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Abstract
Introduction The purpose of this review was to assess the incidence and risk factors for adhesive small bowel obstruction
(SBO) following laparotomy.
Methods The PubMed database was systematically reviewed to identify studies in the English literature delineating the
incidence of adhesive SBO and reporting risk factors for the development of this morbidity.
Results A total of 446,331 abdominal operations were eligible for inclusion in this analysis. The overall incidence of SBO
was 4.6%. The risk of SBO was highly influenced by the type of procedure, with ileal pouch–anal anastomosis being
associated with the highest incidence of SBO (1,018 out of 5,268 cases or 19.3%), followed by open colectomy (11,491 out
of 121,085 cases or 9.5%). Gynecological procedures were associated with an overall incidence of 11.1% (4,297 out of
38,751 cases) and ranged from 23.9% in open adnexal surgery, to 0.1% after cesarean section. The technique of the
procedure (open vs. laparoscopic) also played a major role in the development of adhesive SBO. The incidence was 7.1% in
open cholecystectomies vs. 0.2% in laparoscopic; 15.6% in open total abdominal hysterectomies vs. 0.0% in laparoscopic;
and 23.9% in open adnexal operations vs. 0.0% in laparoscopic. There was no difference in SBO following laparoscopic or
open appendectomies (1.4% vs. 1.3%). Separate closure of the peritoneum, spillage and retention of gallstones during
cholecystectomy, and the use of starched gloves all increase the risk for adhesion formation. There is not enough evidence
regarding the role of age, gender, and presence of cancer in adhesion formation.
Conclusion Adhesion-related morbidity comprises a significant burden on healthcare resources and prevention is of major
importance, especially in high-risk patients. Preventive techniques and special barriers should be considered in high-risk
cases.
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Introduction

In 2006, almost 1.4 million patients underwent a surgical
procedure involving the digestive system in the USA,
including colectomy, appendectomy, cholecystectomy, and
lysis of peritoneal adhesions.1 Additionally, almost 1.3
million women underwent cesarean section during the same
year. The development of intra-abdominal adhesions fol-
lowing such procedures is considered an inevitable conse-
quence. In a postmortem study conducted in the early
1970s, Weibel and Majno found that of all subjects who
had previously undergone a minor, a major, or multiple
operations, 51%, 72%, and 93%, respectively, had intra-
abdominal adhesions.2 Menzies and Ellis found that, of a
series of 210 patients who had previously had one or more
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abdominal procedures, 93% had intra-abdominal adhesions
at re-laparotomy.3

Prevention of the development of intra-abdominal
adhesions has been the focus of several investigators, and
various products have been tested. While the efficacy of
such products remains under evaluation, the true incidence
of adhesive-related morbidity and especially that of
adhesive small bowel obstruction (SBO) has not been fully
assessed. Additionally, since it is known that most
adhesions remain silent, the factors that may make patients
more prone to developing adhesion-related morbidity are
not fully understood.

In the present review, we aim to comprehensively assess the
incidence of adhesive SBO and report the available evidence
identifying risk factors predisposing to this condition.

Methods

The National Library of Medicine MEDLINE database was
utilized to identify all articles related to the incidence and
risk factors associated with adhesive SBO. English lan-
guage citations published from January 1980 to May 2009
were included. The “related articles” option in the PubMed
Entrez interface was utilized. The bibliography in the
identified articles was also reviewed. Case reports, letters
to editors, and review articles were excluded.

To identify risk factors related to the development of
adhesive morbidity, we utilized the search terms “abdom-
inal adhesions AND risk factors” and “adhesive small
bowel obstruction AND risk factors“. In addition, specific
risk factors that possibly predispose to adhesion develop-
ment were queried to identify their association with
intestinal obstruction. These risk factors included age,
gender, immunosuppression, gallstone spillage, use of
starch-containing surgical gloves, and closure of the
peritoneum following laparotomy.

Incidence

Determining the true incidence of adhesion-related morbid-
ity following a laparotomy is difficult. While it is known
that the vast majority of patients undergoing an abdominal
procedure will develop intra-abdominal adhesions, the
short- and long-term risks for developing adhesion-related
morbidity cannot be predicted. The complex natural history
of the disease, in addition to the significant heterogeneity
between the studied populations and the failure of a reliable
follow-up, enhance the difficulty of assessing the true risk
associated with the presence of intra-abdominal adhesions.

The incidence of adhesion-related readmissions and
adhesive SBO is available in the literature from several

sources. One major source is the trilogy of the Surgical and
Clinical Adhesions Research (SCAR) studies, which uti-
lized the Scottish National Health Service medical record
linkage database.4–9 These large-scale studies had the
endpoint “adhesion-related readmissions”. Retrospective
reports with a non-standardized follow-up, having as
endpoints “early or late SBO requiring surgical interven-
tion” is another source. A third source is the reported
incidence of adhesive SBO in control patients of random-
ized controlled trials assessing the efficacy of adhesion
preventive methods. Finally, patients enrolled in random-
ized controlled trials which aim to assess the cost-efficacy
and safety of laparoscopic vs. open abdominal surgical
procedures, comprise another source of data.

The Surgical and Clinical Adhesions Research Studies

One of the most comprehensive efforts to evaluate the
burden of adhesion-related morbidity was undertaken by
the SCAR group. The investigators of this group utilized
the Scottish National Health Service Medical Record
Linkage Database, which holds data on individual linked
patients' records on every inpatient and day-case hospital
admission from 1981 onwards in Scotland, excluding
psychiatric or maternity admissions.

The first SCAR study4 focused on assessing the frequency
of complications from adhesions in the general population.
Patients undergoing initial abdominal or pelvic surgery in
1986 were analyzed, excluding those who had undergone
abdominal or pelvic surgery in the previous 5 years. All
patients were followed up for readmissions for defined
outcomes over a period of 10 years. Despite all efforts to
eliminate overestimation of the burden of adhesion-related
readmissions, it was found that over 5.7% of all readmissions
were directly related to adhesions, with 66.7% of these
patients requiring adhesiolysis (Table 1). Overall, 7.3% of
patients who had undergone a mid- and hindgut procedure
were readmitted for reasons directly related to adhesions. This
proportion was lower among patients who had undergone for
gut or other abdominal procedures (4.6%) or female
reproductive tract procedures (4.4%). One in three patients
was readmitted at least twice over the 10-year study period,
and at least one in 18 outcome readmissions (for operative
and non-operative) were directly related to adhesions.

Parker et al.5 used subsequently the same data and
methodology to look specifically at patients who had
undergone lower abdominal surgery (mid- and hindgut). It
was found that patients who had undergone an initial
operation involving the rectum had the highest rate of
readmissions directly related to adhesions (8.8%), followed
by those who had undergone an operation involving the
small bowel (7.6%) and the colon (7.1%). Similarly, Lower
et al.6 examined specifically patients who had undergone an
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open gynecological operation and found that patients who
had undergone an ovarian operation had the highest risk for
readmission directly related to adhesions, at 7.1% (Table 2).

An additional significant finding from these studies was
that the greatest percentage of readmissions (22.1%)
occurred in the first year after the index operation and
continued to rise steadily over the 10-year follow-up for all
outcome measures.4–6

The SCAR-2 study7 aimed to examine the real-time
burden of adhesion-related readmissions following colorec-
tal surgery and to assess the impact of previous surgery on
adhesion-related outcomes. The findings of this study
demonstrated that the rates of adhesion-related readmis-
sions (directly and possibly related) were 12.4%, 19.5%,
25.7%, and 29.7% at 1, 2, 3, and 4 years after the index
surgery, respectively (Table 3). Lower et al.8 used subse-
quently the same methodology to examine these outcomes
in female patients undergoing open or laparoscopic gyne-
cological procedures. The results from this examination
demonstrated that with the exception of laparoscopic
sterilization, which is considered a low-risk gynecological
procedure for adhesion development, open and laparoscopic
gynecological procedures are associated with comparable
risks for adhesion-related readmissions (Table 4).

The SCAR-3 study9 focused on aspects such as the
nature of the surgery, age, comorbid conditions, and history
of previous surgery. The findings of this study will be
discussed in the following sections (Table 5).

Despite the serious limitations of registry-based studies,
the SCAR studies comprise the first and most comprehen-

sive to date efforts to quantify the problem of adhesion-
related readmissions. A major benefit of utilizing this
database was the demography of Scotland, which, geo-
graphically, is self-contained and has a stable population of
about 5.1 million, with less than 1% annual migration.10

Risk Factors

Identification of patients who are at high risk of developing
adhesions is important in prevention strategies. True risk
factors that predispose patients to develop adhesion-related
morbidity, however, and especially adhesive SBO, have not
been clearly identified. Several have been proposed, but
level I evidence is lacking in most instances.

Type of Surgery

The type of surgery may be the most important factor that
determines the incidence of adhesion-related morbidity,
especially adhesive SBO. As mentioned, the SCAR studies
have demonstrated a higher incidence of adhesion-related
admissions for patients undergoing a mid- and hindgut
surgery. Additionally, the SCAR-3 study demonstrated that
patients undergoing an index surgery involving the ileum
had the highest risk (7.7%), followed by those having
abdominal wall and colorectal surgery (Table 5).

In our collective review of the literature, we analyzed 62
published studies in the English literature with 448,718
patients who underwent an abdominal operation. Overall,

Table 1 Summary of the Results from the First Study from the Surgical and Clinical Adhesions Research (SCAR) Group4

Readmissions directly
related to adhesions

Readmissions possibly
related to adhesions

Readmissions directly or
possibly related to adhesions

Operation/adhesions 808 (2.7%) 3,186 (10.7%) 3,994 (13.4%)

Non-operative management 401 (1.4%) 5,054 (17.0%) 5,455 (18.4%)

Total 1,209 (4.1%) 8,240 (27.7%) 9,449 (31.7%)

Incidence of adhesion-related readmissions after open abdominal or pelvic surgery (N=29,790)

The study population comprises of patients who had undergone open abdominal or pelvic surgery in the year 1986 and no other abdominal or
pelvic surgery in the previous 5 years. Patients were followed up for 10 years

Table 2 Incidence of Adhesion-Related Readmissions After Open Surgery to the Reproductive System6

Readmissions directly
related to adhesions

Readmissions possibly
related to adhesions

Readmissions directly or
possibly related to adhesions

Operation/adhesions 245 (2.9%) 1,278 (15.1%) 1,523 (18.0%)

Non-operative management – 1,201 (14.1%) 1,201 (14.1%)

Total 245 (2.9%) 2,479 (29.2%) 2,724 (31.1%)

Results from the Scottish National Health Service Medical Record Linkage Database (N=8,489)

Study population: Women with open surgery to the reproductive system
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20,635 patients (4.6%) required adhesion-related readmis-
sion, mostly due to adhesive SBO (Table 6). The incidence
varied widely according to procedure. The highest inci-
dence was reported in patients with open adnexal surgery
(23.9%), followed by patients with ileal pouch–anal
anastomosis (19.3%), open total abdominal hysterectomy
(15.6%), and open colectomy (9.5%).

The method of operation (open vs. laparoscopic) also
plays an important role in the development of adhesive
SBO. Collective review of the literature shows an incidence
of 7.1% in open cholecystectomy vs. 0.2% in laparoscopic
cholecystectomy, 15.6% in open total abdominal hysterec-
tomy (TAH) vs. 0.0% in laparoscopic TAH, and 23.9% in
open vs. 0.0% in laparoscopic adnexal operations. In the
case of appendectomies, it seems that there is no difference
between the open and laparoscopic techniques (1.4% vs.
1.3%; Table 6).

Due to the high incidence of SBO associated with
colectomies, it would be expected that the beneficial effect
of laparoscopy would be apparent. Despite the fact, however,
that laparoscopy has been shown to be associated with a
decreased adhesion formation,11 this has not been shown to
be associated with a lower incidence of SBO in colorectal
surgery. A recent Cochrane meta-analysis assessing the

long-term results of colorectal cancer resection failed to
show a benefit with regards to reoperation for adhesions in
patients undergoing a laparoscopic procedure when com-
pared with those undergoing an open procedure.12 In
addition, the conventional vs. Laparoscopic-Assisted Sur-
gery In Colorectal Cancer trial, which is attempting to
evaluate the incidence of adhesion-related complications,
particularly SBO, after laparoscopic and open colorectal
surgery has failed to date to show any significant difference
between the two approaches.13

In our collective review of the literature, however, we
found that the incidence of SBO is twofold higher in open
when compared with laparoscopic procedures (Table 6). It
should be noted, however, that the studies reporting the
incidence of SBO after the various types of surgery are
highly heterogeneous. The follow-up is insufficient in most
instances, while comorbid conditions are rarely accounted
for. Selection bias puts into question the reported incidence.

Gender

Only a few studies examining the role of gender in the
development of adhesion-related complications were identi-
fied, and the reported results were significantly conflicting.
Riber et al.14 examined the role of gender in patients
undergoing open appendectomy and found that female
patients had an almost fourfold higher overall risk for SBO
requiring surgical intervention. Contrarily, Andresson15

found that female patients were at a slightly lower risk for
developing this complication [adjusted hazard ratio 0.8 (0.8–
0.9)] in a similar population. The SCAR-3 study9 did not
report the results of the effect of gender on readmissions
directly related to adhesions due to the significant skewness
of the data towards women. Therefore, conclusions with
regards to the role of gender cannot be withdrawn.

Table 3 Summary of the Results from the Second Study of the
Surgical and Clinical Adhesions Research (SCAR) Group7

Years
following
operation

Readmissions
directly related
to adhesions (%)

Readmissions
possibly related
to adhesions (%)

Total
readmissions
(%)

1 2.1 6.1 8.2

2 3.2 9.4 12.6

3 4.1 11.3 15.4

4 4.5 12.5 17.0

The results represent the directly and possibly adhesion-related
readmissions for the subgroup of patients who had not undergone
abdominopelvic procedure in the previous 5 years (N=2,067)

Study population: Patients with open colorectal surgery in 1996–1997
and no abdominal surgery in the previous 5 years

Table 4 Adhesion-Related Readmissions within 4 Years After Open
or Laparoscopic Gynecological Surgery8

Method of
operation

Readmissions
directly related
to adhesions (%)

Readmissions
possibly related
to adhesions (%)

Total
readmissions
(%)

Laparoscopic
(N=15,197)

1.5 16.1 17.6

Open
(N=8,849)

2.0 14.5 16.5

Results from the Scottish National Health Service Medical Record
Linkage Database (N=24,046)

Table 5 Summary of the Results from the Third Study of the Surgical
and Clinical Adhesions Research (SCAR) Group9

Site of surgery Admissions directly related to
adhesions within 5years of
operation (%)

Duodenum (N=685) 1.8

Ileum (N=912) 7.7

Colon (N=3176) 5.0

Rectum (N=1,690) 5.2

Abdominal wall (N=2,180) 5.4

Appendix (N=4,113) 0.9

Readmissions directly related to lower abdominal surgery (excluding
gynecological procedures) according to site and type of operation
(N=12,756)

Study population: Patients with open lower abdominal surgery
(excluding gynecological operations) during the period 1996–1997
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Age

The role of age as a risk factor predisposing to adhesion-
related morbidity has been examined in very few studies.
The SCAR-3 study9 found that patients <60 years old
undergoing a colorectal surgery had a higher overall risk for
readmission directly related to adhesions compared with
their ≥60-year-old counterparts, even after censoring the
data for mortality. This difference applied both, to patients
who had or had not undergone an abdominopelvic
procedure in the previous 5 years. Additionally, it was
found that patients ≥16 years old undergoing an appendec-
tomy were at higher risk for readmission directly related to
adhesions over the following 5 years, when compared with
young patients <16 years old. Contrarily, Andersson found
that of all patients undergoing appendectomy, those in the
age group 20–39 years had the lowest risk for SBO
requiring surgery, while patients >70 years old had a
twofold higher risk, compared with patients <20 years
old.15

Age <40 years was identified as an independent risk
factor for recurrence of adhesive SBO in a multicenter
prospective study conducted in France with a median
follow-up of 41 months (range, 1–75 months).16

Immunosuppression and Comorbidities

Whether the difference in the risk for adhesion-related
morbidity between the various age groups is attributed to
immunosuppression associated with age, cannot be easily
determined. Several studies suggest that immunosuppressed
patients undergoing transplantation may have a decreased
risk for adhesion formation due to the suppression of the

inflammatory response. In a retrospective review of 4,001
patients undergoing orthotopic liver transplantation, only
19 (0.5%) had postoperative SBO directly related to
peritoneal adhesions.17 Similarly, pancreas transplant recip-
ients18 demonstrate comparative low incidence of adhesive
SBO.

Wasserberg et al.19 in an experimental study in which
groups of rats underwent small bowel transplantation and
were subsequently randomized for tacrolimus immunosup-
pression versus no immunosuppression, it was found that
postsurgical adhesion formation was significantly reduced
in the immunosuppressed group of rats.19

Very few studies have evaluated this factor in the general
surgery population and most of them have only looked at
cancer patients. The SCAR-3 study demonstrated that
patients with colorectal cancer had a significantly lower
risk for adhesion-related readmissions.9 The authors,
however, attributed this difference to the type of surgery
performed in this group, which was mostly right hemi-
colectomy and which was associated with a lower overall
incidence of adhesion-related readmissions. Most of the
other studies have demonstrated that patients with cancer
are at higher risk for adhesive SBO. Park et al.20 in a
randomized controlled trial evaluating the efficacy of
Seprafilm® reported an incidence of 7% for early in-
hospital SBO and 4.6% for readmissions for SBO in the
control group of cancer patients undergoing radical resec-
tion of their sigmoid or rectal cancer. However, there was
no comparative group with no cancer patients in this study.
Shin et al.21 found that poor general condition, defined as
American Society of Anesthesiologists (ASA) grade ≥3 and
local remnant tumor were factors independently associated
with early adhesive SBO in patients undergoing pelvic

Table 6 Overall Incidence of Adhesion-Related Readmissions According to the Type of Surgery

Surgery Total number of patients Adhesion-related readmissions References

Open appendectomy 266,695 3,663 (1.4%) 5,9,14,15,22,23,45–65

Laparoscopic appendectomy 4,445 57 (1.3%) 16,22,45,46,48–60,62,63,66

Open cholecystectomy 141 10 (7.1%) 67,68

Laparoscopic cholecystectomy 7,103 11 (0.2%) 66–68

Open colectomy 121,085 11,491 (9.5%) 4,5,7,9,23,69–73

Laparoscopic colectomy 930 40 (4.3%) 66,72,74

Ileal pouch–anal anastomosis 5,268 1,018 (19.3%) 75–89

Laparotomy for trauma 1,913 48 (2.5%) 23–25,90,91

Gynecological procedures 38,751 4,297 (11.1%)

Open TAH 20,377 3,182 (15.6%) 6,8,92

Laparoscopic TAH 303 0 (0.0%) 6,92

Open adnexal surgery 4,621 1,105 (23.9%) 6,8,92

Laparoscopic adnexal surgery 470 0 (0.0%) 6,92

Cesarean section 12,980 10 (0.1%) 6,8,92

Overall incidence 446,331 20,635 (4.6%)
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surgery for colorectal cancer. Recently, Leung et al.
reported that for patients undergoing an appendectomy,
the risk for SBO is more than sevenfold higher in those
with pathology of cancer or chronic appendicitis.22 It is of
note though, that other parameters, such as radiotherapy or
chemotherapy, have not been accounted for.

The role of other comorbid conditions has been
evaluated by the SCAR-3 study.9 Patients with diverticulitis
(without peritonitis) or Crohn's disease, conditions associ-
ated with inflammatory reaction in the abdomen, were not
at higher risk for readmissions directly related to adhesions.
The presence of peritonitis in patients who underwent
appendectomy had a slightly higher risk to be readmitted
when compared with patients who did not have peritonitis.
This difference was most prominent in patients who had
undergone previous surgery.

Abdominal Trauma

Table 7 summarizes the incidence of SBO associated with
negative or non-therapeutic laparotomy for trauma. Pene-
trating injuries and injuries to the small bowel seem to
increase the risk of early SBO requiring surgery.23. Tortella
et al.24 in a prospective study of 298 patients undergoing
celiotomy for penetrating trauma found that the incidence
of SBO in these patients was high, reaching 7.3%. In the
same study, gunshot wounds and injury of the small or
large bowel were found to increase this risk. In a
prospective observational study of trauma patients under-
going laparotomy, Weigelt et al. found that only five of the
248 patients developed SBO during their follow-up.25 All
five patients had intra-abdominal injuries and underwent
extensive exploration of the abdominal cavity, with access
to the retroperitoneum.

Closure of the Peritoneum After Midline Laparotomy

The association between suturing of the peritoneum on
abdominal closure and adhesion formation is highly
debated due to the lack of clinical evidence. Several studies
in the general surgery literature have suggested that non-
closure of the peritoneum after midline laparotomy is
associated with reduced operative time and decreased rate
of wound-related postoperative complications.26–28 Evalu-

ation of adhesion formation in these patients, however, was
not feasible, and SBO was not reported as an outcome.

In obstetrics, however, several studies have evaluated
this association. Komoto et al.29 randomized 124 women
undergoing cesarean section into two groups, closure vs.
non-closure of the peritoneum. These patients were evalu-
ated at a second cesarean section for adhesion formation.
The study reported that patients who had their peritoneum
sutured had a higher incidence of extensive adhesions and
required more frequently adhesiolysis. This study, however,
did not utilize a scoring system for the adhesions, and the
exclusion criteria were not adequate. Recently, a meta-
analysis from Cheong et al.30 which utilized strict quality
criteria for inclusion of the studies, concluded that accord-
ing to current data in the literature, there is some evidence
to suggest that non-closure of the peritoneum after cesarean
section is associated with more adhesion formation com-
pared with closure.

Malvasi et al.31 in a prospective, randomized study of
women undergoing cesarean sections found that at repeat
operation, women with peritoneal closure had a significantly
higher incidence of adhesions compared with those with
non-closure (57.0% vs. 20.6%, p<0.05). Although no
scoring system was utilized, these investigators found on
microscopy increased mesothelial hyperplasia, fibrosis, and
neoangiogenesis in the group with peritoneal closure, and
they concluded that this practice may predispose to
inflammatory reaction and adhesion formation.

Despite the conflicting results of the available literature,
it seems that non-closure of the peritoneum might be
beneficial in reducing the incidence of postoperative intra-
abdominal adhesions.

Use of Starch-Free Gloves

Since the introduction of starch gloves in the late 1940s, the
association between starch granules and adhesion formation
has been studied extensively. Starch is an absorbable
material and does not remain in the peritoneal cavity
indefinitely. The time for this absorption to occur, however,
has not been clarified. Sheikh et al.32 showed that most of
the starch powder granules had been disappeared by the
fourth week in rats undergoing a laparotomy. Cade and
Ellis, however, found that, in rats undergoing laparotomy,

Study Number of patients SBO Mean follow-up

Tortella et al.24 154 5 (2.3%) 6 months

Weigelt et al.25 186 5 (2.7%) 57 months

Renz et al.90 254 6 (2.4%) 36 months

Morrison et al.91 80 0 (0.0%) 36 months

Total 674 16 (2.4%)

Table 7 The Incidence of Small
Bowel Obstruction (SBO) After
Negative or Non-Therapeutic
Laparotomy for Trauma
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starch granules could be detected even after 15 months, but
only with PAS staining of the peritoneal tissue.33 Examin-
ing the association of starch-powdered gloves with the
development of adhesions in the clinical setting is hardly
feasible. Cooke et al.34 excised peritoneal nodules and band
adhesions for pathological examination from patients
undergoing re-laparotomy for several reasons. It was found
that, in the vast majority of patients who had undergone the
first laparotomy within the previous 2 years, starch
granulomas could be detected and they were responsible
for the development of intestinal obstruction. In most
patients who had undergone the first laparotomy more than
2 years before the second laparotomy, starch granules could
not be detected, but the associated band adhesions
persisted. Luijendijk et al.35, in a similar study, found that,
when granulomas were present, the median interval
between present and most recent laparotomy was signifi-
cantly shorter than when no granulomas were found.
Additionally, in patients with adhesions who had had the
previous operation less than 6 months previously, granulo-
mas were present in 71%. In contrast, only 13% of the
patients operated upon longer than 6 months previously had
granulomas.

Gallstone Spillage During Cholecystectomy

Iatrogenic perforation of the gallbladder during laparoscopic
cholecystectomy is common. In a review of the literature,
Woodfield et al.36 estimated that, in a total of 7.3% of
patients undergoing laparoscopic cholecystectomy, gall-
stones will be spilt in the peritoneal cavity and approxi-
mately 33% of these patients will be discharged having
retained gallstones.

The presence of gallstones in the peritoneal cavity has
been associated with serious complications, including several
types of intra-abdominal abscesses, postoperative fever, and
development of enterocutaneous fistulae.37 Despite the
availability of animal data suggesting an association between
retained gallstones and adhesion formation, such clinical
consequences are rarely reported.38,39 Examining this phe-
nomenon in patients can be hardly achieved. Gallstone ileus
due to stone erosion into the small bowel is a known entity,
but the development of adhesions due to the presence of
gallstones is far from understood. Adhesion formation after
gallstone spillage may be highly related to the inflammatory
response that the gallstones provoke as foreign bodies. In
one of the largest series examining the complications
associated with gallstone spillage during laparoscopic chole-
cystectomy, only one out of 547 patients developed ileus.40 It
is unclear however, if this ileus was due to adhesion
formation. In a prospective study over a 7-year period of
106 patients who had gallstone spillage, none developed
complications directly related to adhesions.41 Similarly,

Manukian et al.42 reported on 21 such patients who were
followed up for a period of 121 months. None of these
patients had any complication related to adhesion formation.
Hui et al.43 also found that retained gallstones did not have
any significant effect on patients after a median follow-up
of 44 months, while Assaff et al.44 found that spillage of
gallstones did not affect the overall in-hospital course of
patients.

In summary, with the exception of small number of case
reports, the overall association of gallstone spillage with
formation of intra-abdominal adhesions in humans has not
been clearly determined. Due to the available animal data
and the rare, but serious other complications associated
with retained gallstones, every effort should be made to
remove any spilt stones in the peritoneal cavity during
laparoscopic cholecystectomy.

Conclusion

Adhesion-related morbidity comprises a significant burden
on healthcare resources, and prevention is of major
importance, especially in high-risk patients. The most
important risk factor is the type of surgery, with open
surgical interventions in the lower abdomen carrying the
highest risk. Laparoscopic procedures appear to be associ-
ated with lower incidence of adhesive SBO when compared
with open procedures. This, however, does not apply to
appendectomy. Closure of the peritoneum, use of gloves
containing starch granules, and gallstone spillage during
cholecystectomy all increase the risk for adhesion forma-
tion. Further understanding of the risk factors for develop-
ing adhesion-related morbidity is important for the
development of preventive strategies.

References

1. Deference CJ, Lucas CA, Buie VC, Golosinskiy A. 2006 National
Hospital Discharge Survey. National Health Statistics Reports;
2008. Report No. 5

2. Weibel MA, Majno G. Peritoneal adhesions and their relation to
abdominal surgery. A postmortem study. Am J Surg [Internet].
1973;126(3):345–353.

3. Menzies D, Ellis H. Intestinal obstruction from adhesions—how
big is the problem? Ann R Coll Surg Engl [Internet] 1990;72
(1):60–63.

4. Ellis H, Moran BJ, Thompson JN, Parker MC, Wilson MS,
Menzies D, McGuire A, Lower AM, Hawthorn RJ, O'Brien F,
Buchan S, Crowe AM. Adhesion-related hospital readmissions
after abdominal and pelvic surgery: A retrospective cohort study.
Lancet [Internet]. 1999;353(9163):1476–1480.

5. Parker MC, Ellis H, Moran BJ, Thompson JN, Wilson MS,
Menzies D, McGuire A, Lower AM, Hawthorn RJ, O'Briena F,
Buchan S, Crowe AM. Postoperative adhesions: Ten-year follow-
up of 12,584 patients undergoing lower abdominal surgery. Dis

J Gastrointest Surg (2010) 14:1619–1628 1625



Colon Rectum [Internet]. 2001;44(6):822–829; discussion 829–
830.

6. Lower AM, Hawthorn RJ, Ellis H, O'Brien F, Buchan S, Crowe
AM. The impact of adhesions on hospital readmissions over ten
years after 8849 open gynaecological operations: An assessment
from the surgical and clinical adhesions research study. BJOG
[Internet]. 2000;107(7):855–862.

7. Parker MC, Wilson MS, Menzies D, Sunderland G, Thompson
JN, Clark DN, Knight AD, Crowe AM, Surgical and Clinical
Adhesions Research (SCAR) Group. Colorectal surgery: The risk
and burden of adhesion-related complications. Colorectal Dis
[Internet]. 2004;6(6):506–511.

8. Lower AM, Hawthorn RJ, Clark D, Boyd JH, Finlayson AR,
Knight AD, Crowe AM, Surgical and Clinical Research (SCAR)
Group. Adhesion-related readmissions following gynaecological
laparoscopy or laparotomy in scotland: An epidemiological study of
24 046 patients. Hum Reprod [Internet]. 2004;19(8):1877–1885.

9. Parker MC, Wilson MS, Menzies D, Sunderland G, Clark DN,
Knight AD, Crowe AM, Surgical and Clinical Adhesions
Research (SCAR) Group. The SCAR-3 study: 5-year adhesion-
related readmission risk following lower abdominal surgical
procedures. Colorectal Dis [Internet]. 2005;7(6):551–558.

10. London: Central Statistical Office. Social Trends. 1995. Report
No. 25

11. Dowson HM, Bong JJ, Lovell DP, Worthington TR, Karanjia ND,
Rockall TA. Reduced adhesion formation following laparoscopic
versus open colorectal surgery. Br J Surg [Internet]. 2008;95
(7):909–914.

12. Kuhry E, Schwenk WF, Gaupset R, Romild U, Bonjer HJ. Long-
term results of laparoscopic colorectal cancer resection. Cochrane
Database Syst Rev [Internet]. 2008 16;(2)(2):CD003432.

13. Taylor GW, Jayne DG, Brown SR, Thorpe HC, Brown JM,
Dewberry SC, Quirke P, Guillou PJ. Adhesive intestinal obstruc-
tion and incisional herniation following laparoscopic-assisted and
open colorectal cancer surgery: A supplementary analysis of the
MRC CLASICC trial. Brit J Surg/Wiley, New York, 2007, p 42.
AGSBI Abstracts

14. Riber C, Soe K, Jorgensen T, Tonnesen H. Intestinal obstruction
after appendectomy. Scand J Gastroenterol [Internet]. 1997;32
(11):1125–1128.

15. Andersson RE. Small bowel obstruction after appendectomy. Br J
Surg [Internet]. 2001;88(10):1387–1391.

16. Duron JJ, Silva NJ, du Montcel ST, Berger A, Muscari F, Hennet
H, Veyrieres M, Hay JM. Adhesive postoperative small bowel
obstruction: Incidence and risk factors of recurrence after surgical
treatment: A multicenter prospective study. Ann Surg [Internet].
2006;244(5):750–757.

17. Blachar A, Federle MP. Bowel obstruction following liver
transplantation: Clinical and ct findings in 48 cases with emphasis
on internal hernia. Radiology [Internet]. 2001;218(2):384–388.

18. Sugitani A, Gritsch HA, Shapiro R, Bonham CA, Egidi MF, Corry
RJ. Surgical complications in 123 consecutive pancreas transplant
recipients: Comparison of bladder and enteric drainage. Transplant
Proc [Internet]. 1998;30(2):293–294.

19. Wasserberg N, Nunoo-Mensah JW, Ruiz P, Tzakis AG. The effect
of immunosuppression on peritoneal adhesions formation after
small bowel transplantation in rats. J Surg Res [Internet].
2007;141(2):294–298.

20. Park CM, Lee WY, Cho YB, Yun HR, Lee WS, Yun SH, Chun
HK. Sodium hyaluronate-based bioresorbable membrane (sepra-
film) reduced early postoperative intestinal obstruction after lower
abdominal surgery for colorectal cancer: The preliminary report.
Int J Colorectal Dis [Internet]. 2009;24(3):305–310.

21. Shin JY, Hong KH. Risk factors for early postoperative small-
bowel obstruction after colectomy in colorectal cancer. World J
Surg [Internet]. 2008;32(10):2287–2292.

22. Leung TT, Dixon E, Gill M, Mador BD, Moulton KM, Kaplan
GG, MacLean AR. Bowel obstruction following appendectomy:
What is the true incidence? Ann Surg [Internet]. 2009;250(1):51–
53.

23. Stewart RM, Page CP, Brender J, Schwesinger W, Eisenhut D. The
incidence and risk of early postoperative small bowel obstruction. A
cohort study. Am J Surg [Internet]. 1987;154(6):643–647.

24. Tortella BJ, Lavery RF, Chandrakantan A, Medina D. Incidence
and risk factors for early small bowel obstruction after celiotomy
for penetrating abdominal trauma. Am Surg [Internet]. 1995;61
(11):956–958.

25. Weigelt JA, Kingman RG. Complications of negative laparotomy
for trauma. Am J Surg [Internet]. 1988;156(6):544–547.

26. Ellis H, Heddle R. Does the peritoneum need to be closed at
laparotomy? Br J Surg [Internet]. 1977;64(10):733–736.

27. Gilbert JM, Ellis H, Foweraker S. Peritoneal closure after lateral
paramedian incision. Br J Surg [Internet]. 1987;74(2):113–115.

28. Hugh TB, Nankivell C, Meagher AP, Li B. Is closure of the
peritoneal layer necessary in the repair of midline surgical
abdominal wounds? World J Surg [Internet]. 1990;14(2):231–
233; discussion 233–234.

29. Komoto Y, Shimoya K, Shimizu T, Kimura T, Hayashi S, Temma-
Asano K, Kanagawa T, Fukuda H, Murata Y. Prospective study of
non-closure or closure of the peritoneum at cesarean delivery in
124 women: Impact of prior peritoneal closure at primary cesarean
on the interval time between first cesarean section and the next
pregnancy and significant adhesion at second cesarean. J Obstet
Gynaecol Res [Internet]. 2006;32(4):396–402.

30. Cheong YC, Premkumar G, Metwally M, Peacock JL, Li TC. To
close or not to close? A systematic review and a meta-analysis of
peritoneal non-closure and adhesion formation after caesarean
section. Eur J Obstet Gynecol Reprod Biol [Internet]. 2009;147
(1):3–8

31. Malvasi A, Tinelli A, Farine D, Rahimi S, Cavallotti C, Vergara
D, Martignago R, Stark M. Effects of visceral peritoneal closure
on scar formation at cesarean delivery. Int J Gynaecol Obstet
[Internet]. 2009;105(2):131–135.

32. Sheikh KM, Duggal K, Relfson M, Gignac S, Rowden G. An
experimental histopathologic study of surgical glove powders.
Arch Surg [Internet]. 1984;119(2):215–219.

33. Cade D, Ellis H. The peritoneal reaction to starch and its
modification by prednisone. Eur Surg Res [Internet]. 1976;8
(5):471–479.

34. Cooke SA, Hamilton DG. The significance of starch powder
contamination in the aetiology of peritoneal adhesions. Br J Surg
[Internet]. 1977;64(6):410–412.

35. Luijendijk RW, Wauters CC, Voormolen MH, Hop WC, Jeekel J.
Intra-abdominal adhesions and foreign-body granulomas follow-
ing earlier laparotomy. Ned Tijdschr Geneeskd [Internet].
1994;138(14):717–721.

36. Woodfield JC, Rodgers M, Windsor JA. Peritoneal gallstones
following laparoscopic cholecystectomy: Incidence, complica-
tions, and management. Surg Endosc [Internet]. 2004;18
(8):1200–1207.

37. Zehetner J, Shamiyeh A, Wayand W. Lost gallstones in
laparoscopic cholecystectomy: All possible complications. Am J
Surg [Internet]. 2007;193(1):73–78.

38. Sax HC, Adams JT. The fate of the spilled gallstone. Arch Surg
[Internet]. 1993;128(4):469.

39. Huynh T, Mercer D. Early postoperative small bowel obstruction
caused by spilled gallstones during laparoscopic cholecystectomy.
Surgery [Internet]. 1996;119(3):352–353.

40. Schafer M, Suter C, Klaiber C, Wehrli H, Frei E, Krahenbuhl L.
Spilled gallstones after laparoscopic cholecystectomy. A relevant
problem? A retrospective analysis of 10,174 laparoscopic chole-
cystectomies. Surg Endosc [Internet]. 1998;12(4):305–309.

1626 J Gastrointest Surg (2010) 14:1619–1628



41. Memon MA, Deeik RK, Maffi TR, Fitzgibbons RJ Jr. The
outcome of unretrieved gallstones in the peritoneal cavity during
laparoscopic cholecystectomy. A prospective analysis. Surg
Endosc [Internet]. 1999;13(9):848–857.

42. Manukyan MN, Demirkalem P, Gulluoglu BM, Tuney D, Yegen
C, Yalin R, Aktan AO. Retained abdominal gallstones during
laparoscopic cholecystectomy. Am J Surg [Internet]. 2005;189
(4):450–452.

43. Hui TT, Giurgiu DI, Margulies DR, Takagi S, Iida A, Phillips EH.
Iatrogenic gallbladder perforation during laparoscopic cholecys-
tectomy: Etiology and sequelae. Am Surg [Internet]. 1999;65
(10):944–948.

44. Assaff Y, Matter I, Sabo E, Mogilner JG, Nash E, Abrahamson J,
Eldar S. Laparoscopic cholecystectomy for acute cholecystitis and
the consequences of gallbladder perforation, bile spillage, and
"loss" of stones. Eur J Surg [Internet]. 1998;164(6):425–431.

45. LujanMompean JA, Robles Campos R, Parrilla Paricio P, Soria Aledo
V, Garcia Ayllon J. Laparoscopic versus open appendicectomy: A
prospective assessment. Br J Surg [Internet]. 1994;81(1):133–135.

46. Ortega AE, Hunter JG, Peters JH, Swanstrom LL, Schirmer B. A
prospective, randomized comparison of laparoscopic appendecto-
my with open appendectomy. laparoscopic appendectomy study
group. Am J Surg [Internet]. 1995;169(2):208–212; discussion
212–213.

47. Walker SJ, West CR, Colmer MR. Acute appendicitis: Does
removal of a normal appendix matter, what is the value of
diagnostic accuracy and is surgical delay important? Ann R Coll
Surg Engl [Internet]. 1995;77(5):358–363.

48. Cox MR, McCall JL, Toouli J, Padbury RT, Wilson TG,
Wattchow DA, Langcake M. Prospective randomized comparison
of open versus laparoscopic appendectomy in men. World J Surg
[Internet]. 1996;20(3):263–266.

49. Hansen JB, Smithers BM, Schache D, Wall DR, Miller BJ,
Menzies BL. Laparoscopic versus open appendectomy: Prospec-
tive randomized trial. World J Surg [Internet]. 1996;20(1):17–20;
discussion 21.

50. Mutter D, Vix M, Bui A, Evrard S, Tassetti V, Breton JF,
Marescaux J. Laparoscopy not recommended for routine appen-
dectomy in men: Results of a prospective randomized study.
Surgery [Internet]. 1996;120(1):71–74.

51. Williams MD, Collins JN, Wright TF, Fenoglio ME. Laparoscopic
versus open appendectomy. South Med J [Internet]. 1996;89
(7):668–674.

52. Heikkinen TJ, Haukipuro K, Hulkko A. Cost-effective appendec-
tomy. open or laparoscopic? A prospective randomized study.
Surg Endosc [Internet]. 1998;12(10):1204–1208.

53. Kazemier G, de Zeeuw GR, Lange JF, Hop WC, Bonjer HJ.
Laparoscopic vs open appendectomy. A randomized clinical trial.
Surg Endosc [Internet]. 1997;11(4):336–340.

54. Laine S, Rantala A, Gullichsen R, Ovaska J. Laparoscopic
appendectomy-is it worthwhile? A prospective, randomized study
in young women. Surg Endosc [Internet]. 1997;11(2):95–97.

55. Macarulla E, Vallet J, Abad JM, Hussein H, Fernandez E, Nieto
B. Laparoscopic versus open appendectomy: A prospective
randomized trial. Surg Laparosc Endosc [Internet]. 1997;7
(4):335–339.

56. Hellberg A, Rudberg C, Kullman E, Enochsson L, Fenyo G,
Graffner H, Hallerback B, Johansson B, Anderberg B, Wenner J,
Ringqvist I, Sorensen S. Prospective randomized multicentre
study of laparoscopic versus open appendicectomy. Br J Surg
[Internet]. 1999;86(1):48–53.

57. Ozmen MM, Zulfikaroglu B, Tanik A, Kale IT. Laparoscopic
versus open appendectomy: Prospective randomized trial. Surg
Laparosc Endosc Percutan Tech [Internet]. 1999;9(3):187–189.

58. Huang MT, Wei PL, Wu CC, Lai IR, Chen RJ, Lee WJ.
Needlescopic, laparoscopic, and open appendectomy: A compar-

ative study. Surg Laparosc Endosc Percutan Tech [Internet].
2001;11(5):306–312.

59. Pedersen AG, Petersen OB, Wara P, Ronning H, Qvist N,
Laurberg S. Randomized clinical trial of laparoscopic versus open
appendicectomy. Br J Surg [Internet]. 2001;88(2):200–205.

60. Milewczyk M, Michalik M, Ciesielski M. A prospective,
randomized, unicenter study comparing laparoscopic and open
treatments of acute appendicitis. Surg Endosc [Internet]. 2003;17
(7):1023–1028.

61. Tingstedt B, Johansson J, Nehez L, Andersson R. Late abdominal
complaints after appendectomy—readmissions during long-term
follow-up. Dig Surg [Internet]. 2004;21(1):23–27.

62. Katkhouda N, Mason RJ, Towfigh S, Gevorgyan A, Essani R.
Laparoscopic versus open appendectomy: A prospective random-
ized double-blind study. Ann Surg [Internet]. 2005;242(3):439–
448; discussion 448–450.

63. Moberg AC, Berndsen F, Palmquist I, Petersson U, Resch T,
Montgomery A. Randomized clinical trial of laparoscopic versus
open appendicectomy for confirmed appendicitis. Br J Surg
[Internet]. 2005;92(3):298–304.

64. Khairy GA, Afzal MF, Murshid KR, Guraya S, Ghallab A. Post
appendectomy small bowel obstruction. Saudi Med J [Internet].
2005;26(7):1058–1060.

65. Cueto J, D'Allemagne B, Vazquez-Frias JA, Gomez S, Delgado F,
Trullenque L, Fajardo R, Valencia S, Poggi L, Balli J, Diaz J,
Gonzalez R, Mansur JH, Franklin ME. Morbidity of laparoscopic
surgery for complicated appendicitis: An international study. Surg
Endosc [Internet]. 2006;20(5):717–720.

66. Duron JJ, Hay JM, Msika S, Gaschard D, Domergue J, Gainant A,
Fingerhut A. Prevalence and mechanisms of small intestinal
obstruction following laparoscopic abdominal surgery: A retro-
spective multicenter study. French Association for Surgical
Research. Arch Surg [Internet]. 2000;135(2):208–212.

67. Kiviluoto T, Siren J, Luukkonen P, Kivilaakso E. Randomised
trial of laparoscopic versus open cholecystectomy for acute and
gangrenous cholecystitis. Lancet [Internet]. 1998;351(9099):321–
325.

68. Lujan JA, Parrilla P, Robles R, Marin P, Torralba JA, Garcia-
Ayllon J. Laparoscopic cholecystectomy vs open cholecystectomy
in the treatment of acute cholecystitis: A prospective study. Arch
Surg [Internet]. 1998;133(2):173–175.

69. Parikh JA, Ko CY, Maggard MA, Zingmond DS. What is the rate
of small bowel obstruction after colectomy? Am Surg [Internet].
2008;74(10):1001–1005.

70. Mohri Y, Uchida K, Araki T, Inoue Y, Tonouchi H, Miki C,
Kusunoki M. Hyaluronic acid-carboxycellulose membrane (sepra-
film) reduces early postoperative small bowel obstruction in
gastrointestinal surgery. Am Surg [Internet]. 2005;71(10):861–
863.

71. Beck DE, Opelka FG, Bailey HR, Rauh SM, Pashos CL.
Incidence of small-bowel obstruction and adhesiolysis after open
colorectal and general surgery. Dis Colon Rectum [Internet].
1999;42(2):241–248.

72. Duepree HJ, Senagore AJ, Delaney CP, Fazio VW. Does means of
access affect the incidence of small bowel obstruction and ventral
hernia after bowel resection? laparoscopy versus laparotomy. J
Am Coll Surg [Internet]. 2003;197(2):177–181.

73. Nieuwenhuijzen M, Reijnen MM, Kuijpers JH, van Goor H.
Small bowel obstruction after total or subtotal colectomy: A
10-year retrospective review. Br J Surg [Internet]. 1998;85
(9):1242–1245.

74. Sonoda T, Pandey S, Trencheva K, Lee S, Milsom J. Longterm
complications of hand-assisted versus laparoscopic colectomy. J
Am Coll Surg [Internet]. 2009;208(1):62–66.

75. Poppen B, Svenberg T, Bark T, Sjogren B, Rubio C, Drakenberg
B, Slezak P. Colectomy–proctomucosectomy with S-pouch:

J Gastrointest Surg (2010) 14:1619–1628 1627



Operative procedures, complications, and functional outcome in
69 consecutive patients. Dis Colon Rectum [Internet]. 1992;35
(1):40–47.

76. McMullen K, Hicks TC, Ray JE, Gathright JB, Timmcke AE.
Complications associated with ileal pouch–anal anastomosis.
World J Surg [Internet]. 1991;15(6):763–766; discussion 766–
767.

77. Skarsgard ED, Atkinson KG, Bell GA, Pezim ME, Seal AM,
Sharp FR. Function and quality of life results after ileal pouch
surgery for chronic ulcerative colitis and familial polyposis. Am J
Surg [Internet]. 1989;157(5):467–471.

78. Becker JM, Stucchi AF. Proctocolectomy with ileoanal anasto-
mosis. J Gastrointest Surg [Internet]. 2004;8(4):376–386.

79. Oresland T, Fasth S, Nordgren S, Hulten L. The clinical and
functional outcome after restorative proctocolectomy. A prospec-
tive study in 100 patients. Int J Colorectal Dis [Internet]. 1989;4
(1):50–56.

80. Young CJ, Solomon MJ, Eyers AA, West RH, Martin HC, Glenn
DC, Morgan BP, Roberts R. Evolution of the pelvic pouch
procedure at one institution: The first 100 cases. Aust N Z J Surg
[Internet]. 1999;69(6):438–442.

81. Vasilevsky CA, Rothenberger DA, Goldberg SM. The S ileal
pouch-anal anastomosis. World J Surg [Internet]. 1987;11(6):742–
750.

82. Nicholls RJ, Holt SD, Lubowski DZ. Restorative proctocolectomy
with ileal reservoir. Comparison of two-stage vs. three-stage
procedures and analysis of factors that might affect outcome. Dis
Colon Rectum [Internet]. 1989;32(4):323–326.

83. Fonkalsrud EW, Stelzner M, McDonald N. Experience with the
endorectal ileal pullthrough with lateral reservoir for ulcerative
colitis and polyposis. Arch Surg [Internet]. 1988;123(9):1053–
1058.

84. Marcello PW, Roberts PL, Schoetz DJ Jr, Coller JA, Murray JJ,
Veidenheimer MC. Obstruction after ileal pouch–anal anastomo-
sis: A preventable complication? Dis Colon Rectum [Internet].
1993;36(12):1105–1111.

85. Francois Y, Dozois RR, Kelly KA, Beart RW Jr, Wolff BG,
Pemberton JH, Ilstrup DM. Small intestinal obstruction compli-
cating ileal pouch–anal anastomosis. Ann Surg [Internet].
1989;209(1):46–50.

86. Galandiuk S, Pemberton JH, Tsao J, Ilstrup DM, Wolff BG.
Delayed ileal pouch-anal anastomosis. Complications and func-
tional results. Dis Colon Rectum [Internet]. 1991;34(9):755-758.

87. Fazio VW, Ziv Y, Church JM, Oakley JR, Lavery IC, Milsom JW,
Schroeder TK. Ileal pouch-anal anastomoses complications and
function in 1005 patients. Ann Surg [Internet]. 1995;222(2):120–
127.

88. MacLean AR, Cohen Z, MacRae HM, O'Connor BI, Mukraj D,
Kennedy ED, Parkes R, McLeod RS. Risk of small bowel
obstruction after the ileal pouch-anal anastomosis. Ann Surg
[Internet]. 2002;235(2):200–206.

89. Nyam DC, Brillant PT, Dozois RR, Kelly KA, Pemberton JH,
Wolff BG. Ileal pouch-anal canal anastomosis for familial
adenomatous polyposis: Early and late results. Ann Surg
[Internet]. 1997;226(4):514–519; discussion 519–521.

90. Renz BM, Feliciano DV. Unnecessary laparotomies for trauma: A
prospective study of morbidity. J Trauma [Internet]. 1995;38
(3):350–356.

91. Morrison JE, Wisner DH, Bodai BI. Complications after negative
laparotomy for trauma: Long-term follow-up in a health mainte-
nance organization. J Trauma [Internet]. 1996;41(3):509–513.

92. Al-Sunaidi M, Tulandi T. Adhesion-related bowel obstruction
after hysterectomy for benign conditions. Obstet Gynecol [Inter-
net]. 2006;108(5):1162–1166.

1628 J Gastrointest Surg (2010) 14:1619–1628


	The Incidence and Risk Factors of Post-Laparotomy Adhesive Small Bowel Obstruction
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Incidence
	The Surgical and Clinical Adhesions Research Studies

	Risk Factors
	Type of Surgery
	Gender
	Age
	Immunosuppression and Comorbidities
	Abdominal Trauma
	Closure of the Peritoneum After Midline Laparotomy
	Use of Starch-Free Gloves
	Gallstone Spillage During Cholecystectomy

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


