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Objective
To determine the incidence of small bowel obstruction (SBO),
to identify risk factors for its development, and to determine
the most common sites of adhesions causing SBO in patients
undergoing ileal pouch–anal anastomosis (IPAA).

Methods
All patients undergoing IPAA at Mount Sinai Hospital were
included. Data were obtained from the institution’s database,
patient charts, and a mailed questionnaire. SBO was based
on clinical, radiologic, and surgical findings. Early SBO was
defined as a hospital stay greater than 10 or 14 days because
of delayed bowel function, or need for reoperation or readmis-
sion for SBO within 30 days. All patients readmitted after 30
days with a discharge diagnosis of SBO were considered to
have late SBO.

Results
Between 1981 and 1999, 1,178 patients underwent IPAA
(664 men, 514 women; mean age 40.7 years). A total of 351

episodes of SBO were documented in 272 (23%) patients
during a mean follow-up of 8.7 years (mean 1.29 episodes/
patient). Fifty-four patients had more than one SBO. One hun-
dred fifty-four (44%) of the SBOs occurred in the first 30 days;
197 (56%) were late SBOs. The cumulative risk of SBO was
8.7% at 30 days, 18.1% at 1 year, 26.7% at 5 years, and
31.4% at 10 years. The need for surgery for SBO was 0.8%
at 30 days, 2.7% at 1 year, 6.7% at 5 years, and 7.5% at 10
years. In patients requiring laparotomy, the obstruction was
most commonly due to pelvic adhesions (32%), followed by
adhesions at the ileostomy closure site (21%). A multivariate
analysis showed that when only late SBOs were considered,
performance of a diverting ileostomy and pouch reconstruc-
tion both led to a significantly higher risk of SBO.

Conclusions
The risk of SBO after IPAA is high, although most do not re-
quire surgical intervention. Thus, strategies that reduce the
risk of adhesions are warranted in this group of patients to
improve patient outcome and decrease healthcare costs.

Postoperative adhesions form as a result of trauma to the
peritoneum and the ensuing biochemical and cellular re-
sponse that occurs in an attempt to repair the peritoneal
surface.1 Intraabdominal adhesions develop in virtually all
patients undergoing major abdominal and pelvic proce-
dures.2,3 Although adhesions do have beneficial effects,
they are also the primary cause of small bowel obstructions
(SBOs) after abdominal surgery. Not only do they cause a

considerable number of complications and deaths, but the
healthcare costs required to deal with these issues are also
considerable.4,5

The rate of SBO after abdominal and pelvic surgery
varies considerably, depending mainly on the magnitude of
the surgical procedure, the development of postoperative
complications, and the length of follow-up. For instance, the
risk of SBO has been reported to be 1% to 10% after
appendectomy,6,7 6.4% after open cholecystectomy,7 and
10% to 25% after intestinal surgery.8,9 The risk of SBO after
gynecologic procedures has been reported to be 0.3% for
benign conditions without hysterectomy,10 2% to 3% after
hysterectomy,10,11 and as high as 5% after radical
hysterectomy.12

The ileal pouch–anal anastomosis (IPAA) has become the
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procedure of choice for patients with ulcerative colitis re-
quiring surgery, as well as for selected patients with familial
polyposis and other conditions. Patients who undergo IPAA
may be at particularly high risk for the development of SBO
because of the combined abdominal and pelvic dissection,
the need for multiple operations, and possibly a higher
septic complication rate than that of less complex proce-
dures. The reported rate of SBO after IPAA has varied
between 13% and 35% in various studies.13–26 However,
these studies have been limited by retrospective design,
small numbers, and short and/or incomplete follow-up and
have not been analyzed actuarially. Further, changes in
surgical technique have been made and the impact of these
modifications has not been assessed.

Thus, the purposes of this study were to determine the
magnitude of the risk of SBO after IPAA in a large cohort
of patients followed up prospectively, to identify perioper-
ative risk factors that increase the likelihood of postopera-
tive SBO, to identify the frequency that surgical interven-
tion will be required to treat SBO, and to determine the
specific locations of adhesions that most frequently cause
SBO.

Knowledge of the magnitude of the risk of SBO and of
the particular sites of adhesions causing obstruction is nec-
essary to evaluate the need for and optimization of strategies
to prevent postoperative adhesions and SBO.

METHODS

All patients who underwent IPAA at Mount Sinai Hos-
pital between 1981 and September 1999 were identified
using the institution’s database. All data regarding the sur-
gery and follow-up were collected prospectively. In addi-
tion, a mailed questionnaire was sent to all patients in case
additional admissions for SBO occurred at other hospitals.
Discharge summaries and operative reports from outside
hospitals were obtained to verify information reported on
the questionnaires. In all patients in whom SBO developed,
charts were reviewed to determine the cause, management,
and outcome. For those who required laparotomy, the op-
erative note was reviewed to determine the cause of ob-
struction. For those SBOs found to be due to adhesions, the
site of the adhesions that caused the SBO was recorded.

Data were collected for age, sex, preoperative diagnosis,
whether colectomy was performed before or in conjunction
with the pelvic pouch, use of a diverting ileostomy at the
time of IPAA construction, anastomotic leakage, need for
pouch reconstruction, and the occurrence of early or late
SBO.

The diagnosis of SBO was based on the history, physical
examination, and abdominal radiographic findings. At least
two of three signs of SBO (absence of passage of flatus/
acute constipation, high-pitched bowel sounds, air–fluid
levels on radiography) had to be present.

Early SBO was defined as a postoperative hospital stay
greater than 14 days after the IPAA, or 10 days after closure

of ileostomy, because of delayed bowel function, when no
other cause for delayed bowel function could be identified;
or if a patient was readmitted or required reoperation for an
obstruction occurring within 30 days of the surgery. Late
obstructions were those occurring more than 30 days after
the pelvic pouch procedure or ileostomy closure.

Statistical Analysis

All data were entered into the Mount Sinai Hospital IBD
database using Access software (Microsoft, Redmond,
WA). The data were analyzed using SAS software (SAS
Institute Inc., Cary, NC). Data are presented as proportions
or means plus or minus standard deviation. Differences
were tested using chi-square or Student t test. The risk of
SBO and the need for surgical intervention for SBO over
time were calculated using the product-limit method of
Kaplan and Meier. Confidence intervals (95% CI) were
constructed using the Greenwood formula for standard er-
ror.27 The Cox proportional hazards model28 was used for
all multivariate models. Probability values for each variable
in the model were calculated from the Wald chi-square test.
Factors analyzed included prior subtotal colectomy, use of a
diverting-loop ileostomy, occurrence of an anastomotic leak
(pouch or ileoanal), and the need for pouch reconstruction.
Pouch reconstruction was defined as combined abdominal
and perineal approach with or without construction of a new
pouch. A loop ileostomy was always performed in conjunc-
tion with the procedure. In addition, the occurrence of an
early SBO was analyzed as a risk factor for subsequent late
SBO.

RESULTS

A total of 1,178 patients underwent IPAA at Mount Sinai
Hospital between 1981 and 1999. Their demographic and
clinical details are shown in Table 1. Most of the patients
had ulcerative colitis, about half had their colectomy per-
formed before the IPAA, and approximately two thirds had
a diverting-loop ileostomy. Sixteen patients died during
follow-up; no deaths were related to SBO. Ninety-six pa-
tients were lost to follow-up before 1999, and data on these
patients were included until the date of their last admission
or follow-up visit. The questionnaire was returned by 83%

Table 1. PATIENT CHARACTERISTICS

Total number of patients 1,178
Diagnosis

Ulcerative colitis 1,056
Familial polyposis 66
Other 56

Mean current age (years) 40.7
Mean follow-up (years) 8.7
Males:females 664:514
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of patients. The mean follow-up of the cohort was 8.7 � 4.8
years.

A total of 351 episodes of SBO were documented in 272
patients during follow-up (Table 2). Early SBO occurred in
145 patients and accounted for 43.9% of all episodes. Of
these, only eight (5.2%) required laparotomy. The cause
was adhesions in six and internal hernia or volvulus in two.
A total of 197 episodes of late SBO occurred in 149 patients
(average 1.3 episodes/patient). Of these, 72 (36.5%) re-
quired laparotomy. Adhesions were the cause of the SBO in
65 (90.3%) of the 72 patients.

The cumulative risk of SBO and the need for surgical
intervention for SBO after IPAA are shown in Figure 1. The
risk of SBO was 8.7% (95% CI 7.1–10.2) at 30 days, 18.1%
(95% CI 15.9–20.3) at 1 year, 26.7% (95% CI 24.1–29.3) at
5 years, and 31.4% (95% CI 28.4–34.4) at 10 years. The
need for surgical intervention was 0.8% (95% CI 0.3–1.3) at
30 days, 2.6% (95% CI 1.8–3.7) at 1 year, 5.4% (95% CI
5.2–8.2) at 5 years, and 7.5% (95% CI 5.8–8.2) at 10 years.

There were 134 episodes of early SBO in the 790 patients
who had their IPAA defunctioned with an ileostomy. Forty-
four of these occurred after closure of the ileostomy. Thus,
90 of 790 (11.4%) patients had an early SBO after IPAA
with an ileostomy, compared with 20 of 383 (5.2%) (P �
.001) after IPAA with no ileostomy.

The risk for late SBO when all early obstructions were

excluded is shown in Figure 2. The risk of late SBO was
6.4% (95% CI 5.0–7.8) at 1 year, 14.5% (95% CI 12.4–
16.6) at 5 years, and 19.2% (95% CI 16.5–21.9) at 10 years.
Of the patients who developed a late SBO, 23.5% developed
another SBO and 4.8% required surgery for SBO. For those
who required laparotomy and lysis of adhesions for SBO,
the risk of recurrent SBO was 21%, and the risk of requiring
another laparotomy for recurrent SBO was 5%.

Construction of an ileostomy at the time of the pelvic
pouch procedure and pouch reconstruction were associated
with a significantly increased risk of late SBO (Table 3).
Previous subtotal colectomy and the occurrence of an ileo-
anal anastomotic leak were associated with a decreased risk
of SBO, especially in the early postoperative period, when
the risk of SBO was significantly decreased. For patients
who had developed early SBO, the risk of subsequent SBO
was not significantly increased, having a hazard ratio of
only 1.09 (Table 4).

Two hundred seventy-one of the 351 episodes of SBO
were treated without surgery; 80 patients required laparot-
omy. Adhesions were the cause of the obstruction in 71
(89%) of the 80 patients (Table 5). Of the 71 patients who
were found to have an adhesional SBO at laparotomy, the
site of the obstruction is shown in Figure 3. Adhesions
between the small bowel and the pelvis or the prior ileos-
tomy site were the most common findings in these patients,
accounting for more than 50% of the adhesive obstructions.

Table 2. DETAILS OF SMALL BOWEL
OBSTRUCTION (SBO)

Number of patients with SBO 272
Number with more than one SBO 54
Total number of episodes of SBO 351

Early SBO 154
Early SBO requiring laparotomy 8

Late SBO 197
Late SBO requiring laparotomy 72

Figure 1. Overall risk of small bowel obstruction and risk of need for
surgical treatment of small bowel obstruction after IPAA.

Figure 2. Risk of small bowel obstruction, excluding all early obstruc-
tions, after IPAA.

Table 3. MULTIVARIATE ANALYSIS OF
RISK FACTORS FOR THE DEVELOPMENT

OF SMALL BOWEL OBSTRUCTION

Risk Factor
Hazard
Ratio

P
Value

Reconstruction of ileoanal anastomosis 1.62 .09
Diverting ileostomy 1.23 .15
Prior colectomy 0.73 .007
Anastomotic leak 0.55 .003
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DISCUSSION

Small bowel obstruction is a common complication after
major abdominal surgery. The risk of SBO has been re-
ported to be 1% to 10% after appendectomy,6,7 6.4% after
open cholecystectomy,7 and 10% to 25% after intestinal
surgery.8,9 The risk of SBO after gynecologic procedures
seems lower. Rates of 0.3% for benign conditions without
hysterectomy,10 2% to 3% after hysterectomy,10,11 5% after
radical hysterectomy,12 20% after radical hysterectomy and
radiation,12 and 7.5% after pelvic exenteration29,30 have
been reported. However, these studies are retrospective,
lack long-term follow-up, and may suffer from underreport-
ing because there was no mechanism to trace patients who
would have sought care by general surgeons at other insti-
tutions; in the report by Orr et al30 looking at pelvic exen-
teration, only those SBOs requiring surgical management
were recorded.

The reported risk of SBO after IPAA in previous studies
ranged from 13% to 35% (Table 6).13,15–17,19–26,31 The
largest study was by Fazio et al at the Cleveland Clinic.26

Their study included a large cohort of 1,008 patients and the
overall risk of SBO was 25.3%, with a 7.5% risk of early
SBO. However, the data were complete in only 645 patients,
criteria for SBO were not defined, and the median follow-up
was only 2.3 years. In addition, the data were not analyzed
actuarially. The Mayo Clinic24 reported rates of 17% over-
all, with a surgical risk of 7.5% in 626 patients, with a short
mean follow-up of 2.3 years. They found that those with a
Brooke ileostomy had a higher risk of SBO than those with
a loop ileostomy, and those with previous operations were at
higher risk than those who had no prior surgery. The Lahey
Clinic23 analyzed 460 patients with a median follow-up of 3
years. The overall risk of SBO was 20%, with 7% requiring
surgery. Stomal rotation was the only independent risk

factor for subsequent SBO. In our cohort, early SBO oc-
curred in 15% of patients. This high rate may be in part due
to the criteria used to define SBO. Early SBO was defined
as a hospital stay of greater than 14 days after IPAA or 10
days after ileostomy closure, solely because of delayed
bowel function. In our series, the median length of stay for
all patients after IPAA was 10 days, and 5 days after
ileostomy closure. Thus, the postoperative stays chosen in
our definitions were clearly abnormal, and every effort to
distinguish ileus from obstruction was made by excluding
patients in whom another cause of delayed bowel function
was found. In doing so, however, some patients may have
been excluded who did have obstruction, and vice versa.

When early obstructions, which are probably most often
due to the ileostomy or postoperative edema, were ex-
cluded, the rate of postoperative obstruction (late SBO) was
only 16.8%. Of those patients who developed one late SBO,
the risk of having a second obstruction was 23.5%. The
latter is on the lower end of the spectrum of previous
reports. For instance, Barkan et al32 reported a recurrence
rate of 53% after an initial episode of SBO and 85% or more
after a second, third, or later episode. Further, in our series
of patients who developed an obstruction, the risk of subse-
quently requiring surgery for a later SBO was only 4.8%,
suggesting that the initial nonoperative therapy is warranted.

The use of a diverting ileostomy was associated with an
increased risk of SBO. This was true for both early and late
obstructions. Possible reasons for this are that the small
bowel might rotate around the ileostomy, and after closure
adhesions may occur at this site, possibly as a result of
difficulties in fully mobilizing the ileostomy. Several other
studies23,24,31 have also shown ileostomy to be a risk factor
for the development of SBO. Although construction of an
ileostomy is associated with an increased risk of SBO, a
leak from the ileoanal anastomosis can cause significant
complications and is still the most significant complication
leading to pouch failure. In some situations, it may be safe

Figure 3. Location of adhesions found at laparotomy.

Table 4. MULTIVARIATE ANALYSIS OF
RISK FACTORS FOR THE DEVELOPMENT
OF LATE SMALL BOWEL OBSTRUCTION

Risk Factor
Hazard
Ratio

P
Value

Reconstruction 2.15 .02
Diverting ileostomy 1.56 .03
Early obstruction 1.09 .66
Prior colectomy 0.82 .2
Anastomotic leak 0.67 .1

Table 5. CAUSE OF SMALL BOWEL
OBSTRUCTION FOUND AT LAPAROTOMY

Adhesive obstruction 71
Internal hernia/volvulus 6
Bolus obstruction at ileostomy closure site 3
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to omit the ileostomy. However, if the risk of an ileoanal
anastomosis leak is significant, the ileostomy should not be
omitted. Instead, in these situations, strategies aimed at
reducing adhesions should be adopted. The second risk
factor associated with development of late SBO was pouch
reconstruction. This was likely due to the multiple opera-
tions that these patients undergo.

This study also showed a lower risk of SBO in patients
who had their colectomy performed before the IPAA pro-
cedure, as well in those who developed an anastomotic leak.
This was particularly true in the early postoperative period.
Performing the colectomy before IPAA may have led to a
decreased risk of SBO because it is our practice to omit an
ileostomy when a colectomy has been performed previ-
ously. In addition, it is our practice to do a colectomy and
delay IPAA in patients receiving high-dose steroids. Be-
cause high-dose steroids may reduce the risk of adhesions,33

this may have contributed to the lower incidence of SBO
seen in this group.

The reason that an anastomotic leak was associated with
a decreased risk of subsequent SBO is more perplexing. It is
likely, however, related at least in part to our definition.
Because we chose to define early SBO as there not being
another cause for delayed bowel function, in those patients
who had a leak, delayed bowel function would have been
attributed to the leak, whereas some may have in fact been
due to obstruction, and unrelated to the leak. When the data
were analyzed for late obstructions only, the association was
no longer statistically significant.

The need for surgical intervention was much more com-
mon for late than early SBO. It may be due to our policy of
tending to treat early obstructions conservatively and allow-
ing postoperative edema to subside, whereas we take a more
aggressive approach to late obstructions. This appears to be

a safe policy in that only 4 patients of the 80 who required
laparotomy needed a bowel resection because of ischemia.
All of these were in the late SBO group. Further, early SBO
did not predict the occurrence of a late SBO, so surgical
intervention with early SBO would not have prevented
subsequent SBO.

In contrast to other complications, such as anastomotic
leak and pouch failure, which have a decreased frequency
with increasing surgical experience, the occurrence of SBO
has remained high and fairly constant over time. The rates
of SBO seen in the previous studies shown in Table 6 vary
between 13% and 35%, but with no relation to the time of
the study. In this study, there was no significant change in
the rate of SBO in those cases performed before 1990 from
those performed after 1990.

Given the frequency, complications, and cost of SBO,
strategies to decrease SBO are warranted. Based on the
pathogenesis of adhesions, six main strategies have been
used (Table 7). However, although there is some evidence
from animal studies that adhesion formation is decreased
with these agents, there is conflicting evidence in humans.
Also, there are concerns that side effects, such as depression
of the immune system, reduced wound healing, infections,
and allergic reactions, may limit their use. Until recently,
32% dextran 70 has been the most promising agent. The
Adhesion Study Group34 found that the instillation of 250
mL 32% dextran 70 before closure decreased adhesion
formation. However, Jansen35 showed no benefit. In addi-
tion, concerns regarding the potential side effects of 32%
dextran 70, including infection, anaphylactic reactions,36

increased bleeding time, and increased central venous pres-
sure, although unproven or rare, may limit its potential use.

There has been recent interest in barrier methods. The
ideal barrier should have a low risk of side effects and

Table 6. SMALL BOWEL OBSTRUCTION (SBO) AFTER ILEAL POUCH–ANAL
ANASTOMOSIS

Study Patients SBO (%) Surg (%) Prospective
Mean Follow-up

(months)

Poppen13 69 23 10 Prospective 51
McMullen14 73 16 10 38
Skarsgard15 75 13 3 15
Becker16 92 12 NS Prospective 2.5
Oresland17 100 NS 6 Prospective 20
Young18 100 27 8 68
Vasilevsky19 116 35 19 Prospective 28
Nicholls20 152 NS 13 Prospective 44
Fonkalsrud21 184 NS 9 NS
Nyam22 187 13 3.2 Prospective 60
Marcello23 460 20 7 36
Francois24 626 17 7.5 Prospective 28
Galandiuk25 851 13 NS NS
Fazio26 1,005 25.3 7 35
Present study 1,178 23 6.8 Prospective 104

NS, not stated.
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complications, should be easy to use, should adhere on its
own, should be absorbable, and should be effective at pre-
venting adhesions. Barriers that have been studied include
Silastic,37 amnion,38 peritoneum, omentum, Surgicel,39 fi-
brin, and Interceed.40,41 These substances have shown either
no or limited efficacy at reducing adhesions. Interceed in
particular showed promise in animal models, but its efficacy
is markedly reduced in the presence of blood.42,43 More
recently, Seprafilm, a sodium hyaluronate-based bioresorb-
able membrane, has been shown in a randomized controlled
trial16 to significantly decrease the frequency of adhesions
to the anterior abdominal wall after IPAA. Adhesions to the
midline incision were seen in 94% of control subjects but in
only 49% of patients in the Seprafilm group.

Theoretically, a laparoscopic approach to surgery might
result in decreased adhesion formation and lower risk of
subsequent SBO. However, long-term follow-up will be
required to determine whether that is the case. The Opera-
tive Laparoscopic Study Group44 showed that adhesions do
develop after laparoscopic surgery. After undergoing lapa-
roscopic adhesiolysis, adhesions were observed in 97% of
patients at second-look laparoscopy within 90 days. The
risk of subsequent SBO was not determined.

Although research into preventing postoperative adhe-
sions is exciting, the most relevant question is whether a
decrease in adhesions will lead to a decreased risk of sub-
sequent SBO. To date, none of these strategies have been
shown to decrease the risk of SBO. Seprafilm has been
shown to decrease adhesion formation,16,45 but long-term
follow-up will be required to determine whether such a
decrease will result in a decreased incidence of SBO. In
addition, a cost-effectiveness analysis will be important
because the cost of Seprafilm is significant.

The current study also indicates that adhesions in the

pelvis and at the ileostomy closure site are the most likely
causes of SBO. Thus, realizing it may not be possible to
eliminate all postoperative adhesions, trying to decrease
adhesions at these sites may be a more cost-effective option
for experimenting with Seprafilm.

The development of SBO is associated with significant
patient complications and some deaths and is a burden on
our healthcare system. For patients who required surgical
intervention for SBO, the obstruction was most commonly
due to pelvic adhesions, followed by adhesions at the ileos-
tomy closure site. This has implications with regard to
adhesion prevention strategies. In this group of patients,
these two sites represented more than half of the obstruc-
tions requiring surgery. Strategies that reduce the risk of
adhesions, particularly in these two sites, are warranted to
improve patient outcome and decrease healthcare costs.
Trials studying hyaluronic acid-based bioresorbable mem-
branes are in progress, but it remains to be seen whether
these will decrease the incidence of postoperative SBO in a
cost-effective manner.46-56
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