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Abstract Abdominal adhesions are associated with

increased postoperative complications, cost and workload.

We performed a systematic review with statistical pooling to

estimate the formation rate, distribution and severity of post-

operative adhesions in patients undergoing abdominal sur-

gery. A literature search was carried out for all articles

reporting on the incidence, distribution and severity of adhe-

sions between January 1990 and July 2011. Twenty-five

articles fulfilled the inclusion criteria. The weighted mean

formation rate of adhesions after abdominal surgery was 54 %

(95 % confidence interval [CI] 40–68 %), and was 66 %

(95 % CI 38–94 %) after gastrointestinal surgery, 51 %

(95 % CI 40–63 %) after obstetric and gynaecological sur-

gery and 22 % (95 % CI 7–38 %) after urological surgery.

The mean overall severity score was 1.11 ± 0.98 according to

the Operative Laparoscopy Study Group classification. Lap-

aroscopic surgery reduced the adhesion formation rate by

25 % and decreased the adhesion severity score (laparo-

scopic; 0.36 ± 0.69 vs. open; 2.14 ± 0.84) for gastrointesti-

nal surgery. Our results demonstrate that the incidence and

severity of abdominal adhesions varies between surgical

specialties and procedures. An increased awareness of

adhesions can help in identifying the underlying mechanisms

of adhesion formation and novel therapeutic approaches,

while also improving the surgical consent process.
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Introduction

Abdominal adhesions are abnormal fibroid bands that bind

between organ surfaces or the walls in the abdominal cavity.

Surgery on the abdomen via laparotomy is the primary

cause of adhesions, and the development of adhesions is

considered to be the most common physiological reaction

following abdominal surgical exposure. Some studies have

reported a 93 % incidence of adhesions in patients with

prior laparotomy undergoing a second laparotomy [1].

The mechanism underlying the formation of adhesions

[2, 3] includes an initial surgical injury to the peritoneal

epithelium, which results in the deposition of fibrin matrix

gel between damaged intra-abdominal surfaces. Fibrino-

lysis by plasmin can degrade these deposits, but postop-

eratively, the fibrinolysis is typically inadequate, and

non-degraded deposits are reorganized to form fibrous

adhesions. The formation and location of adhesions are

currently unpredictable in abdominal surgery due to the

complex interplay of the many factors that regulate

fibrinolysis.

The complications of adhesions, include chronic

abdominal pain, small bowel obstruction (SBO), female

infertility and inadvertent bowel injury at adhesiolysis.

Adhesions account for up to 96 % of patients with chronic

abdominal and/or pelvic pain at diagnostic laparoscopy [4],

60–70 % of patients with SBO [5] and 20–40 % of those
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with female infertility [6]. Inadvertent bowel injury at

adhesiolysis occurs in approximately 19 % of patients

undergoing abdominal re-operations [7]. In addition, 37 %

of patients with adhesive bowel obstruction need surgical

management [8]. These complications typically require

increased hospital visits, readmission, reintervention and

further surgical management [8, 9]. The total treatment cost

per admission for adhesive small bowel obstruction was

£4677.41 for surgically treated admissions and £1606.15

for conservatively treated admissions [8]. The impact of

adhesions on surgeon workload and the overall healthcare

costs is, therefore, significant and continues to increase,

with the financial cost of adhesions in the US for 1994

being estimated at $1.3 billion [10].

Surgeons typically underestimate the incidence and

consequences of adhesions. Both trainees and experts score

approximately 35–40 % on adhesion knowledge [11], and

one study revealed that adhesions are listed in only 9 % of

consent forms [12]. The current evidence base regarding

surgical abdominal adhesions does not clearly identify the

incidence, distribution, severity and complications of this

postoperative condition. This is due to two reasons: first,

the pattern of adhesion formation is anatomically and

pathologically heterogeneous, and is therefore difficult to

report. As a result, there is a large variation in the design

and quality of studies relating to adhesions. Second, the

diagnosis of adhesions requires confirmation at a ‘‘second-

look’’ laparotomy or laparoscopy. Performing repeat sur-

gery purely to assess the postoperative adhesion formation

in all patients undergoing an abdominal procedure is

unethical, rendering the knowledge regarding the incidence

of postoperative adhesions biased toward the disease load

in patients, who had clinical grounds to undergo these

secondary procedures.

In this systematic review, we aimed to estimate the

incidence, distribution and severity of postoperative adhe-

sions in patients undergoing abdominal surgery. Our

objective was to identify the distribution of this condition

by procedure and clinical speciality to increase awareness,

improve the consent process and highlight possible mech-

anistic patterns in the formation of abdominal adhesions.

Methods

Search strategy

We systematically searched the EMBASE, MEDLINE and

PsychINFO databases for articles reporting the incidence,

distribution and the severity of adhesions without language

restriction between January 1, 1990 and July 1, 2011. Our

search was performed using the following words: ‘‘adhes-

i*’’ AND ‘‘surg*’’ OR ‘‘operati*’’ OR ‘‘laparotomy’’ OR

‘‘postoperati*’’ OR ‘‘relaparotomy’’ OR ‘‘reoperati*’’ AND

‘‘abdom*’’ OR ‘‘bowel’’ OR ‘‘pelv*’’. All studies were

assessed individually by two authors (KO and HA).

Criteria for considering studies in this review

Inclusion criteria

This review included randomized control trials, cohort

studies and observational studies. The outcome measure-

ments of the included studies are defined as the ‘‘inci-

dence’’, ‘‘distribution’’ and ‘‘severity’’ of adhesions at a

second-look operation. All participants were adults (more

than 16 years old) and underwent either open or laparo-

scopic surgery for abdominal diseases or a caesarean

section.

Exclusion criteria

Papers, including patients with Crohn’s disease, endome-

triosis, peritoneal metastasis of cancer, and those treated

with pre- or postoperative radiation therapy were excluded,

because these diseases and procedures potentially have an

impact on the formation of adhesions and bowel obstruc-

tion without abdominal surgery. Furthermore, patients,

who underwent repair of incisional and inguinal hernias

using biomaterials, such as polypropylene mesh, were

excluded. This is because these biomaterials induce a

similar fibrous tissue reaction that can be indistinguishable

from surgical adhesions, so that differentiating the origin of

adhesions in these cases would not be possible or accurate.

Papers dealing with minor surgery, such as salpingopexy

and ovarian drilling, were excluded, because these proce-

dures need little or no intra-abdominal manipulation.

Data extraction

The extracted data consist of the authors, departments,

institutes, year of publication, type of study (single centre

or multicentre), study period, procedure used to assess

adhesions, timing of assessment, follow-up program,

follow-up period, patient number, age, gender, pathology,

location of disease, type of procedure, treatment in the

control arm of randomized control trials, incidence, dis-

tribution and severity of adhesions and measurement scale

of the adhesion severity (Supplementary Table 1).

Risk of bias in individual studies

To assess the risk of bias in eligible studies, we used self-

produced checklists, which consisted of seven categories,

including the study design, details of participants, assess-

ment of adhesions, underlying pathology, anatomy, type of
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procedure and outcomes (Supplementary Table 1). More-

over, we assessed the quality of the included studies

according to the Newcastle–Ottawa scale, which was

developed as a risk assessment tool for non-randomized

studies in a meta-analysis (http://www.ohri.ca/programs/

clinical_epidemiology/oxford.asp) [13].

Statistical analysis

The quantitative data from the studies were pooled using

inverse variance weighting and random-effect methods.

The standard error was calculated on the sample proportion

of adhesions in each study and was used to compute the

corresponding 95 % confidence intervals (CI), which were

subsequently applied to create an overall pooled result. The

percentage of heterogeneity between studies not attribut-

able to random noise was estimated using the Higgins’ I2

statistic. Statistical calculations were performed with the

Review Manager Software Program (Version 5.0. Copen-

hagen: The Nordic Cochrane Centre, The Cochrane Col-

laboration, 2008). The severity of adhesions, which had a

mean and standard deviation, was generated using Micro-

soft Excel 2010 (Microsoft, Redmond, Washington, USA)

as follows: each standard deviation was individually

squared to get each variance, and all the variances were

then added and divided by the number of variances minus

1, and then the square root of that sum was determined.

Results

Overview of the search strategy

This review and meta-analysis was written according to the

guidelines for systematic reviews and meta-analysis, the

PRISMA statement, to ensure validity and transparency

[14]. The overview of our search strategy is shown in

Fig. 1. Of the 8,130 titles identified through our search and

cross-reference manual search, we reviewed the full text of

71 studies. Twenty-five [15–39] of these 71 studies met our

inclusion and exclusion criteria as outlined above. These 25

papers consisted of 10 nested cohorts from randomized

control studies, 10 cohort studies and five observational

studies. The overall median Newcastle–Ottawa score of all

included studies was 4 (range 3–5), indicating a relatively

low overall study quality (Table 1 and Supplementary

Table 1).

Description and quality of studies

The quality of the studies and the details of the adhesion-

specific outcomes in each included study are summarized

in Table 1. Of the 25 studies, 19 addressed the incidence of

adhesions [16, 17, 19–23, 26–28, 30, 31, 33–39], 16

assessed the distribution of adhesions [15–19, 21, 22, 25–

29, 34–36, 39] and 20 examined the severity of adhesions

[16–18, 20, 21, 24–32, 34–39]. Twenty studies examined

more than one outcome [16–22, 25–31, 34–39]. The study

quality was heterogeneous. Ascertainment of adhesions

was provided by ‘‘second-look’’ laparoscopy or laparotomy

in all 25 studies. The postoperative timing of assessment

was not consistent, with the second-look procedure taking

place 1 month to 3 years after the initial laparotomy.

Formation of adhesions

A total of 19 studies [16, 17, 19–23, 26–28, 30, 31, 33–39],

which consisted of 7 in gastrointestinal surgery [17, 20, 22,

26, 27, 33, 35], 11 in obstetric and gynaecological surgery

[16, 19, 23, 28, 30, 31, 34, 36–39] and 1 in urological

surgery [21], reported the incidence of adhesions after

abdominal surgery. Fifteen studies were eligible for evi-

dence synthesis; the results of statistical pooling are pre-

sented in Fig. 2. Of all the 2,825 patients, 1,041 (37 %)

developed adhesions. The overall weighted mean forma-

tion rate of adhesions after abdominal surgery was 54 %

(95 % CI 40–68 %) (Fig. 2). There was large heterogeneity

between the studies (I2 = 98 %, p \ 0.00001).

The development of adhesions by speciality

We also performed a subgroup analysis according to sur-

gical speciality. Adhesions occurred in 288 (64 %) of 451

patients, who underwent gastrointestinal surgery, 747

(32 %) of 2,347 patients, who underwent obstetric and

gynaecological surgery and six (22 %) of 27 patients, who

underwent urological surgery. The weighted mean forma-

tion rate of adhesions was 66 % (95 % CI 38–94 %) in the

gastrointestinal surgery cases, 51 % (95 % CI 40–63 %) in

the obstetric and gynaecological surgery cases and 22 %

(95 % CI 7–38 %) in the urological surgery cases.

The development of adhesions by procedure

The studies that were eligible for inclusion in the analysis

by procedure consisted of one study of cholecystectomy,

six total colectomy studies, six caesarean section studies

and five studies of uterine surgery. Fourteen of these

studies were eligible for evidence synthesis. The results

and details of the statistical pooling are presented in Fig. 3.

Adhesions occurred in 16 (62 %) of the 26 patients, who

underwent cholecystectomies, 50 (100 %) of 50 patients,

who underwent left sided colectomies, 222 (59 %) of the

375 patients, who underwent total colectomy, 613 (31 %)

of 1,988 patients, who underwent a caesarean section and

134 (37 %) of 359 patients, who underwent myomectomy.
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The weighted mean formation rate of adhesions was 61 %

(95 % CI 43–80 %) for cholecystectomy, 67 % (95 % CI

35–99 %) for total colectomy, 41 % (95 % CI 29–53 %)

for caesarean section and 64 % (95 % CI 31–98 %) for

myomectomy.

Impact of laparoscopic surgery

Nine studies reported on laparoscopic surgery and nine

reported on open surgery. Adhesions occurred in 115

(38 %) of the 304 patients, who underwent laparoscopic

surgery and in 914 (36 %) of the 2,508 patients, who

underwent open surgery. The pooled weighted mean for-

mation rate of adhesions was 49 % (95 % CI 27–72 %) in

the laparoscopic surgery studies and 50 % (95 % CI

32–68 %) in the open surgery studies. In the cases of

gastrointestinal surgery, the pooled weighted mean adhe-

sion formation rates were 48 % (95 % CI 34–62 %) for

laparoscopic surgery and 73 % (95 % CI 38–109 %) for

open surgery (Fig. 4). In the patients, who underwent

obstetric and gynaecological surgery, the weighted mean

adhesion formation rates were 57 % (95 % CI 20–94 %) in

those who underwent laparoscopic surgery and 39 %

(95 % CI 29–49 %) in those who underwent open surgery

(Fig. 5). However, all of the listed laparoscopic obstetric

and gynaecological procedures were myomectomies, and

did not include caesarean sections.

Three studies compared the incidence of adhesions

between laparoscopic and open surgery; these considered

cholecystectomy, total colectomy and myomectomy. All

three studies reported a lower incidence of adhesion for-

mation after laparoscopic surgery compared to open

Fig. 1 A flow chart of the search process
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procedures; this difference was marginally significant (risk

ratio: 0.58, 95 % CI 0.32–1.05, p = 0.07).

Distribution of adhesions

Sixteen studies [15–19, 21, 22, 25–29, 34–36] reported the

distribution of adhesions. These included six studies in the

field of gastrointestinal surgery [17, 22, 25–27, 35], nine in

obstetric and gynaecological surgery [15, 16, 18, 19, 28,

29, 34, 36, 39] and one in urological surgery. Owing to the

heterogeneity in these 16 studies, we herein report the

results of these studies qualitatively.

One study was an analysis of a 12 centre study in the US

and Canada, and demonstrated that the percentage of initial

midline incision length associated with adhesions was

65 % in 120 patients with a primary diagnosis of ulcerative

colitis and familial polyposis [26]. Three studies identified

that in colorectal patients who had midline incisions,

adhesions were found arising from the midline incision to

any location within the abdomen in from 86 to 100 % of

postoperative cases [17, 22, 27]. Only one of these studies

mentioned the organs adherent to the midline incision [17].

Midline adhesions developed to the omentum in 71 (79 %),

to the small bowel in 57 (63 %) and to the left abdominal

side wall in 19 (21 %) of the 90 patients. Indar et al.

mentioned the possibility of laparoscopic surgery to reduce

the postoperative adhesions and demonstrated that the

occurrence of adhesions to the abdominal wall was found

in 11 (32 %) of 34 patients and in 6 (29 %) of 21 female

patients to the adnexa after laparoscopic surgery for

ulcerative colitis [35]. Swank et al. evaluated the distri-

bution of adhesions after laparoscopic adhesiolysis, and

reported that they developed between the small bowel

loops in 13 (54 %) of 24 postoperative patients [25].

The studies in obstetric and gynaecological surgery

consisted of four studies of caesarean section and five of

myomectomy. In the case of caesarean section, all three

papers mentioned midline incision adhesions [15, 34, 36].

After caesarean section, 19–59 % of patients developed

abdominal wall adhesions to the uterus and 19 % of those

developed adhesions to the omentum. All five studies of

myomectomy mentioned adnexal adhesions, one of which

included patients who underwent open surgery [29] and the

remaining four focused on laparoscopic surgery [16, 18,

19, 28]. When compared with laparoscopic surgery,

patients undergoing open myomectomy developed adnexal

adhesions more frequently (laparoscopic 13–65 % vs. open

92 %). In addition, 35–53 % of patients developed adhe-

sions between the bowel and uterus [19, 28].

Although only one study considered urological surgery,

it involved various operations, and demonstrated that

adhesions to the abdominal wall occurred in five (19 %) of

the 27 patients [21].T
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Severity of adhesions

Seven main types of severity scoring were utilized in 20

studies. The scoring systems utilized (Table 2) were the

Operative Laparoscopic Study Group classification [40] in

10 studies[16, 17, 20, 21, 26–28, 35, 39, 41], the American

Fertility Society score [42] in five [18, 29, 32, 35, 38], the

Bristow adhesion scoring system in one [34], the scoring

system proposed by Zühlke [25] in one and a self-devel-

oped scoring system in three studies [30, 36, 37]. Most of

these contained common components, including tenacity,

extent, vascularity and surgical findings. However, we

cannot synthesize evidence from these studies in view of

the large reporting heterogeneity.

We were able to synthesize data from nine studies which

were assessed using the Operative Laparoscopic Study

Group classification. They included five in the field of

gastrointestinal surgery, four in obstetric and gynaecolog-

ical surgery and one in urological surgery. The mean

overall score of the severity was 1.11 ± 0.98. The severi-

ties by specialty were 1.75 ± 0.72 for gastrointestinal

surgery, 0.85 ± 1.38 for obstetric and gynaecological

surgery and 0.26 ± 0.53 for urological surgery. The score

of severity by procedure was 1.22 ± 0.5 for cholecystec-

tomy, 1.34 ± 0.72 for rectal surgery, 1.89 ± 0.96 for total

colectomy, 0.77 ± 1.67 for caesarean section and

1.54 ± 1.44 for myomectomy. In patients, who underwent

gastrointestinal surgery, the severity score was 0.36 ± 0.69

for laparoscopic surgery and was 2.14 ± 0.84 for open

surgery. In patients, who underwent obstetric and gynae-

cological surgery, the severity was 1.54 ± 1.44 for lapa-

roscopic surgery and it was 0.77 ± 1.67 for open surgery.

One study demonstrated that the severity of adhesions at

the adnexa after total colectomy was 0.33 ± 0.58 using the

American Fertility Society score [35]. Tsuji et al. [29] and

Ugar et al. [18] presented the adhesion severity in the

uterus using the American Fertility Society score, and

noted that the scores were 8.53 ± 8.79 and 7.1 ± 8.1,

respectively. Swank et al. showed that the severity of

adhesions was reduced between the first and second lapa-

roscopic adhesiolysis using a scoring system proposed by

Zühlke [25].

Fig. 2 The weighted mean

formation rate of adhesions by

speciality. The weighted mean

formation rate was calculated

using a random-effects model.

Squares indicate the point

estimates of the incidence of

adhesions, and diamonds show

the summary estimate from the

pooled studies; the 95 % CIs are

indicated by horizontal bars and

are shown in parentheses. OG

obstetric and gynaecological

surgery
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Fig. 3 The weighted mean

formation rate of adhesion by

procedure. The weighted mean

formation rate was calculated

using a random-effects model.

Squares indicate the point

estimates of the incidence of

adhesions and diamonds show

the summary estimate from the

pooled studies; the 95 % CIs are

indicated by horizontal bars and

are shown in parentheses

Fig. 4 The weighted mean

formation rate of adhesions by

procedure in the field of

gastrointestinal surgery. The

weighted mean formation rate

was calculated using a random-

effects model. Squares indicate

the point estimates of the

incidence of adhesions and

diamonds show the summary

estimate from the pooled

studies; the 95 % CIs are

indicated by horizontal bars and

are shown in parentheses
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Discussion

The results of this systematic review suggest that the

weighted mean formation rate of adhesions after abdominal

surgery was approximately 54 %. As we expected, there

are differences in the incidence and severity of adhesions

between surgical specialties and procedures. Adhesions

occurred most frequently after total colectomy and myo-

mectomy, and this was associated with higher severity

scores for these procedures. Laparoscopic surgery reduced

the overall incidence of adhesions after GI surgery by

25 %, and the severity by 1.7 points, according to the

Operative Laparoscopic Study Group (OSLG) classifica-

tion as compared to open surgery. The Surgical and Clin-

ical Adhesions Research (SCAR) group reported that 6 %

of all surgical readmissions were directly associated with

adhesions, with 4 % of these readmissions requiring

adhesiolysis [43]. The results of our analysis can be utilized

in conjunction with the previous data from other studies

(such as the SCAR group) to enhance patient risk coun-

selling and consent preoperatively.

The rate of adhesion formation was comparable between

surgical specialties. The particularly low incidence of

adhesions identified in urological surgery may result from

the small number of adhesion studies published for this

speciality. The overall results of modern adhesion studies

compare favourably with those published three decades

ago, where Weibel et al. [44] reported that the incidence of

postoperative adhesions was 74 % in gastrointestinal sur-

gery and 71 % in obstetric and gynaecological surgery

without caesarean delivery [44]. The approximate 20 %

reduction in the incidence of adhesions in the past two

decades from our analysis could represent a possible

improvement in modern surgical practice or performance.

This includes minimising peritoneal foreign body expo-

sure, careful tissue handling, meticulous hemostasis

[45, 46], specific closure of the peritoneum in caesarean

sections (reducing adhesion rates by 40 %) [30, 31, 37] and

modern surgical techniques, such as minimally invasive

procedures. The few urological studies included in our

search strategy may be explained by our inclusion criteria,

which focused on operations utilising a peritoneal

approach. In urological operations, both extraperitoneal

and retroperitoneal approaches are frequently utilized,

which could further decrease the overall adhesion rate in

this speciality. The overall incidence of adhesions is still

remarkably high, and adhesions occur after more than half

of abdominal operations. Further research is required to

develop novel technological and pharmaceutical strategies

to decrease surgical adhesions and their associated

complications.

The adhesions were widely distributed throughout the

abdominal cavity. They were most commonly identified

between the midline incision and omentum (79 %), or

between the midline incision and small bowel (63 %) [17].

However, the evidence for the overall distribution of

adhesions is limited, as there are no classification systems

designed to describe the pattern of adhesion formation. One

of the most significant sequelae of adhesions, includes

bowel obstruction and pain. Demco et al. [47] reported that

filmy adhesions between movable structures, such as the

ovaries and the peritoneum, had the highest pain scores,

Fig. 5 The weighted mean

formation rate of adhesion by

procedure in the field of

obstetric and gynaecological

surgery. The weighted mean

formation rate was calculated

using a random-effects model.

Squares indicate the point

estimates of the incidence of

adhesions and diamonds show

the summary estimate from the

pooled studies; the 95 % CIs are

indicated by horizontal bars and

are shown in parentheses
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whereas fixed or dense adhesions had the lowest pain

scores [47]. Swank et al reported that 71 % of patients who

underwent adhesiolysis for chronic abdominal pain had

adhesions between small bowel loops, and that these were

reduced in terms of their incidence and severity after a

second adhesiolysis [25].

The severity of adhesions was comparable between

surgical specialties, and was milder for caesarean section as

compared to other procedures. However, the overall evi-

dence regarding the severity of adhesions was limited due

to a lack of standardized severity scoring systems. Recent

histological studies have identified adhesion characteris-

tics, such as the presence of sensory nerves, clusters of

smooth muscle cells and the development of new blood

vessels, which can contribute to adhesion formation and

severity [48, 49]. Establishing a standard adhesion severity

scoring system would be helpful to determine the rela-

tionship between these pathological findings and adhesion-

specific complications.

Laparoscopic surgery is considered to be an effective

modality for reducing the incidence and severity of adhe-

sions. This has been explained by smaller incisions, less

tissue trauma, reduced bleeding, prevention of desiccation,

less tissue trauma, early recovery of bowel function and a

reduction of contamination by foreign bodies [50]. In

patients who underwent gastrointestinal surgery, laparo-

scopic surgery reduced the incidence of adhesions by 25 %

and the severity of the adhesions by 1.7 points by the

OLSG classification as compared to open surgery. These

results are supported by several animal and human studies

demonstrating a reduction of adhesion formation after

laparoscopic surgery as compared to open surgery [50].

Although there is some opposing evidence in the literature

demonstrating that the use of a pneumoperitoneum

increases hypoxia and vascular endothelial growth factor

release, which enhance adhesion formation [51, 52], these

effects are likely to represent only one aspect of laparos-

copy that is usually outweighed by the greater benefits of

laparoscopic adhesion reduction. Our contradictory finding

that laparoscopic surgery may be associated with a higher

adhesion formation rate than open surgery in obstetrics and

gynaecology may be influenced by the unique endocrine,

immunological and physiological environment in female

patients, which may have contributed to some of the results

in this speciality. This may increase the pro-adhesion

effects of laparoscopy, and warrants further research and

robust studies assessing the incidence of adhesion rates in

laparoscopic surgery. Randomized controlled trials may

not be feasible to directly assess adhesion formation as a

primary outcome due to their cost and the lack of quanti-

fiable end points for adhesion imaging. As a result, the

appropriate study design to assess the adhesion formation

rate would include prospective studies with follow-up

cohorts.

There were no studies that identified the ideal time to

perform reoperations with regard to postoperative adhe-

sions. Fifteen studies reported their results according to a

planned second-look laparotomy or laparoscopy performed

between one and four months postoperatively. However in

10 of the 25 studies without a scheduled second-look lap-

arotomy or laparoscopy, the assessment of adhesions was

performed more than 1 year after the operation. One study

reported that there were no differences in the mortality,

morbidity or anastomotic leakage after Hartmann’s

Table 2 The current scoring systems used to classify the severity of

the adhesions (OLSG = Operative Laparoscopy Study Group,

AFS = American Fertility Society); these scoring systems are not

directly comparable, as their definitions of adhesion severity are based

on the characteristics that are not equivalent

Score OLSG AFS Bristow Zühlke

Severity Extent

0 None None None None None

1 Filmy/avascular Mild Localized Avascular; easily lysed and

failing to bleed

Filmy adhesion; easy to separate by blunt dissection

2 Dense/vascular Mild Moderate Stronger adhesion blunt dissection possible, partly sharp

dissection necessary; beginning of vascularization

3 Binding Vascular; easily lysed, but

bleeding of time of lysis

Strong adhesion; lysis possible by sharp dissection only;

clear vascularization

4 Mild severe Extensive

localized

Very strong adhesion; lysis possible by sharp dissection

only, organs strongly attached with severe adhesions;

damage of organs hardly preventable

5 Thick; requiring extensive

sharp surgical dissection

8 Severe Moderate

16 Severe Extensive
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reversal between early operated (range 4–15 weeks) and

late operated patients (range 16–100 weeks), although the

length of hospital stay was longer and the difficulty of the

operation was greater in the early operated patients [53].

Further prospective studies identifying the development

and optimal management of adhesions according to a

specifically designed time scale could enhance surgical

decisions regarding re-operations in patients with adhesions.

These studies would offer increased levels of evidence to

support clinical decisions made for the management of

adhesions.

The results of this study demonstrated that overall, more

than half of all abdominal procedures result in adhesion

formation (54 %). This high rate is associated with signif-

icant morbidity and mortality that warrant the consideration

of anti-adhesion strategies. Two recent meta-analyses have

reported the results using intraperitoneal prophylactic

agents, such as hyaluronic acid/carboxymethylcellulose

membranes, oxidized regenerated cellulose and expanded

polytetrafluoroethylene sheets, for reducing the incidence,

severity and extent of peritoneal adhesions [54, 55]. Further

investigations into the overall reduction of adhesion-spe-

cific complications by anti-adhesion agents and an assess-

ment of their cost-effectiveness are required to better

understand their clinical efficacy.

There is increasing evidence that can be used to identify

and decrease the effects of adhesion-inducing elements in

the context of any abdominal operation. These include the

presence of latex or powder on surgical gloves [56–58], the

operation time, blood loss [59] and development of

abdominal infections [60], which have all been demon-

strated to induce adhesions in animal models. Conversely,

the use of steroids [61, 62] and non-steroidal anti-inflam-

matory drugs [63–65] have been demonstrated to reduce

postoperative adhesion formation by decreasing the

inflammatory activity, whereas cytotoxic agents, such as

mitomycin C, can reduce adhesion formation via the

inhibition of fibroblast proliferation [66, 67]. An increased

awareness of these anti-adhesion strategies in a practical

setting may help decrease the long-term complications of

surgical adhesions.

Interestingly, the incidence and severity of adhesions

were higher in myomectomies as compared to caesarean

section, despite a similar tissue exposure associated with

both procedures. During normal pregnancy, there is a

marked increase in pro-coagulant activity and a reduction

in fibrinolytic activity [68, 69]. This conflicts with our

results showing decreased adhesions in this patient group,

and further research is necessary to identify the mecha-

nisms underlying adhesion formation in the physiological

environment of pregnancy.

There were several limitations to the present study. The

statistical pooling of observational studies is vulnerable to

the bias and confounding factors inherent in these studies

[70]. Most of the included studies were not comparative

studies, and were retrospective in origin and had a small

sample size, large heterogeneity and low scientific quality

due to a lack of validated adhesion scoring systems; we

suggest that an ideal scoring system for adhesions should

include the specific anatomical distribution, severity,

clinical complications and a quantified volume of intra-

abdominal adhesions. In our analysis, the various proce-

dures were pooled, because there were few published

studies classified by surgical procedure. Although lapa-

roscopy was used as a technique to assess adhesions in

68 % (17/25) of the included studies (a ‘‘second-look’’

surgery), this method may underestimate the occurrence of

adhesions deep in the abdominal cavity due to the limited

field of view. Furthermore, these results do not account for

the formation of adhesions in patients, who do not undergo

a follow-up laparotomy or laparoscopy. Consequently, our

results do not reflect the overall rates of formation of

adhesion after surgery (as this data is not available), but

represent the adhesion formation in patients, who under-

went a repeat diagnostic operation. Our results are also

biased to procedures that have reported postoperative

adhesion data in the literature. Considering the large

heterogeneity of the data sources, a formal subgroup analysis

by disease or symptoms from adhesions was not possible.

Of the 25 studies included in our analysis, 15 (60 %)

reported the results of postoperative adhesions after a

planned ‘‘second-look’’ procedure, seven studies (28 %)

identified the postoperative adhesion formation at a cae-

sarean operation that followed previous abdominal surgery

and three studies (12 %) identified adhesions during an

unplanned abdominal procedure where patients had clini-

cally significant abdominal symptoms. In the latter group,

the abdominal symptoms may or may not have been due to

their postoperative adhesions. Our results, therefore, likely

underestimated the actual adhesion rate, as patients with

non-symptomatic adhesions may not have undergone

diagnostic exploration of their abdomens postoperatively.

Furthermore, the studies analysed had variable follow-up

periods, so that there was a bias related to the length of

follow-up, and there was limited information on the for-

mation of adhesions over time. As a result, there is cur-

rently inadequate evidence available to predict which

patients will develop adhesions, where they will be located

and whether they will lead to postoperative complications.

Conclusions

The development of postoperative adhesions is an

increasingly recognized cause of postoperative complica-

tions ranging from pain to bowel obstruction. Typically,
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adhesions are diagnosed at a ‘‘second-look’’ laparotomy,

which is frequently inadequate and delayed. The incidence

and severity of postoperative adhesions vary by surgical

speciality and procedure. Gastrointestinal surgery and

myomectomy have the highest rates of postoperative

adhesion formation, whereas urological surgery and cae-

sarean section have the lowest rates. Laparoscopic gastro-

intestinal surgery is currently the only surgical modality

used to minimize the incidence and severity of adhesions

that can offer decreased complications and enhanced

recovery. Furthermore, the results of modern surgery have

revealed an improvement in the overall incidence of

adhesions as compared to surgery 30 years ago, which may

reflect the improvements in surgical practice and education

in addition to the development of minimally invasive sur-

gery. These results can be further enhanced by the appli-

cation of anti-adhesive films and pharmacological

therapies, such as hyaluronic acid/carboxymethylcellulose

membranes, oxidized regenerated cellulose and expanded

0.5 % ferric hyaluranate gels. Further experimental

research in adhesion biology may provide an increased

understanding of the molecular mechanisms underlying the

formation of adhesions, which may lead to novel strategies

for adhesion prevention and treatment, while also

improving adhesion awareness and the surgical consent

process. Future studies should apply well-designed com-

parative designs (such as prospective studies with follow-

up cohorts) in the context of internationally approved and

standardized scoring systems for the adhesion location and

severity. These should also consider the cost of adhesions

and the cost-effectiveness of their treatments. The high rate

of postoperative adhesions warrants the introduction of

increasingly innovative strategies for the reduction in sur-

gical adhesions to improve patient morbidity and mortality

and the cost of abdominal surgeries.
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