ previous

herapies, nutritional status, and extent of resection.
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TPE is a consideration for patients with locally ad-
vanced disease with a potential for cure, metastatic
disease with pelvic symptomatology, and nonhealing
wounds causing significant morbidity and affecting qual-
ity of life. With this in mind, the goal of a TPE is to
attempt to cure when the disease is localized to the pelvis
and to palliate in all the other cases when other therapies
have failed. Despite this aggressive therapy, the 5-year
survival rates after total pelvic exenteration for primary
disease range from 30% to 77%1,4 –11 and for recurrent
disease range from 6% to 31%.1,6,7,12,13 In addition to

oor overall survival, morbidity rates have been as high
s 78% in some series.1,4 – 6,8,10,11,13–18

The treatment effect of therapies directed toward cure or
palliation of pelvic carcinomas is many times toxic and can
cause multiple complications. The example of radiation
therapy to the pelvis shows this balance. Radiation therapy
is helpful for local control of many of the pelvic carcinomas,
whether preoperatively, intraoperatively, or postoperatively.
However, adverse effects on healing can cause significant
morbidity for patients.15,19 Jakowatz et al15 found that pa-
ients receiving pelvic radiation before exenteration had a
ignificantly higher complication rate (67%) compared with
hose who did not receive radiation (26%). Colorectal, plas-
ic surgical, and gynecologic literature have shown that use
f myocutaneous flaps can provide well-vascularized, non-
rradiated, healthy tissue to aid in the closure of the
erineum after radiation and surgical resection.20–32 The
ata have focused mainly on less radical surgeries that
reate smaller defects, such as abdominoperineal resections
APR) and vaginal resections.21–25,27–32 However, few re-

ports discuss the role of myocutaneous flaps for larger
multivisceral resections.20,26–28 This study specifically
ompares patients undergoing total pelvic exenteration with
yocutaneous flap reconstruction with patients undergoing

otal pelvic exenteration with primary closure (PC). The
urpose of this study was to review our institution’s expe-
ience with the use of vertical rectus abdominus myocuta-
eous (VRAM) flaps in conjunction with TPE to determine
f its use decreased wound complications when compared
ith primary closure.

Methods

Between January 2004 and August 2010, there were 53
patients who underwent TPE at our institution for advanced
primary, recurrent, or suspected pelvic malignancies. Com-
plete information and long-term follow-up evaluation were
available for all patients. After obtaining permission from
The Ohio State University Institutional Review Board, we
retrospectively reviewed the medical records of these pa-
tients.

Demographics, periprocedural events, and outcomes
were compared between the TPE patients undergoing re-

construction with a VRAM flap and those undergoing stan- f
dard PC. Selection of patients for the VRAM group was
based on the absence of bilateral abdominal wall violation
from the placement of previous ostomies and the presence
of patent inferior epigastric vessels on preoperative evalu-
ation. Demographic data included age, sex, and comorbidi-
ties. Significant comorbidities included factors that affected
healing such as diabetes mellitus (DM), peripheral vascular
disease, hypertension, chronic obstructive pulmonary disor-
der, chronic corticosteroid use, and presence of renal insuf-
ficiency.

Preoperative factors such as previous chemotherapy,
presence of fistulas, albumin levels, and radiation therapy
were included in the analysis. Overall morbidity was de-
fined as complications related to wound infection, wound
dehiscence, abscess formation, enteric fistulas, deep venous
thrombosis, urinary tract infection, small-bowel obstruction,
and ventral hernia formation. Outcomes data focused on
surgical times, length of stay, morbidity, and mortality.
Surgical and pathology reports were reviewed to analyze
surgical times and blood loss, and to confirm pathologic
diagnosis.

Descriptive statistics were calculated to summarize the
data. Comparisons of continuous variables were made by
the Student t test for paired groups and a nonparametric
lternative (Wilcoxon rank-sum test) for data not distributed
ormally. For discrete data, contingency table analysis (chi-
quare and the Fisher exact test) was used when appropriate.
tatistical significance was accepted at a P value of less than

05 and analysis was performed with SPSS statistics 17.0
SPSS, Inc, Chicago, IL).

Techniques

All patients underwent a preoperative computed axial
tomography with intravenous contrast to verify the patency
of the inferior epigastric vessels. Preoperative marking
identified the area of planned VRAM flap harvest and con-
firmed the location of ostomy placement on the contralateral
rectus abdominus muscle.

After TPE was performed, fecal and urinary diversion
was performed via the construction of a double-barreled wet
colostomy33,34 or an ileal conduit.35 The vertical rectus
bdominus myocutaneous flap then was raised. A rectangu-
ar skin paddle was centered over the rectus muscle in a
ertical fashion, generally measuring 15 to 20 cm in length
nd 5 to 8 cm in width. The skin and subcutaneous tissues
ere dissected to the level of the anterior rectus sheath. The

ubcutaneous tissues then were dissected away from the
ascia until the medial and lateral rows of perforating ves-
els entering the deep surface of the skin paddle were
dentified. Fascial preservation was the preferred method
nd entailed sacrificing the less dominant row of perfora-
ors. Such methodology allowed for lower tension closure
f the anterior rectus fascia after the flap was harvested. The

ascia then was divided and the rectus muscle was divided
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cephalad to the perforating vessels and raised from the
posterior sheath toward its insertion at the pubis (Fig. 1).36

The flap then was rotated into the pelvic defect (Fig. 2).

Results

Fifty-three patients underwent TPE; 17 patients (32%)
underwent a VRAM flap for pelvic reconstruction and 36
patients (68%) underwent PC. The median age of the pa-

Figure 1 Vertical rectus abdominus flap harvest with a dou

Figure 2 The VRAM flap is rotated into the pelvic defect create

kin surrounding the perineal defect.
tients in the flap group was 62 years (range, 38–72 y) and
55 years (range, 40–80 y) in the standard primary closure
group. The 2 groups were similar in terms of demographics,
preoperative serum albumin levels, and the administration
of preoperative radiation therapy (Table 1). The mean du-
ration of follow-up evaluation was 11.5 months. The dura-
tion of the follow-up period ranged from 1 to 60 months.

The mean surgical times were 601 � 165 minutes for the
VRAM group and 530 � 136 minutes for the PC group
(P � .11). The mean length of stay was 19 � 7 days for

rreled wet colostomy brought through the contralateral side.

the total pelvic exenteration so the flap skin can be sutured to the
d from



67R.J. Chokshi et al. Total pelvic exenteration
VRAM patients and 16 � 11.7 days for patients with pri-
mary closure (P � .33). The most common pathology en-
countered in patients undergoing TPE was advanced or
recurrent colorectal cancer (n � 36; 68%). Other patholo-
gies included gynecologic (n � 6; 11%), urologic (n � 5;
9%), sarcomatous (n � 3; 6%), and anal (n � 2; 4%)
malignancies, as well as 1 patient with severe infection
(2%).

Thirty-seven (70%) patients underwent preoperative ra-
diation, including 24 (67%) in the PC group and 13 (76%)
in the VRAM group. A majority of patients received pre-
operative radiation at outside institutions and subsequently
were referred to our institution for surgical intervention.
Preoperative radiation doses were available for 23 of the 37
patients. In the VRAM group, the 10 patients for whom data
were available received a mean dose of 5,254 cGy preop-
eratively. Dose data were available for 13 of the 24 patients
in the PC group. They received a mean dose of 5,696 cGy
preoperatively.

Overall complication and perioperative mortality rates
were similar in both groups (Table 2). An examination of
complications directly related to pelvic exenterations was
performed in the VRAM and PC groups. Seven patients
(41%) in the PC cohort and 15 patients (42%) undergoing
VRAM flap reconstruction developed wound infections
(P � .77). Superficial abdominal wound dehiscence was
seen in 6 patients (35%) in the VRAM group and in 5
patients (14%) in the PC group (P � .14).

There was no significant difference between the 2 groups
with respect to pelvic and perineal abscesses. Enterocuta-
neous fistulas developed in 3 patients (18%) in the VRAM
group and 1 (31%) in the primary closure group. Two
patients (12%) undergoing reconstruction with a flap devel-
oped deep venous thromboses, compared with 6 patients

Table 1 Patient demographics and clinical characteristics
of 53 patients undergoing total pelvic exenteration with PC
or VRAM

Characteristics
PC
(n � 36)

VRAM
(n � 17) P value

Median age, y (range) 55 (40–80) 62 (38–72) .56
Sex, M:F 18:18 3:14 .03
Comorbidities 21 (58%) 8 (47%) .56
Surgical time, min

(�SD)
530 � 136 601 � 165 .11

Estimated blood loss,
L (�SD)

2.4 � 1.8 1.6 � .8 .12

Mean length of stay,
d (� SD)

16 � 11.7 19 � 7 .33

Median preoperative
albumin level, g/dL
(range)

3.7 (1.2–4.6) 3.4 (1.1–4.4) .06

Preoperative radiation
therapy

24 (67%) 13 (76%) .54

Intraoperative
radiation therapy

14 (39%) 6 (35%) 1.0
(17%) undergoing standard closure. There were 14 hernias
in the VRAM group (82%), in comparison with 24 (67%) in
the PC group (Table 2). No perioperative mortality existed
in either group.

A focused examination on flap complications showed
flap loss in 2 patients (12%), 1 of whom required a reop-
eration for repair. Flap dehiscence developed in 7 patients
(58%). Six of these were partial (compromising �50% of
the flap circumference), and 1 patient had a complete de-
hiscence of the flap. The patient with the complete dehis-
cence was treated successfully with a Vacuum Assisted
Closure (Kinetic Concepts, Inc., San Antonio, TX) device
and the patients with partial flap dehiscence were treated
with local wound therapy. Overall, 65% of patients within
the VRAM group had a flap complication (Table 3).

Comments

Large perineal wounds are difficult problems that sur-
geons encounter when caring for patients with locally inva-

Table 2 Outcomes after PC or VRAM flap after total pelvic
exenteration

Complication
PC
(n � 36)

VRAM
(n � 17) P value

Overall 25 (69%) 15 (88%) NS
Abdominal wound

infection
15 (42%) 7 (41%) .77

Abdominal wound
dehiscence

5 (14%) 6 (35%) .14

Perineal abscess 8 (22%) 2 (12%) .47
Pelvic abscess 18 (47%) 8 (47%) 1.0
Enterocutaneous

fistula
11 (31%) 3 (18%) .5

Deep venous
thrombosis

6 (17%) 2 (12%) 1.0

Urinary tract
infection

13 (36%) 3 (18%) .21

Small-bowel
obstruction

8 (22%) 1 (6%) .24

Ventral hernia 24 (67%) 14 (82%) .35
Morbidity 25 (69%) 15 (88%) .18
Mortality 0 (0%) 0 (0%) 1.0

NS � not significant.

Table 3 VRAM flap complications

Complication Number of patients (%)

Flap loss 2 (12)
Epidermolysis 0 (0)
Abdominal wall infection/seroma 0 (0)
Flap dehiscence 7 (58)
Perineal abscesses 2 (12)
Total 11 (65)
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sive or recurrent pelvic malignancies. Previous attempts at
resection and the use of multimodality treatment including
radiation and chemotherapy make further surgical interven-
tions more difficult and extensive. Upon completion of the
surgery, either by way of an abdominoperineal resection or
total pelvic exenteration, the remaining defect poses healing
problems and increased complication rates. Colorectal and
plastic surgery literature have shown that the use of well-
vascularized, nonirradiated tissue can fill the defect that is
present after an APR or vaginectomy and provide healthy
tissue to promote healing.20–32 Defect sizes after these pro-
edures have not been described consistently and the max-
mum extent of a defect size that can be reconstructed
uccessfully with transfer of tissue is not clear in the liter-
ture. To a lesser degree, the focus of how tissue affects
arger defects has been addressed by certain investiga-
ors.15,20,26-28 Khoo et al20 found that after preoperative

radiation, the use of immediate tissue transfer for pelvic
defects after both APR and multivisceral resection signifi-
cantly improved morbidity compared with those patients
who underwent primary closure. Similarly, the series by
Jakowatz et al15 showed about half as many complications
n patients who underwent preoperative radiation and pelvic
econstruction after anterior, posterior, and complete pelvic
xenteration compared with those who did not undergo
econstruction. However, various methods of reconstruc-
ion—omental, colonic advancement, and myocutaneous
aps—were used and it was not specified which method
as used or which type of exenteration was performed in

ach case, making this difficult to interpret for comparison.
Our patient population varied from other series in that

everal malignancies that required TPE were examined,
ot just colorectal cancer. Each malignancy had a different
umor biology, some more aggressive than others, and most
resented with advanced disease. The surgeries were coor-
inated by the division of surgical oncology with assistance
rom the divisions of gynecologic oncology and urology,
epending on the referral pattern. A majority of these cases
ere performed by a single surgical oncologist with assis-

ance from both plastic surgery and gynecologic oncology
eams for myocutaneous flap placement. During the fifth
ear of the study period, the introduction of highly skilled
lastic surgery faculty members that focused on oncologic
econstruction and chronically draining wounds changed the
anner in which these defects had been addressed. The

lastic surgery department further expanded the following
ear, and all patients are now evaluated for flap placement
s long as their rectus muscles are intact and have had no
revious surgical manipulation.

In our series, the most common pathology in patients
ndergoing TPE was locally advanced or recurrent colorec-
al cancer (n � 36; 68%). Other indications for TPE in-
luded gynecologic, urologic, sarcomatous, and anal malig-
ancies, as well as severe infection. With this variation in

istology it is difficult to ascertain whether complications m
rise from treatment therapies, tumor biology, or from tech-
ical considerations.

The administration of neoadjuvant chemoradiation ther-
py is one of the most important factors affecting wound
ealing. Radiation therapy, by direct or indirect ionization,
argets rapidly dividing cells in both normal and cancerous
issues. This leads to unstable bonds within the tissue, ulti-
ately hampering the regenerative process and affecting
ound healing. Bullard et al37 described 160 patients who
nderwent an APR with primary closure of the wound over
14-year period. Of these, 117 patients received preopera-

ive radiation therapy. The patients who received preoper-
tive radiation showed an overall wound complication rate
f 41%, which was significantly higher than in the patients
ot undergoing preoperative treatment. In our study, 37
atients (70%) underwent preoperative radiation therapy
nd 20 (38%) underwent intraoperative radiation therapy.
RAM and PC patients did not statistically differ in the
ercentage of patients undergoing radiation therapy. How-
ver, the large number of patients receiving preoperative
adiation therapy coupled with larger defects may provide
nsight as to why our complication rates overall and with
RAM flap placement are so high.
Preoperative conditions and technical issues play a role

n healing and decreasing surgical complications. Our co-
ort of patients had significant underlying comorbidities
elated to healing. Four patients in the VRAM group had
hronic steroid use and 1 patient had DM. In the PC group,
here were 4 patients with DM and only 1 patient using
teroids chronically. The presence of these comorbidities
nd others could impair further wound healing in a previ-
usly irradiated area.

Our study showed overall complication rates of 69% in
C patients and 88% in VRAM patients. In our cohort, we

ncluded any complication that caused an increase in hos-
ital length of stay, interventions, or administration of fur-
her care outside of normal to treat an underlying problem
ssociated with the surgery. As seen with our wide criteria
or complications, morbidity related to VRAM flap place-
ent in the pelvis was investigated in a similar manner. Any

omplication relating to the abdominal wall, pelvis,
erineum, and flap location was designated a morbidity. By
ggressively searching for complications, we likely overes-
imated overall complications. This could explain the dis-
repancy seen in complication rates when compared with
ther series. Overall complication rates after VRAM flap
lacement range from 22% to 72%,23,26–32 although some
tudies did not characterize morbidities other than those
elated to the flap donor site or recipient site. Our VRAM
roup showed an overall flap complication rate of 65%.

The most common postoperative complications included
ound infections, wound dehiscence, hernias, abscesses,

nd fistulas, all of which are challenging to manage in this
atient population. Perineal complications are some of the

ost difficult, with chronic abscesses, draining wounds, and



e
T
5
n
g
s
l
d
n
m
i
p

e
f

V
a
o
s
t
c
W
t
s
f
p
l
c
fl
p
c
s
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fistulization to the perineum accounting for the main
sources of patients’ discomfort and complaints.

Abdominal wound complications were seen commonly
in patients undergoing TPE. The prolonged surgical time,
traction on tissues, and number of repeat laparotomies may
be predisposing factors for developing these complications.
However, our analysis revealed that an equal number ex-
isted between the groups. All wound infections were treated
by opening the wound and aggressive local management.
None of the wound infections required surgical interven-
tion.

Development of abscesses comprised a significant per-
centage of the morbidity suffered in this overall cohort;
however, there were no significant differences between the
VRAM and PC groups with respect to rates of pelvic and
perineal abscess formation. Inadvertent enterotomies, radi-
ation damage to bowel preventing healing, multiple bowel
resections, and technical considerations may have led to the
development of these complications. All pelvic abscesses
were treated with radiographic-guided percutaneous cathe-
ters and antibiotics. None required surgical intervention.
Perineal abscesses were treated with local incision and
drainage with aggressive wound care management.

The percentage of deep venous thromboses seen in our
population were similar to those described in patients un-
dergoing pelvic surgery.22,38 The prolonged surgical time as
well as patient positioning likely factor into their develop-
ment. However, in our cohort the incidence between the 2
groups was similar.

The size of the defects in TPE patients is significantly
larger than that seen in APR patients, although not reported
consistently or systematically in the literature. A study by
Glatt et al39 investigated VRAM flap reconstruction of large
defects created by partial sacrectomy in a series of 12
patients followed up over a 14-year period. It analyzed the
efficacy of the procedure and outcomes, with a main focus
on the presence of flap necrosis as a complication. Twenty-
five percent of these patients developed flap necrosis, of
which 66% required debridement. However, in the discus-
sion of outcomes, wound infections, abscesses, dehiscence,
and ventral hernias were not included as potential morbid-
ities.

Buchel et al21 thoroughly discussed complications pres-
nt in the use of VRAM flaps for pelvic reconstruction.
heir group retrospectively reviewed 73 patients over a
-year period who underwent reconstruction to treat peri-
eal wounds caused by surgery for various pelvic patholo-
ies, most of which were anorectal carcinomas. Their data
howed a complication rate of 22%, which consisted of flap
oss, epidermolysis, abdominal wall infection/seroma, flap
ehiscence, pelvic abscess, retained drain, and internal her-
ia. Despite these complications, the use of nonirradiated
uscle bulk and skin to irradiated defects has a clear benefit

n wound healing. We hypothesize the same is true for our

atient population after TPE, but our study was underpow-
red to show any clear advantage of the use of VRAM flaps
or reconstruction of pelvic defects.

This study suggests that at our institution the use of
RAM flaps for closure of pelvic defects after TPE is not

ssociated with increased surgical time, blood loss, length
f stay, or wound complications. The limitations of this
tudy include the disadvantages associated with a retrospec-
ive study, the small sample size, samples that were not
ase-matched, and the inability to establish cause and effect.
e hoped to show decreased wound complications after

issue transfer in TPE patients, similar to what has been
hown in the colorectal literature. However, the larger de-
ects compared with abdominoperineal resection, varying
athologies, and multiple previous surgeries in our cohort
ikely contributed to the overall higher rate of complications
ompared with other series of patients undergoing VRAM
ap reconstruction. Future studies will randomize patients
rospectively and follow their outcomes to draw definitive
onclusions about the benefits, if any, of VRAM flap recon-
truction in patients undergoing total pelvic exenteration.
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