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ABSTRACT

Introduction
Adhesion formation is the most common complication following peritoneal surgery and 
the leading cause of small bowel obstruction, acquired infertility and inadvertent organ 
injury at re-operation. Using a ‘good surgical technique’ is advocated as a first step in 
preventing adhesions. However, the evidence for different surgical techniques to reduce 
adhesion formation needs confirmation.

Methods
Pubmed, Embase and CENTRAL were searched to identify randomized controlled trials 
that investigated the effect of various aspects of surgical technique on adhesion-related 
outcomes. Clinical outcomes and incidence of adhesions were the primary endpoints. 
Identification of papers and data extraction were performed by two independent 
researchers.

Results
There were 28 papers with 27 studies included for a systematic review. Of these, 17 
studies were eligible for meta-analysis and 11 for qualitative assessment only. None of 
the techniques that were compared significantly reduced the incidence of adhesive 
small bowel obstruction. In a small low-quality trial, the pregnancy rate increased after 
subserous fixation of suture knots. However, the incidence of adhesions was lower after 
laparoscopic compared with open surgery [relative risk (RR) 0.14; 95% confidence interval 
(CI): 0.03–0.61] and when the peritoneum was not closed (RR 0.36; 95% CI: 0.21–0.63).

Conclusions
None of the specific techniques that were compared reduced the two main adhesion-
related clinical outcomes, small bowel obstruction and infertility. The meta-analysis 
provides little evidence for the surgical principle that using less invasive techniques, 
introducing less foreign bodies or causing less ischaemia reduces the extent and severity 
of adhesions.
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INTRODUCTION

Post-operative adhesions form as a result of peritoneal injury in abdominal and pelvic 
surgery, abdominal inflammatory diseases and infection (Lower et al., 2004; Parker et al., 
2005; Duron, 2007; van Goor, 2007). Adhesions may cause a wide variety of morbidities, 
including adhesive small bowel obstruction (ASBO), acquired female infertility, chronic 
abdominal pain and inadvertent organ injury during repeat surgery (Nieuwenhuijzen et 
al., 1998; Van Der Krabben et al., 2000; Swank et al., 2003; Foster et al., 2006; Nakagawa 
et al., 2007; Godinjak and Idrizbegovic, 2008). The risk for adhesion-related complication 
is highest following colorectal surgery and surgery of the ovaries, with a 10-year risk of 
readmission directly related to adhesions as high as 8.8 and 7.5%, respectively (Ellis et al., 
1999; Lower et al., 2000; Parker et al., 2001).

Prevention of post-surgical adhesion formation is the only way to combat adhesion-related 
morbidity because proper medical treatment does not exist and surgical adhesiolysis 
has the drawback of adhesion reformation. The first step in preventing post-operative 
adhesions is applying a so-called ‘good surgical technique’ minimizing injury to serosal 
surfaces and the parietal peritoneum. The significance of minimizing peritoneal injury 
had been emphasized in numerous reports, however, without substantiating on what 
constitutes good surgical technique from a number of anti-adhesion measures and agents.

Aspects of surgical technique often mentioned in literature to be associated with 
(reduction of) adhesion formation are laparoscopy, closure of the parietal peritoneum, 
foreign bodies (e.g. glove powder, sutures and meshes), electrocautery, infection 
(prevention) and peritoneal lavage. Some studies show conflicting results. Recent clinical 
observational studies demonstrated a lower incidence of adhesions following laparoscopy 
in comparison with open surgery (Levrant et al., 1997; Audebert and Gomel, 2000; 
Milingos et al., 2000; Polymeneas et al., 2001). However, laparoscopy did not significantly 
reduce adhesion-related morbidity in a large population-based study (Lower et al., 2004). 
Animal experiments demonstrated an unfavourable effect of CO2 pneumoperitoneum at 
laparoscopy on peritoneal perfusion, reactive oxygen species formation and desiccation 
of the periton- eum, all of which are factors known to induce adhesion formation (Binda 
et al., 2003). Peritoneal closure in order to reduce adhesion formation is much debated, 
especially following a Caesarean section (Kadanali et al., 1996; Tulandi and Al-Jaroudi, 
2003; Lyell et al., 2005). Animal studies have demonstrated that the choice of suture 
material influences adhesion formation by its effect on the inflammatory response and 
that unipolar electrocautery causes more thermal injury to the peritoneum than ultrasonic 
dissection in a rat model of direct peritoneal injury (Bakkum et al., 1995; ten Broek et al., 
2010).
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Table 1. Predefined	search	terms	used	in	Pubmed

Patients

1. abdo*[Title/Abstract]

2. intraabdominal[Title/Abstract]

3. peritoneal[Title/Abstract]

4. intraperitoneal[Title/Abstract]

5. laparoscop*[Title/Abstract]

6. laparotom*[Title/Abstract]

7. myomect*[Title/Abstract]

8. gyne*[Title/Abstract]

9. surgi*[Title/Abstract]

10. surge*[Title/Abstract]

11. leostom*[Title/Abstract]

12. colon*[Title/Abstract]

13. color*[Title/Abstract]

14. pelv*[Title/Abstract]

15. cesarean section [Title/Abstract]

16. caesarean section [Title/Abstract]

17. COMBINE 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16

Interventions

18. electrocoag*[Title/Abstract]

19. electrotherm*[Title/Abstract]

20. ultrason*[Title/Abstract]

21. harmonic scalpel[Title/Abstract]

22. ultracision[Title/Abstract]

23. periotneal[Title/Abstract]

24. peritoneum[Title/Abstract]

25. lavage[Title/Abstract]

26. sutur*[Title/Abstract]

27. closure[Title/Abstract]

28. powder[Title/Abstract]

29. foreign*[Title/Abstract]

30. laparoscop[Title/Abstract]

31. laparotom*[Title/Abstract]

32. hydra[Title/Abstract]

33. conditioning[Title/Abstract]

34. antibio*[Title/Abstract]

35. laser[Title/Abstract]

36. COMBINE 18 OR 19 OR 20 OR 21 OR 22 OR 23 OR 24 OR 25 OR 26 OR 27 OR 28 OR 29 OR 30 OR 31 OR 32 OR 33 OR 34 OR 35

Control

–

Outcome

37. adhesi*[Title/Abstract]

38. tissue adhesions[MeSH Terms]

39. COMBINE 37 OR 38

Total

40. COMBINE 17 AND 36 AND 39

Similar keywords were used for searching Embase
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A recent questionnaire among Dutch surgeons indicated that many questions exist 
regarding the influence of surgical technique on adhesion formation and there seems to 
be a need for clear recommendations and guidelines in order to adhere to the best surgical 
technique based on the best available clinical evidence (Schreinemacher et al., 2010).

A few randomized clinical studies have been published investigating certain aspects 
of surgical technique with regard to peritoneal adhesion formation. The endpoints 
of these studies vary from direct observation of the incidence of adhesions during 
second-look surgery to assessment of the fibrinolytic response to peritoneal injury as an 
indirect measure of adhesion formation. Although these studies indicate a pivotal role 
for fibrinolysis in adhesion formation, fibrinolytic activity has never been validated as a 
surrogate outcome for the incidence of adhesions or related morbidity (Ivarsson et al., 
1998).

This study aimed to systematically review all randomized clinical trials (RCTs) comparing 
surgical techniques in patients undergoing abdominal or pelvic surgery with direct 
endpoints of adhesion formation to obtain evidence of good surgical techniques that 
reduce adhesion formation.

METHODS

Search
A comprehensive literature search was carried out in Pubmed, Embase and CENTRAL. 
A list of predefined search terms was combined with the Cochrane Highly Sensitive 
Strategy for Pubmed (Table 1). Similar keywords were used for searching Embase and 
CENTRAL. The EMBASE search was combined with the sensitivity maximizing search 
strategy described by Wong et al. (2006). No language or date restrictions were applied. 
The latest search was carried out on 1 October 2011. A manual search of the bibliographies 
of relevant papers was carried out to identify additional studies for possible inclusion.

Paper selection
Identified articles were screened for the following inclusion criteria in title and abstract: 
patients undergoing intra-peritoneal surgery; comparison of different surgical techniques; 
at least one of the outcome measures as defined below and randomized trials. If in doubt, full 
text of articles was retrieved. Multiple publications of one original RCT were excluded when 
the papers did not add new information for quality assessment of the predefined outcomes.

Outcomes
Primary outcomes were the incidence of ASBO, pregnancy rate and incidence of adhesions 
at second-look surgery (Diamond et al., 2010). ASBO was regarded as a valid outcome only 
if the diagnostic criteria for ASBO were clearly described. Pregnancy rate was regarded as a 
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valid measure of clinical success only in those studies where the included patients underwent 
gynaecologic surgery and had a clear pregnancy desire. Both the total number of clinical 
pregnancies and live births were analysed. Secondary endpoints were the site-specific 
incidence of adhesions and the standardized mean difference (SMD) in adhesion score.

Data and statistical analysis
Identification of papers and extraction of data were performed by two independent 
researchers (R.P.G.B. and N.K.-K.) and discrepancies were resolved through discussion 
under supervision of a third author (H.G.). We described outcomes and risk of bias of all 
articles, using the Cochrane Collaboration’s tool for assessing risk of bias. Studies were 

Figure 1 Quorom flow chart illustrating the selection procedure of relevant articles. RCT, randomized clinical trial.

Figure 1.	 Quorom	flow	chart	illustrating	the	selection	procedure	of	relevant	articles.	RCT,	randomized	clinical	trial
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eligible for meta-analysis if the methods of follow-up were adequate for the outcome 
and necessary statistics could be retrieved. Follow-up was considered ad- equate if the 
length of follow-up was sufficient for the outcome to occur, data were obtained from a 
prospective source and, 20% of patients were lost to follow-up. If statistics for meta-
analysis were not provided or inconsistent in the full text of articles, email contact or, if 
necessary, telephone contact with the primary author was made to obtain the missing 
data. If the author could not provide these data, the main findings were only described and 
the study was excluded from meta-analysis.

Data extraction and meta-analysis were performed following the recommendations of the 
Cochrane Handbook and QUOROM statement. Studies designed to assess an adhesion 
end-point, with low risk of bias on at least three domains, 10% of patients lost to follow-up 
and no import- ant flaws in design were considered high-quality RCTs. When appropriate, 
a separate analysis was made for high-quality and low-quality studies in addition to the 
pooled analysis. The Mantel–Haenszel method was applied for pooling of dichotomous 
data and presented as relative risk (RR) with 95% confidence interval (CI). The inverse 
variance method was used for pooling continuous data and this was presented as SMD and 
95% CI. A fixed-effects model was applied for meta-analysis. In the presence of significant 
heterogeneity, a random effects model was applied. Heterogeneity was tested with x² and 
I² test. An I² value ≥ 50% or a P-value <0.05 was considered significant. Data were analysed 
using Review Manager 5.0 (The Cochrane Collaboration, Copenhagen, Denmark).

A summary of the results from the meta-analysis was presented in a figure showing the 
number of studies, number of participants and relative risk with 95% CIs for all primary 
outcomes per comparison of techniques

RESULTS

Description and quality of included studies
Searches identified 3912 publications. After removal of duplicates, abstracts and titles of 
2854 publications were assessed. There were 59 potentially relevant papers were identified 
from title and abstract, and 31 papers were excluded. One paper was written in Romanian 
language and full text could not be retrieved. The other 30 papers were excluded from 
analysis after reading the full text. There were 25 papers excluded because they did not 
compare different surgical techniques or did not report an adhesion-related outcome. Four 
papers encompassed studies already included and provided no additional information on 
outcomes or methodology. Only one paper described a study protocol (Fig. 1). Finally, 
28 papers describing 27 studies were included. Two papers of Lundorff et al. (1991, 1992) 
reported results on different outcomes of the same trial. The methodological quality of 
most studies was poor, the median number of domains with low risk of bias was 2 (range 
0–5; Table 2). The low-quality resulted from inadequate description of randomization 
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Table 2. Risk of bias assessment summary

Reference Adequate 
sequence 
generation

Allocation 
concealment

Blinding 
(observer)

Adequate 
reporting 
on loss to 
follow-up

Power 
analysis

Free of other 
sources of 
bias

Domains 
with low risk 
of bias (n)

Comment—other source of bias

Alborzi et al. (2003) YES NR NO NO NR NO 1 Adhesion score used is highly subjective

Eshuis et al. (2010)a YES YES NO NO YES YES 4

Fujishita et al. (2004) YES NR NO NO NR NO 1 Not all randomized patients had pregnancy desire; No fertility analysis described

Franchi et al. (1997) YES NR NR YES YES YES 4

Gurgan et al. (1991) NR NR NR NR NR NR 0 Randomization of patients not explicitly reported

Gurgan et al. (1992) YES NR NO YES NR NR 2 No assessment and comparison of adhesion in initial surgery

Kadanali et al. (1996) NR YES YES YES NR NR 3 Length till second look operation not described

Kapustian et al. (2011) YES NR YES NO YES NO 3 Repeat Caesarean section might introduce selection bias

Komoto et al. (2006) NO NO NO NO NR NO 0 Repeat Caesarean section might introduce selection bias

Lundorff (1991 0 1992) YES YES N O NO NR NO 2 Second look not planned for all randomized patients; Not all randomized patients had 
pregnancy desire

Malvasi et al. (2009) NO NO NO YES NR NR 1 Repeat Caesarean section might introduce selection bias

Mercorio et al. (2008) YES YES NO YES NR YES 4

Nabhan (2008) YES YES NO NO YES NO 3 Repeat Caesarean section might introduce selection bias

Ng et al. (2009)a YES YES NO YES YES YES 5

Pellicano et al. (2005) NO NR NO YES NR NO 1 No fertility analysis described

Pellicano et al. (2008) YES NR YES YES NR NO 3 Problems with statistical analysis

Roy et al. (2009) NR NR NR YES NR NO 1 Second look only in patients who failed to conceive, excluded for outcome second look

Sharma et al. (2006) YES NR NR YES NR NO 2 Fertility analysis described is incomplete; Pregnancy rate in abstract does not correspond to 
rate in full text.

Stocchi et al. (2008) NR NR NR YES NR NO 1 No prospective follow-up; might have included some patients before start of randomization

Takahashi et al. (2007) NR NR NO YES NR YES 2 Randomization of patients not explicitly reported

Talwar et al. (1997) NO NO NO NR NR NO 0 Criteria for clinical diagnosis of ASBO not given

Taskin et al. (1999) YES NR NR NR NR NO 1 Inconsistencies in reported outcomes

Taylor et al. (2010) YES YES NR NO YES NO 3 No prospective follow-up

Tulandi (1986) NR NR NR NR NR NR 0 Overall methodology poorly described

Tulandi and Guralnick (1991) NR NR NR NR NR NR 0 Inconsistencies in reported outcomes

Weerawetwat et al. (2004) NR NR YES NO NR NO 1 Repeat Caesarean section might introduce selection bias

Zareian and Zareian (2006) YES YES NR NO NR NO 2 Repeat Caesarean section might introduce selection bias



105

7

Different surgical techniques to reduce post-operative adhesion formation

Table 2. Risk of bias assessment summary

Reference Adequate 
sequence 
generation

Allocation 
concealment

Blinding 
(observer)

Adequate 
reporting 
on loss to 
follow-up

Power 
analysis

Free of other 
sources of 
bias

Domains 
with low risk 
of bias (n)

Comment—other source of bias

Alborzi et al. (2003) YES NR NO NO NR NO 1 Adhesion score used is highly subjective

Eshuis et al. (2010)a YES YES NO NO YES YES 4

Fujishita et al. (2004) YES NR NO NO NR NO 1 Not all randomized patients had pregnancy desire; No fertility analysis described

Franchi et al. (1997) YES NR NR YES YES YES 4

Gurgan et al. (1991) NR NR NR NR NR NR 0 Randomization of patients not explicitly reported

Gurgan et al. (1992) YES NR NO YES NR NR 2 No assessment and comparison of adhesion in initial surgery

Kadanali et al. (1996) NR YES YES YES NR NR 3 Length till second look operation not described

Kapustian et al. (2011) YES NR YES NO YES NO 3 Repeat Caesarean section might introduce selection bias

Komoto et al. (2006) NO NO NO NO NR NO 0 Repeat Caesarean section might introduce selection bias

Lundorff (1991 0 1992) YES YES N O NO NR NO 2 Second look not planned for all randomized patients; Not all randomized patients had 
pregnancy desire

Malvasi et al. (2009) NO NO NO YES NR NR 1 Repeat Caesarean section might introduce selection bias

Mercorio et al. (2008) YES YES NO YES NR YES 4

Nabhan (2008) YES YES NO NO YES NO 3 Repeat Caesarean section might introduce selection bias

Ng et al. (2009)a YES YES NO YES YES YES 5

Pellicano et al. (2005) NO NR NO YES NR NO 1 No fertility analysis described

Pellicano et al. (2008) YES NR YES YES NR NO 3 Problems with statistical analysis

Roy et al. (2009) NR NR NR YES NR NO 1 Second look only in patients who failed to conceive, excluded for outcome second look

Sharma et al. (2006) YES NR NR YES NR NO 2 Fertility analysis described is incomplete; Pregnancy rate in abstract does not correspond to 
rate in full text.

Stocchi et al. (2008) NR NR NR YES NR NO 1 No prospective follow-up; might have included some patients before start of randomization

Takahashi et al. (2007) NR NR NO YES NR YES 2 Randomization of patients not explicitly reported

Talwar et al. (1997) NO NO NO NR NR NO 0 Criteria for clinical diagnosis of ASBO not given

Taskin et al. (1999) YES NR NR NR NR NO 1 Inconsistencies in reported outcomes

Taylor et al. (2010) YES YES NR NO YES NO 3 No prospective follow-up

Tulandi (1986) NR NR NR NR NR NR 0 Overall methodology poorly described

Tulandi and Guralnick (1991) NR NR NR NR NR NR 0 Inconsistencies in reported outcomes

Weerawetwat et al. (2004) NR NR YES NO NR NO 1 Repeat Caesarean section might introduce selection bias

Zareian and Zareian (2006) YES YES NR NO NR NO 2 Repeat Caesarean section might introduce selection bias



106

Chapter 7

Table 3. Characteristics of trials included in meta-analysis

Study Period Patients Interventions n Outcomes Lost to follow-up per outcome Follow-up in months

Laparoscopy versus laparotomy

Eshuis (2010) 1999–2003 Ileocolic resection for Chrohns disease Laparoscopy 30 ASBO—reoperation 5/60 (8.3%) 68–95

Laparotomy 30

Ng (2009) 1993–2002 Anterior resection for upper rectal cancer Laparoscopy 76 ASBO—reoperation 5/153 (3.3%) 71–168

Laparotomy 77 ASBO—clinical 5/153 (3.3%)

Lundorff (1991 + 1992) 1987–1989 Patients with ectopic pregnancy. Laparoscopy 48 Pregnancy 18/105 (17.1%) 1–36

Laparotomy 57

Takahashi (2007) NR Polycystic ovarian syndrome Laparoscopy 39 Second look 0/76 (0%) 1 week

Laparotomy 37 Pregnancy 0/76 (0%) 12

Peritoneal closure versus no peritoneal closure

Kadanali (1996) 1992–1995 Lymphadenectomy in ovarian cancer Peritoneal closure 50 Second look 0/102 (0%) NR

No peritoneal closure 52

Franchi (1997) 1991–1995 Hysterectomy and pelvic node dissection Peritoneal closure 59 ASBO—reoperation 0/120 (0%) 11–72

No peritoneal closure 61

Malvasi (2009) 2003–2007 Caesarean section Peritoneal closure 54 Second look 0/112 (0%) NR

No peritoneal closure 58

Haemostasis - Laser versus electrocautery

Gurgan (1991) NR Poly Cystic ovarian syndrome Laser 10 Second look 0/17 (0%) 3–4 weeks

Electrocautery (unipolar) 7 Pregnancy 0/17 (0%) 6

Tulandi (1986) NR Periadnexal adhesions Laser 30 Pregnancy 0/63 (0%) NR

Electrocautery (unipolar) 33

Sutures versus Electrocautery

Pellicano (2008) 2004–2005 Ovarian endometrioma Suturing 16 Second look 5/32 (15.6%) 60–90 days

Electrocautery (bipolar) 16

Second look surgery versus no second look surgery

Alborzi (2003) NR Adnexal adhesions Second look 46 Pregnancy 0/90 (0%) 12

No second look 44

Gurgan (1992) NR Poly Cystic ovarian syndrome Second look 19 Pregnancy 0/39 (0%) 6

No second look 20

Various techniques in laparoscopic surgery for polycystic ovarian syndrome

Sharma (2006) NR Poly Cystic ovarian syndrome Unipolar electrocautery 10 Pregnancy 0/20 (0%) NR

Bipolar electrocautery 10

Mercorio (2008) 2002–2006 Poly Cystic ovarian syndrome 12 punctures 96a Second look 12/182a (6,3%) 4–9 weeks

6 punctures 96a 96a

Roy (2009) 2005–2007 Poly Cystic ovarian syndrome Bilateral 22 Pregnancy 0/44 12

 Unilateral 22

Miscellaneous

Pellicano (2005) 2001–2002 Laparoscopic myomectomy Subserous sutures 18 Pregnancy 0/36 12

Figure-eigth sutures 18

Talwar (1997) 1994–1996 Typhoid enteric perforation-type of incision Rutherford–Morrison 27 ASBO 0/56 4–12

Right paramedian 29

NR, not reported;  Randomization unit is ovary
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Table 4. Characteristics of studies included in qualitative assessment

Study Period Patients Interventions n Outcomes Lost to follow-up per outcome Follow-up in months

Laparoscopy versus laparotomy

Lundorff (1991–1993) 1987–1989 Patients with ectopic pregnancy Laparoscopy 48 Second look 32/105 (27.8%) 12 weeks

Laparotomy 57 Pregnancy 18/105 (17.1%) 1–36

Stocchi (2008) NR Ileocolic resection for chrohns disease Laparoscopy 27 ASBO - reoperation 0/27 (0%) 120+38a

Laparotomy 29 0/29 (0%) 132+17a

Taylor (2010) 1996–2002 Colorectal cancer Laparoscopy 526 ASBO - reoperation 246/526 (46.8%) 36

Laparotomy 268 131/268 (48.9%)

Peritoneal closure versus no peritoneal closure

Kapustian (2011) 2004–2007 Caesarean section Peritoneal closure 47 Second look 436/533 (81.8%) NR

No peritoneal closure 50

Komoto (2006) 1995–2000 Caesarean section Peritoneal closure 70 Second look 74/124 (59.7%) NR

No peritoneal closure 54

Weerawetwat (2004) 1987–1991 Caesarean section Peritoneal closure 240 Second Look 295/360 (81.9%) NR

No peritoneal closure 120

Zareian (2006) 1999–2004 Caesarean section Peritoneal closure 24 Second Look 14/45 (31.1%) NR

No peritoneal closure 21

Techniques in Cesarean section

Nabhan (2008) 2002–2007 Caesarean section Pfannenstiel–Kerr 300 Second Look 476/600 (79.3%) NR

Joel–Cohen–Stark 300

Suturing versus no suturing following salpingotomy

Fujishita (2004) 1996–2002 Salpingotomy for ectopic pregnancy Sutures 32 Pregnancy 43/75 (57.3%) 6–65

No sutures 43

Tulandi (1991) NR Salpingotomy for ectopic pregnancy Sutures 19 Second Look 8/19 (42.1%) 24

No sutures 15 8/15 (53.3%)

Taskin (1999) NR Poly Cystic ovarian syndrome Microlaparoscopy 9 Second Look ?/9 2–3 weeks

Laparoscopy 9 ?/9

Randomization unit is ovary. NR; not reported.
Median (range).
a Mean+SD.
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Laparoscopy 9 ?/9

Randomization unit is ovary. NR; not reported.
Median (range).
a Mean+SD.
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methods, lack of observer blinding and lack of power analysis. Ten studies had high rates 
of withdrawals and dropouts or gave no explanation for loss to followup. Eight of these 
had rates of patients lost to follow-up varying between 31.1 and 81.9%; five of these 
studies addressed Caesarean section. Two further confounders were detected that might 
have influenced the validity of the outcome parameters. In five studies, second look was 
performed by a repeat Caesarean section. This might have introduced a selection bias 
at the second-look operation, because patients who develop periadnexal adhesions have 
more difficulty conceiving a second time. Three studies with pregnancy as an outcome 
parameter described no or incomplete fertility assessment of patient and partner. Of 
the 28 papers, 17 were included in the meta-analysis (see Table 3 for characteristics). 
The remaining 11 papers were excluded from meta-analysis because of inconsistency 
in data or inadequate follow-up. Two papers had inconsistencies in the presented data, 
which could not be resolved via email contact with the authors (Tulandi and Guralnick, 
1991; Taskin et al., 1999). In two papers, the incidence of small bowel obstruction was 
established using retrospective data from operative notes (Stocchi et al., 2008; Taylor 
et al.,2010) In the remaining papers more than 20% of patients did not return for the 
second-look operation (Table 4). All 27 studies were published between 1986 and 2010 

Figure 2 Summary of meta-analysis presenting relative ratio with CI for primary outcomes per comparison of techniques.

Figure 2. Summary of meta-analysis presenting relative ratio with CI for primary outcomes per comparison of techniques
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and addressed different topics of surgical technique. There were 23 studies performed 
in patients undergoing gynaecological surgery and four studies in patients undergoing 
general abdominal surgery. Five topics of surgical technique were studied in more than 
one study; closure of the parietal peritoneum (seven papers), laparoscopy or laparotomy 
(six papers), use of laser during surgery (two papers) and suturing following salpingotomy 
(two papers). Two studies in women with acquired infertility compared fertility rates after 
single stage fertility surgery versus fertility surgery with a second-look laparoscopy. Other 
topics were the technique used for Caesarean section, the use of sutures in comparison 
to electrocautery to achieve haemostasis, two suturing techniques in laparoscopic 
myomectomy, two suturing methods following salpingotomy, the type of incision in the 
operative treatment of bowel perforation and a variety of techniques for laparoscopic 
ovarian drilling in patients with polycystic ovarian syndrome. Median sample size was 75 
(range: 17–794).

Outcomes
Results from the meta-analysis are summarized in Fig. 2. Results per comparison and the 
results from qualitative assessment of the 11 papers not suitable for meta-analysis are 
described in detail below.

Laparoscopy versus laparotomy
Six papers were published comparing adhesion formation between laparoscopy and 
laparotomy. Four studies of patients undergoing bowel resection reported on ASBO 
as secondary end-point and thus were not powered for ASBO. Two trials assessing 
incidence of ASBO were suitable for meta-analysis (Ng et al., 2009; Eshuis et al., 2010). 
The incidence of ASBO confirmed by surgery was not significantly different between 
patients undergoing laparoscopy or laparotomy (RR 0.14; 0.02–1.12; P < 0.06). Ng et al. 
(2009) additionally reported the incidence of clinical suspicion of ASBO, which was lower 
in patients undergoing laparoscopy (RR 0.14; 95% CI: 0.03– 0.61; P < 0.008). Two trials 
compared pregnancy rate following laparoscopic or open surgery (Lundorff et al., 1992; 
Takahashi et al., 2007). The results were highly heterogeneous (I². 72%). Using a random 
effects model, there was no significant difference in clinical pregnancy rate (RR 1.28; 95% 
CI: 0.94–1.74; P < 0.12). There was also no significant difference in live births in one study 
(RR 0.88; 95% CI: 0.40–1.90; Lundorff et al., 1992a, b). Adhesions at second look were 
found in 1/39 patients (2.6%) after laparoscopy, compared with 30/37 patients (81.1%) 
after open gynaecological surgery (RR 0.03; 95% CI: 0.00– 0.22; P < 0.001) in one trial 
(Takahashi et al., 2007). Two studies analysed the incidence of ASBO retrospectively in 
cohorts previously randomized between laparoscopic or open colorectal surgery. Taylor 
et al., (2010) found no significant difference in the incidence of ASBO between patients 
operated laparoscopically or by open surgery (7/280; 2.5% versus 4/131; 3.1%; P=0.749). 
In the study of Stocchi et al. (2008) 2/27 patients in the laparoscopic group versus 0/29 
patients in the open group required re-operation for ASBO (P = 0.23).
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The study of Lundorff et al. (1991) was excluded for meta-analysis on the outcome 
incidence of adhesions because 27.8% of randomized patients did not return for a second 
look laparoscopy. In this study, the incidence of adhesions was 18/31 (58.1%) following 
laparoscopic and 33/42 (78.6%) following open surgery, but this difference was not 
significant (P =0.08). 

Peritoneal closure 
Seven of the included studies compared adhesion formation after peritoneal closure or 
non-closure of the peritoneum. Three trials were eligible for meta-analysis (Kadanali 
et al., 1996; Franchi et al., 1997; Malvasi et al., 2009). One high-quality trial studied the 
incidence of ASBO following hysterectomy and pelvic node dissection in 120 patients. 
Only one patient in the non-closure group was re-operated for ASBO, with the adhesive 
band found at the plane of the pelvic node dissection. The difference was not significant 
(2.95; 95% CI: 0.12–73.9; P =0.51; Franchi et al., 1997). The incidence of adhesions was 
significantly lower when the peritoneum was left open in one trial (RR 0.36; 95% CI: 0.21 
– 0.63; P < 0.001; Malvasi et al., 2009). The adhesion score was significantly lower in a 
high-quality trial in patients with ovarian cancer, when the peritoneum was not closed 9.1 
+ 2.8 versus 6.1 + 2.4; SMD 21.14 (95% CI: 21.56, 20.72; P < 0.001; Kadanali et al., 1996). 

Four studies investigating adhesion formation after closure or non- closure of the 
peritoneum in Caesarean section were excluded from meta-analysis because only a small 
portion of patients returned for a second operation with evaluation of adhesion formation 
(Weerawetwat et al., 2004; Komoto et al., 2006; Zareian and Zareian, 2006; Kapustian et 
al., 2011). The results from these studies were highly heterogeneous (I² 67%) and a mean 
of 77.1% of patients were lost to follow-up. No conclusions could be drawn from these 
studies on the incidence of adhesions after closure or non-closure of the peritoneum (RR 
1.02; 95% CI: 0.43–2.40; P = 0.97). 

Two techniques of Caesarean section 
The study of Nabhan et al. on Caesarean section was separately analysed because the 
operative technique between the experimental and control group differed on more aspects 
than peritoneal closure alone. This study was not suitable for meta-analysis because 
79.3% of patients were lost to follow-up (Nabhan, 2008). In the standard tech- nique 
control group, Caesarean section was performed using the traditional Pfannenstiel–Kerr 
technique, making a bladder flap and closing the peritoneum. In the modified technique 
group, the Joel–Cohen– Stark technique (based on the Misgav Ladach technique) was 
used, without making a bladder flap and without closing the peritoneum. The incidence 
of adhesions was significantly lower in the modified technique group (11.3 versus 35.5%; 
P=0.003; Nabhan, 2008). Obviously, this reduction cannot solely be attributed to 
peritoneal non-closure. 
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Two trials compared pregnancy rates between patients treated with laser and patients 
treated with unipolar electrocautery (Tulandi, 1986; Gurgan et al., 1991). Gurgan et 
al. randomized between electro-cautery and ND:YAG laser in 17 patients and Tulandi 
et al. randomized 63 patients between CO2-laser and electrocautery. There were no 
differences in pregnancy rate using laser devices compared with electrocautery (RR 0.93; 
95% CI: 0.62 – 2.21.371; P = 0.70). No information could be obtained on the number of 
live births follow- ing conception. All patients who conceived in the trial of Gurgan et al. 
(1991) had intrauterine pregnancies. Three of the pregnancies in the trial of Tulandi (1986) 
were ectopic, two in the diathermy group and one in the laser group; the difference was 
not significant. Gurgan et al. (1991) additionally found no difference in the incidence of 
adhesions during a second look laparoscopy (RR 0.93; 95% CI: 0.62–1.44; P =0.75). 

Pellicano et al. (2008) randomized 32 women undergoing surgery for ovarian 
endometrioma. Haemostasis was achieved by intra-ovarian suturing with only light 
additional coagulation if necessary or by using bipolar coagulation only. The adhesion 
score, expressed by the Ameri- can Society for Reproductive Medicine score, was 
significantly lower in the suturing group at a second look, 5.4+2.1 versus 10.3+2.9 (SMD 
21.87; 95% CI: 22.79, 20.94; P <0.001). The incidence of adhesions was not significantly 
different (RR 0.54; 95% CI: 0.21– 1.37; P = 0.19; Pellicano et al., 2008). 

Second-look fertility surgery
Two trials in fertility surgery compared pregnancy rates between patient undergoing 
single-stage fertility surgery and patients who had a second-look laparoscopy (Gurgan et 
al., 1992; Alborzi et al., 2003) There were 129 patients randomized and there was no loss to 
follow-up. The pregnancy rate was 22/65 (33.8%) in  patients with a second-look surgery 
compared with 30/64 (46.9%) after single- stage surgery (RR 0.73; 95% CI: 0.48 – 1.11; P= 
0.14). In the trial of Alborzi et al. (2003) the number of live births was 11/46 (23.9%) in the 
second-look group, compared with 15/44 (34.1%) in the single- stage surgery group (RR 
0.55; 95% CI: 0.30 – 1.03; P= 0.06).

Suturing in salpingotomy
Two studies analysing pregnancy rates after suturing or no suturing following salpingotomy 
were included in the qualitative assessment. Fujishita et al. analysed the pregnancy rate 
in 32 patients with a pregnancy desire. In the group without suturing, 15/19 (78.9%) 
conceived, compared with 12/13 (92.3%) in the group with suturing after the salpingotomy. 
The difference was not significant (P =0.27; Fujishita et al., 2004). The number of live births 
was not reported. Tulandi and Guralnik (1991) reported the intrauterine pregnancy rate 
after randomizing 34 patients to salpingotomy with or without suturing. The reported 
2-year pregnancy rate was 45% in the nonsuturing group and 47% in the suturing group.
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Laparoscopic ovarian drilling
Three trials addressed distinct aspects of laparoscopic ovarian drilling in patients with 
polycystic ovarian syndrome. The clinical pregnancy rate was comparable in one study 
randomizing 44 patients between unilateral and bilateral treatment (RR 1.00; 0.52, 1.91; 
P= 1.00); in both groups 10/22 patients became pregnant. The number of live births was 
8/22 in the unilateral group and 9/22 in the  bilateral group (RR 0.89; 95% CI: 0.42 – 1.88; 
P =0.74; Roy et al., 2009).

Sharma et al. studied the pregnancy rate following laparoscopic ovarian drilling after 
randomizing between bipolar or unipolar electrocautery in 20 patients. In the bipolar 
group  7/10 (70%) patients conceived, compared with 5/10 (50%) in the unipolar group (RR 
1.40; 95% CI: 0.67, 2.94; P= 0.37). The number of live births was four in the unipolar group 
and was not reported for the bipolar group, thus comparison was not possible (Sharma et 
al., 2006). Mercorio et al. randomized the right and left ovaries to 6 or 12 puncture holes in 
90 women undergoing bilateral ovarian drilling using a unipolar electrocautery technique. 
The site-specific incidence of adhesions was 41/90 or 42/90, respectively, after 6 or 12 
punctures (RR 0.98; 95% CI: 0.71 – 1.34; P= 0.88; Mercorio et al., 2008).

Miscellaneous
Pellicano et al. compared two techniques of suturing in patient under- going laparoscopic 
myomectomy. Subserous suturing was done with a first deep uterine crossing of the 
suture and a second subserous transfixation of the knot. This was compared with deep 
figure of eight suturing as the standard treatment (Pellicano et al., 2005). Both suturing 
methods where tested among two groups, one with and one without additional use 
of an anti-adhesive hyaluronic acid gel. A trend towards a higher pregnancy rate was 
demonstrated for the subserous sutures in both the anti-adhesive gel group and the group 
without adhesion barrier. Clinical pregnancy rate was significantly higher when comparing 
subserous sutures (14/18; 77.8%) to standard sutures (7/18; 38.9%) when analysing the 
adhesion barrier and non-barrier groups together (RR 2.56; 95% CI: 1.11, 5.87; P =0.03). 
The number of live births was not reported.

Talwar et al. (1997) analysed the incidence of ASBO in 56 patients with small bowel 
perforation in enteric fever, comparing a right para- median incision to a Rutherford – 
Morrison incision. The Rutherford – Morrison incision is a right iliac incision similar to the 
muscle splitting incision used for appendectomy except that all muscle fibres are cut in 
the same line. In both groups, one patient required re-operation for ASBO (RR 1.07; 95% 
CI: 0.7 – 16.33; P =0.96). Clinically suspected ASBO could not be analysed because the 
methods of follow-up and criteria for clinical diagnosis of ASBO were not reported.
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DISCUSSION

Summary of evidence
Surgical techniques aiming to reduce adhesion formation included a large variety of 
technical aspects. None of the different techniques or approaches evidently showed a 
reduction of the main adhesion- related complications ASBO and infertility. The incidence 
of ASBO, established by re-operation, was not significantly different in any comparison. 
The clinical suspicion of ASBO was lower following laparoscopy compared with open 
surgery in one study. The incidence of adhesions was lower following laparoscopy than 
laparotomy and when the peritoneum was left open compared with peritoneal closure. 
However, the evidence for a lower incidence of adhesions was limited to a single small 
RCT and conflicting results were found in the qualitative assessment of lower quality 
studies. The pregnancy rate was significantly higher in one study after subserous fixation 
of sutures compared with standard sutures in a small low-quality RCT.

Strengths and limitations of the review
The present study is the first systematic review and meta-analysis of the impact of different 
surgical techniques on adhesion formation. The available evidence is predominantly from 
surgery of gynaecologic origin, particularly related to fertility (Metwally et al., 2006; 
Ahmad et al., 2008). This type of surgery is often chosen in adhesion prevention research, 
because of the historical awareness of the adhesion problem within the European and the 
American fertility societies, and because the surgery includes a second-look procedure 
and prevention of local adhesion (re)formation  corresponds  with clinical success (1988; 
diZerega, 1993; Marana et al., 1995; Nappi et al., 2007).

The failure to demonstrate an effect on a relevant clinical end-point such as ASBO and 
pregnancy in this meta-analysis has several causes. Most studies were designed to detect 
a difference in adhesion incidence or score. Studies with an end-point ASBO or pregnancy 
included a too small numbers of patients to draw meaningful conclusions. Particularly in 
gynaecological studies, a substantial portion of patients were lost to follow-up decreasing 
the number of evaluable patients. The feasibility of showing a difference in ASBO and 
pregnancy rates in adhesions prevention studies is a subject of debate because of the 
multifactorial genesis of these end-points (Diamond et al., 2010). There is a doubt about 
the possibility, even in studies investigating anti-adhesive agents, of including sufficient 
numbers of patients in a short period of time and with long enough follow-up to show a 
significant effect on these clinical end-points. Taking into account the small contribution of 
some technical aspects  to  the total adhesion formation following intraperitoneal surgery, 
it is not expected that one element of surgery will influence the incidence of ASBO and 
pregnancy rates. One single adhesive band may still cause a bowel obstruction.
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There is some evidence from adhesion barrier studies, that reducing the incidence of 
adhesions results in a lower incidence of adhesion- related complications (Sawada et al., 
2000; Fazio et al., 2006). The outcome extent and severity of adhesions is more difficult 
to interpret because, unlike a reduction of incidence, reduction of extent and severity 
does not eliminate the risk of adhesion-related infertility or ASBO. However, patients 
undergoing repeated abdominal surgery might benefit from a reduction of extent and 
severity. High tenacity is traditionally recognized as a risk factor for organ damage during 
adhesiolysis (Zuhlke et al., 1990). In a recent prospective cohort of ventral hernia repairs, 
adhesiolysis time as an indicator of adhesion extent and tenacity was a strong predictor 
for the risk of enterotomy and complex adhesiolysis had a significant effect on morbidity 
and medication costs (ten Broek et al., 2011). Unpublished data from a large RCT revealed 
that every 30 min of adhesiolysis was correlated to an increase in hospital stay with 1 day 
(Fazio et al., 2006). Thus, al- though considered secondary end-points in this review, the 
reduction of extent and tenacity of adhesions can be of importance especially in repeated 
abdominal surgery.

A large number of studies had difficulty in achieving a complete follow-up. As many as nine 
studies were excluded from meta-analysis because of an inadequate follow-up. Especially, 
the repeat Caesarean section model seems prone to high numbers of patients lost to 
follow- up (Weerawetwat et al., 2004; Komoto et al., 2006; Zareian and Zareian, 2006; 
Nabhan, 2008; Kapustian et al., 2011). Further, the choice of a repeat Caesarean section 
as a second-look procedure to study peritoneal closure bears the risk of selection bias 
towards patients with fewer adhesions because they have a higher chance of becoming 
pregnant again. Such study design also leads to a large variation in the follow-up period, 
as the timing of the next pregnancy and the need for another Caesarean section are 
unpredictable.

Two trials reported inconsistent statistics. These were conducted many years ago and an 
attempt to obtain raw data by email and telephone contacts unfortunately failed (Tulandi 
and Guralnick, 1991; Taskin et al., 1999).

Comparison with previous research
The reduction in adhesion extent and severity by limited electrocoagulation, subserous 
suture fixation and non-closure of the peritoneum emphasizes the importance of 
limiting peritoneal ischaemia and foreign body material in surgery (Kadanali et al., 1996; 
Pellicano et al., 2003, 2008). These findings concord with histology results of peritoneal 
biopsies showing foreign body and ischaemia induce adhe- sion formation in animal 
and human studies (Luijendijk et al., 1996; Lim et al., 2009; Binnebosel et al., 2011). We 
recently demonstrated a larger peritoneal ischaemic response following electrocautery 
in comparison to ultrasonic dissection, illustrating the adhesiogenic potential of heat 
application (ten Broek et al., 2010). Taking down adhesions using electrocautery causes 
more bowel injury than with the harmonic scalpel in humans (Swank et al., 2003).
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Non-closure of the peritoneum reduced adhesion formation in this meta-analysis 
confirming consistent findings of animal experiments (Kapur et al., 1979; Kyzer et al., 1986; 
Parulkar et al., 1986). In the qualitative assessment of lower quality studies, adhesion 
reduction was not evident when the peritoneal layer was not sutured separately (Kyzer 
et al., 1986; Parulkar et al., 1986; Weerawetwat et al., 2004; Komoto et al., 2006; Zareian 
and Zareian, 2006; Kapustian et al., 2011). The substantial loss of follow-up, the significant 
heterogeneity and the predominance of repeat Caesarean sections in the low-quality 
studies, may have contributed to the discrepancies in study outcomes. Traditionally, 
closure of the peritoneum has been considered the technique of choice to reduce short-
term complications and to minimize adhesion formation (Duffy and diZerega, 1994). 
Contrastingly, current guidelines suggest that non-closure might be more favourable in 
terms of short-term complications, recovery and adhesion formation (Royal College of 
Obstetricians and Gynecologists, 2002; National Institute of Clinical Excellence, 2004). A 
Cochrane review studying short-term complications and recovery after Caesarean section 
found no difference between closure and non-closure of the peritoneum (Bamigboye and 
Hofmeyr, 2009). A recent large RCT of Caesarean sections also demonstrated no difference 
in short-term complications. Long-term follow-up results are still awaited (CAESAR study 
collaborative group,  2010).  Six RCTs addressing peritoneal closure in general surgery and 
following hysterectomy have demonstrated a similar incidence of incisional hernia after 
closure or non-closure of the peritoneum (Ellis and Heddle, 1977; McFadden and Peacock, 
1983; Gilbert et al., 1987; Hugh et al., 1990; Than et al., 1994; Lips- comb et al., 1996). 
Summarizing the results of suturing or not suturing the peritoneum in Caesarean section, 
both techniques seem accept-able considering short-term  complications  but  non-closure  
might decrease incidence of adhesions.

Laparoscopy was found to be favourable in randomized trials on the outcomes, incidence 
of adhesions and pregnancy rate. However, the studies in the qualitative assessment 
showed conflicting results (Lundorff et al., 1991, 1992; Takahashi et al., 2007). In a large 
pivotal demographic study, laparoscopy failed to demonstrate a beneficial effect on 
morbidity related to adhesions in gynaecological patients (Lower et al., 2004). Also no 
beneficial effect was found in a 3-year follow-up study in patients who were randomized to 
laparoscopic or open colorectal surgery (Taylor et al., 2010). In contrast, most animal data 
show a decrease in adhesion formation after laparoscopy compared with open surgery 
and observational human studies also demonstrate lower adhesiogenicity following 
laparoscopy (Marana et al., 1994; Levrant et al., 1997; Chen et al., 1998; Krahenbuhl et al., 
1998; Audebert and Gomel, 2000; Milingos et al., 2000; Polymeneas et al., 2001; Hiki et 
al., 2006). The question is why are adhesions not more effectively prevented despite the 
strong concept of minimal invasive surgery inducing less tissue damage and thus a lower 
risk of adhesion formation. A number of factors might explain the lack of dif- ference 
between laparoscopic and open surgery. First, an abdominal incision is often needed 
after a laparoscopic procedure to extract the specimen by an open approach. Secondly, 
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the extent of serosal wound surfaces is comparable between open and laparoscopic 
procedures. Thirdly, the CO2 pneumoperitoneum, the higher intra-abdominal pressure 
and the light of the laparoscope being associated with peritoneal ischaemia, decreased 
fibrinolysis and increased adhesion formation (Binda et al., 2003; Brokelman et al., 2006). 
Fourth, the pneumoperitoneum potentially injures the whole periton- eal surface inducing 
adhesion formation at remote areas. More meticulous dissection and haemostasis, no 
retraction of the abdominal wall and no use of gauzes in the peritoneal cavity in laparoscopic 
surgery counterbalance the drawbacks mentioned. The net effect on adhesion formation 
and related morbidity is unknown and may only become apparent from a well-designed 
prospective RCT with adhesion formation as a primary outcome.

Implications for future research
The poor quality of RCT’s and the limited number of eligible patients illustrate the main 
difficulty in clinical adhesion research, e.g. the execution of a planned second-look 
operation, which is the gold standard for assessment of the incidence and severity of 
adhesions. The number of planned second procedures has declined over recent years in 
both female patients who undergo planned second-look laparoscopy following fertility 
surgery and patients who are scheduled for a two-stage colorectal surgery with planned 
enterostomy take down. Second-look laparoscopy itself has no beneficial effect on 
fertility outcome, as confirmed in this meta-analysis, and in vitro fertilization is more 
widely available as an alternative treatment (Gurgan et al., 1992; Alborzi et al., 2003; 
Hammoud et al., 2009). Improved medical treatment for Crohns disease and ulcerative 
colitis has significantly reduced the number of surgeries and thereby the number of 
planned enterostomy take downs during which adhesions can be scored (Mowat et al., 
2011).

The declining number of planned second procedures is a challenge for future research 
in adhesion prevention. Visceral slide and cine-MRI are non-invasive adhesion detection 
techniques that have the potential to replace a second-look operation (Zinther et al., 
2010). Cine-MRI especially holds promise identifying both adhesions to the abdominal 
wall and between abdominal viscera (Lienemann et al., 2000; Kirchhoff et al., 2010).

Implications for clinical practice
None of the different techniques had a major impact on adhesion- related complications. 
This meta-analysis provides little evidence that less invasive techniques, less foreign body 
material and less ischae- mic injury reduce the extent and severity of adhesions in humans. 
The total prevention of adhesion formation is the only means to prevent an adhesion-related 
complication. It is not expected that optimal surgical technique alone will achieve this goal, 
based on the inevitable peritoneal injury inflicted by any type of surgery. As a consequence, 
there continues to be a need for anti-adhesion barriers and  agents  in open and laparoscopic 
surgery (Diamond, 1996; diZerega et  al., 2002; Fazio et al., 2006; Metwally et al., 2006).
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