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Abstract

Consequences and complications of postsurgical intra-

abdominal adhesion formation not including small bowel

obstruction and secondary infertility are substantial but

are under-exposed in the literature. Inadvertent enterot-

omy during reopening of the abdomen or subsequent

adhesion dissection is a feared complication of surgery

after previous laparotomy. The incidence can be as high

as 20% in open surgery and between 1% and 100% in

laparoscopy depending on the underlying disease. De-

layed postoperative detection of enterotomy is a partic-

ular feature of laparoscopy associated with significant

morbidity and mortality. Adhesions to the ventral

abdominal wall are responsible for the majority of trocar

injuries. Both trocar injuries and inadvertent enteroto-

mies result in conversion from laparoscopy to laparotomy

in almost 100% of cases. There is a paucity of data on

other organ injury, such as liver laceration or bladder

perforation. Dissecting adhesions before executing the

planned operation takes on average 20 min, being one-

fifth of the total operating time in patients having had

previous open colorectal surgery. There is some evidence

that postoperative morbidity and mortality of patients

who need adhesiolysis is higher than that of patients with

a virgin abdomen. The necessity to dissect adhesions is

associated with increased hospital stay. Postsurgical

adhesions are considered a main reason for conversion

from laparoscopy to laparotomy in many types of

procedures including laparoscopic colonic resection.

Adhesion formation is part of the innate peritoneal

defence mechanism in peritonitis. Abscess formation

and bleeding, organ injury and fistula formation at ‘on

demand’ relaparotomies are well-known complications

after surgery for intra-abdominal sepsis associated with

fibrinous adhesions. The clinical magnitude hereof is

poorly researched. Postsurgical adhesions may cause pain

as evidenced by pain mapping clinical experiments. Filmy

adhesions between movable organs and the peritoneum

appear to be worse in terms of generating pain. The high

caseload of gynaecological and some colorectal practices

suggest an enormous impact of adhesion-related chronic

abdominal and pelvic pain on patient’s wellbeing and

socio-economic costs. The significant risk of inadvertent

enterotomy, conversion to laparotomy and trocar injury,

and the associated postoperative morbidity and mortality

and increased length of hospital stay warrant routine

informed consent of adhesiolysis related complications in

patients scheduled for abdominal or pelvic reoperation.
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Introduction

Postsurgical intraperitoneal adhesions have great impact

on the quality of life of millions of people worldwide.

Small bowel obstruction, inadvertent enterotomy at

adhesiolysis, pelvic pain and secondary female infertility

are serious complications of adhesions causing not only

morbidity but also mortality [1]. Consequences and

complications of adhesions are not considered a ‘hot

issue’ by most surgeons despite the almost daily exposure

to adhesive morbidity [2]. For example, patients are

informed about adhesions and the necessity for adhesio-

lysis prior to surgery in only 25% of the procedures. In

only 10% adhesions are mentioned as part of informed

consent [3].

Apart from small bowel obstruction and secondary

female infertility little consistent research has been

performed on the consequences and complications of

intraperitoneal adhesions. This paper gives an overview of

intra-abdominal adhesion morbidity relevant to colorec-

tal surgeons other than adhesive small bowel obstruction

and secondary female infertility. Whenever applicable

recent evidence is reviewed and less common features

of adhesions including adhesion-related conversion in
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laparoscopy and drawbacks of adhesions in peritonitis are

addressed.

Reoperative surgery

Almost all patients develop adhesions after transperito-

neal surgery. Adhesions can form between every intra-

peritoneal organ and damaged serosal layer but adhesions

between omentum and the wound are most common

[4,5]. Adhesions to the anterior abdominal wall are of

particular importance when reopening the abdomen

either by laparotomy or laparoscopy. Adhesions between

viscera and ⁄ or intra-abdominal ⁄ pelvic organs affect sur-

gical exposure to the pathology requiring resection. The

risk and extent of adhesions seem to depend on several

factors including type of incision, number of previous

laparotomies, damaged visceral or parietal peritoneum,

intra-operative complications at initial laparotomy, indi-

cation for surgery and laparoscopy or laparotomy [5–12].

Most data hereof are of gynaecological origin and are

derived from series with the objective to study safe entry

of the first trocar for laparoscopy after previous laparot-

omy or laparoscopy. Other sources are experimental

animal studies comparing laparoscopy and laparotomy

[10,13]. Adhesions are less after transverse or Pfannenst-

iel incision in comparison to midline incisions and after

surgery for obstetric compared with gynaecological

indications [7]. The risk of anterior abdominal wall

adhesions increases with the number of previous laparo-

tomies although this relationship is not as evident as the

relationship between previous laparotomies and adhesio-

lysis-induced enterotomy [6,9]. Adhesion formation after

injury of the visceral peritoneum was greater than after

injury of the parietal peritoneum in experimental animals

[14]. Bleeding and intra-abdominal infection increase

adhesion formation and laparoscopy seems to have an

advantage above laparotomy in terms of adhesion forma-

tiontotheabdominalwall andtotheoperative site[15–17].

An interesting experimental finding is the reduction of

both number and type of adhesions after postoperative

stimulation of gastrointestinal motility by a prokinetic

agent [18]. These agents are frequently used in the

immediate postoperative period to prevent ileus and are

part of some fast track surgery protocols [19].

The risk of needing a reoperation is relatively high and

is expected to increase in the western world with the

increase of life expectancy and developments in surgical

technology. Ellis et al. calculated a readmission rate of

2.1 times for a disorder related to adhesions or repeat

abdominal or pelvic surgery potentially complicated by

adhesions over a period of 10 years after open adult

abdominal and pelvic surgery [20]. Because of their age,

children have a longer time to experience symptoms and

complications resulting from adhesions with cumulative

admission rates during a 4-year follow-up directly and

possibly related to adhesions varying from 0.3 to 9.3 and

6.3 to 32.1, respectively, depending on type of and age at

initial surgery [21].

Reoperation through a previous wound can be time

consuming, difficult and potentially dangerous as a result

of adhesion formation. Various adhesion-related aspects

of reoperation have been studied in the past decade:

1 Adhesiolysis time to re-enter the abdominal cavity and

to reach the site of pathology.

2 Intra-operative complications of adhesion dissection.

3 Postoperative morbidity and mortality and length of

hospital stay of reoperated patients.

4 Safe trocar placement at laparoscopy.

5 Conversion rates from laparoscopy to laparotomy due

to adhesions.

Adhesiolysis time
There are at least seven clinical studies addressing time

needed to dissect adhesions in open surgery and one in

laparoscopic surgery. Two studies compared patients with

and without previous laparotomies, five compared

patients treated with or without anti-adhesive bioresorb-

able membrane, four of which were stomal closure studies

(Table 1) [22–29].

Two studies, one from the UK and one from the USA,

provided evidence that previous surgery with adhesion

formation extended operating time both to re-enter the

abdomen and to dissect free the site of pathology

[22,23]. The time necessary to explore an abdomen with

adhesions ranged from 15 min to 4 h.

In a prospective study of 1791 patients undergoing

benign colorectal surgery (n = 1701) or surgery for small

bowel obstruction (n = 90) with 68% having prior

abdominopelvic surgery and 89% having baseline adhe-

sions, the mean time to lyse adhesions was 34 min

ranging from 1 to 240 min [23]. Mean time required for

lysis of adhesions was about one-fifth of total mean

operative time. Notably, 22% of patients had non-surgical

adhesions resulting from intra-abdominal inflammatory

and infectious processes associated with benign colorectal

diseases including diverticulitis, Crohn’s disease and

ulcerative colitis. Tang et al. did not find a difference in

time taken to close an ileostomy between patients treated

with an anti-adhesive barrier during the initial operation

and those without a barrier despite the lower adhesion

score [24]. A tendency to easier closure, as evidenced by a

lower incidence of perioperative complications, was noted

in the adhesion barrier group. Salum et al. obtained

similar results in a multicentre trial of loop ileostomy

closure but noted a wide range in operative times due to

the large numbers of surgeons using a large variety of
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surgical techniques [25]. In paediatric patients undergo-

ing stomal closure, a 100% increase in operating time was

observed dissecting adhesions in patients who had not

received anti-adhesive treatment compared with those

having received anti-adhesives [26].

Intra-operative complications
Bleeding, inadvertent enterotomy and enterectomy and

damage to peritoneal organs, such as liver, spleen,

bladder or ureter, are well-known intra-operative com-

plications of adhesiolysis. Epidemiological data, however,

are scarce and predominantly retrospective [9,24]. Of

increasing interest is the high number of undetected

bowel lesions at laparoscopic adhesiolysis [29–32].

Our group was one of the first to study the incidence

of inadvertent enterotomy directly related to adhesion

dissection at laparotomy [9]. It appeared that one in five

patients undergoing reoperation through a laparotomy

scar suffered from an inadvertent enterotomy following

adhesiolysis. When small bowel obstruction was the

indication for reoperation, one in three patients sustained

a bowel injury. Over 50% of enterotomies occurred when

adhesions in the lower abdomen and pelvis were divided

and 30% when adhesions were divided to enter the

abdomen.

An accidental enterotomy, requiring repair occurred

in only 6% of patients operated for adhesive small bowel

obstruction in a study by Fevang et al. [33]. About one-

third of these patients had ‘matted’ adhesions as the cause

of the obstruction and two-thirds had a band, which

explains the relatively low rate of inadvertent enteroto-

mies. The rate of inadvertent enterotomy was 4.7 in 1701

patients undergoing benign colorectal surgery by lapar-

otomy in a prospective multicentre study on prevention

of small bowel obstruction [34]. The very low rate is

surprising regarding the intra-abdominal complexity of

many patients in this study. Most likely, the selection of

specialized contributing colorectal centres with experi-

enced surgeons being trained to do careful adhesiolysis

and to avoid bowel damage has played a role.

Higher age and higher number of previous laparoto-

mies appeared to be predictors of the occurrence of

inadvertent enterotomy [9]. Patients with three or more

previous laparotomies had a 10-fold increase in enterot-

omy compared with patients with one or two previous

laparotomies strongly suggesting more dense adhesion

reformation after each reoperation. In the Dutch series,

no information was obtained of other injury but the

relatively high number of emergency relaparotomies

(45 ⁄ 270; 17%) suggests that postoperative bleeding

may be significant [9]. Adhesiolysis was associated with

increased blood loss – on average 900 ml following

extended adhesiolysis – in the group of ‘pouch patients’

having taken part in the Seprafilm Outcome Study

(personal communication). A trend towards more blood

loss attributed to adhesiolysis was found in a paediatric

patient group undergoing subsequent surgery [26].

There is a paucity of data on the incidence of organ

damage other than bowel perforation during adhesiolysis.

If available, these originate from laparoscopic studies

[35]. Under reporting undoubtedly occurs. One might

speculate that surgeons consider a liver laceration, splenic

bleeding or bladder injury caused by adhesiolysis, which

are repaired intra-operatively, as an unpleasant but

normal part of a reoperation not worthwhile reporting

or even not worth informing the patient.

Inadvertent enterotomy at laparoscopic adhesiolysis

deserves a special comment for three reasons. First, this

Table 1 Publications on Adhesiolysis Times.

First author

Year of

publication Type of surgery

Median (range) entry time

(min)

Median (range) other

adhesiolysis time (min)

Median entry and adhesiolysis

time

(min)

Virgin or

adhesion

prevention

Reoperation or

no adhesion

prevention

Virgin or

adhesion

prevention

Reoperation or

no adhesion

prevention

Virgin or

adhesion

prevention

Reoperation or

no adhesion

prevention

Coleman [22] 2000 Colorectal 5 (3–10) 8 (4–39)* 0 (0–30)* 15 (0–240) 5* 23

Beck [23] 2000 Colorectal 6 (2–34) 21 (8–45)* – – – –

Beck [27] 2003 Benign colorectal Unknown Unknown 34 (1–240)

Tang [24] 2003 (phase 1) Loop ileostomy closure Not applicable Not applicable 32.5 (10–80) 30 (10–125)

Tang [24] 2003 (phase 2) Loop ileostomy closure Not applicable Not applicable 20 (10–40) 20 (10–65)

Salum [25] 2006 Loop ileostomy closure Not applicable Not applicable 28, no ranges given

Kusunoki [28] 2005 Ileostomy closure Not applicable Not applicable 95 (65–140)* 105 (65–175)

Inoue [26] 2005 Stomal closure paediatric Unknown Unknown 41 (20–73)* 82.4 (31–185)

Perrone [29] 2005 Lap ventral hernia repair Not applicable Not applicable > 45 min adhesiolysis in 27% of

patients

*Significant.
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complication seems more frequently undetected during

laparoscopy than during laparotomy. Secondly, intra-

operative detection of bowel injury usually results in

conversion from laparoscopy to laparotomy and open

repair. Thirdly, signs and symptoms of bowel perforation

seem absent resulting in delayed diagnosis and treatment

[36].

Inadvertent enterotomy in laparoscopic abdominal

surgery seems under reported [37]. Binenbaum and

Goldfarb recently reported the incidence of inadvertent

enterotomy in a variety of laparoscopic abdominal pro-

cedures at their institution and discussed ways to

minimize the risk of this complication [30]. The inci-

dence of inadvertent enterotomy was 0.39% (8 ⁄ 2016) at

cholecystectomy, 0.8% (3 ⁄ 375) in all types of intestinal

resection, 1.9% (6 ⁄ 312) during hernia repair and 100%

(4 ⁄ 4) in patients having adhesiolysis as primary indication

for the operation. Four patients (4 ⁄ 21, 19%) were

diagnosed postoperatively with enterotomy. Careful

individualized risk assessment, trained surgeons in

advanced laparoscopy doing the complicated operations

and a department culture of intra-operative cooperation

helped improve outcomes. Systematic review revealed

that in about 66.8% of bowel injuries the diagnosis was

made during the laparoscopy or within 24 h thereafter

[38]. In contrast, Bishoff reported 70% undiscovered

bowel injuries in a series of urological laparoscopic

procedures [32]. Perrone et al. reported nine cases

(7.4%) of 121 laparoscopic ventral hernia repairs with

major complications of which four (44%) were enteroto-

mies (incidence whole group; 3.3%) [29]. Three entero-

tomies occurred as a result of adhesiolysis and one from a

trocar injury. Two perforations were detected intra-

operatively and converted to open repair; two (50%)

presented postoperatively. One of these patients devel-

oped sepsis and died. Bowel injury at laparoscopic hernia

repair is even more dramatic because the risk of infection

might prohibit a repair with prosthetic mesh and might

result in aborting the operation [39]. In a review of

laparoscopic adhesiolysis for small bowel obstruction the

incidence of intra-operative enterotomy ranged from 3%

to 17% [40]. Conversion rates in these series varied

between 6.7% and 43%.

The percentage of intra-operatively undetected adhe-

sion-related enterotomies is underestimated as trocar

injuries are unjustifiably mentioned as a non-adhesive

cause whereas often the trocar or Veress needle perforates

bowel adherent to the anterior abdominal wall. The

limited field of vision is held responsible for the higher

percentage of undetected enterotomy during laparoscopy

in comparison to laparotomy. Other explanations are

electrocautery damage by conducting heat to adjacent

bowel, bleeding from dissected adhesions masking dis-

colouration by bowel content and the higher intraperito-

neal pressure than the intraluminal bowel pressure

‘closing’ the gap in the bowel. An interesting experimental

finding is the blunted peritoneal immune response after

laparoscopic bowel injury reflected by low peritoneal

influx of lymphocytes and monocytes and high IL-8

concentrations at 3 days after laparoscopy providing an

explanation for the subtle and delayed clinical presentation

of unrecognized bowel injury following laparoscopy [36].

The mortality rate of patients with undetected bowel

injuries is about 20–50% and substantially higher than

that of patients with immediately recognized perforations

[29,41]. Preventing adhesiolysis-associated enterotomies

is probably the most powerful measure to reduce mor-

bidity and mortality of reoperation. Early decision to

convert from laparoscopy to laparotomy approaching the

adhesion-encased abdomen is strongly advised because

dense adhesions obscure the bowel just behind this area.

Swank et al. demonstrated fewer bowel injuries using

harmonic scalpel dissecting adhesions than electrocautery

[42]. Use of scissors and knife only has contributed to a

decrease in inadvertent enterotomies in open surgery over

the past years in our department (data not published).

Preoperative localization of adhesions with ultrasound

(visceral slide) may avoid visceral damage for example by

trocar introduction [43]. Drawback of this technique is

the inability to accurately assess other adhesions than

those to the ventral abdominal wall, such as bowel to

bowel and omentum to bowel adhesions. The use of cine-

MRI to detect less superficial adhesions is most promising

because this technique is less operator-dependent and

identifies both superficial and deep adhesions [44].

Postoperative morbidity and mortality and length of
hospital stay of reoperated patients
Morbidity and mortality data specifically related to

adhesiolysis at reoperation are scarce in contrast to

adhesive small bowel obstruction, whereas the magnitude

in terms of absolute and relative numbers might well be

substantially greater [45]. Postoperative intra-abdominal

haematoma, intra-abdominal abscess, fistula formation

and wound infection are the complications to be expec-

ted. In open abdominal surgery, we found 39% major

complications and 8% mortality in a mixed group of 270

patients who underwent abdominal re-operation through

a pre-existent scar [9]. This study did not allow for

analysis of the impact of adhesiolysis as such because

comparison with patients undergoing similar procedures

without adhesiolysis was not done. Nevertheless, mor-

bidity and mortality of reoperations seemed higher than

in historical control groups. It was evidently demonstra-

ted that inadvertent enterotomy during adhesiolysis

significantly increased morbidity taking into account the
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high ICU admission rate, the necessity for total paren-

teral nutrition and longer stay in hospital [9]. Indirect

data on the morbidity and mortality of adhesions during

reoperation are available from a few prospective con-

trolled trials using sodium hyaluronate- and carboxy-

methylcellulose based bioresorbable membrane to

prevent adhesion formation [4,23–25,46]. Although

adhesion reduction at second laparotomy was significant,

most studies did not show any beneficial effect on

morbidity and mortality. No study in laparoscopic

surgery has specifically addressed postoperative morbidity

and mortality associated with adhesiolysis except the

worse outcome of undetected laparoscopic bowel injury

[29,32,41]. Adhesions, however, are a known cause of

conversion to laparotomy and patients having conversion

often do less well after surgery than patients with

completed laparoscopic procedures and they stay longer

in hospital [47,48].

A direct relationship between adhesiolysis and the

number of postoperative days in hospital is difficult to

assess because duration of hospital stay is influenced by

numerous patient, disease and treatment-related factors.

Recently, however, such a relationship was demonstrated

in the group of 1701 patients enrolled in the Seprafilm

Outcome Study; every 30 min of additional adhesiolysis

during benign colorectal surgery increased hospital stay

by a full day (personal communication). In case of

enterotomy hospital stay was a median of 3 days longer

(13 days vs 10 days) in patients undergoing adhesiolysis

during open abdominal surgery [9].

Safe trocar placement at laparoscopy
In clinical and autopsy studies of patients who had prior

laparotomies, the incidence of intra-abdominal adhesions

is 70–90% [49]. A midline vertical laparotomy induces

adhesions to the anterior abdominal wall in about 70% of

patients whereas adhesions are present in about 25% after

(suprapubic) transverse incision [5,6]. One-third of the

adhesions involve bowel and two-thirds omentum with

an increase of this ratio at midline incisions above the

umbilicus [4,7]. Becker found omental, small bowel,

abdominal side-wall and bladder adhesions in 79%, 63%,

30% and 12%, respectively, after colectomy and ileal

pouch-anal anastomosis with diverting-loop ileostomy.

Trocar or Veress needle was the most common cause

(42%) of bowel injury (0.22%; 66 of 29 532) in a

collective review of a laparoscopy-induced bowel injury

and in 69% of instances adhesions or a previous laparot-

omy were noted [38]. The mortality rate associated with

bowel injury was 3.6%. As aforementioned, laparotomy

had to be performed to manage inadvertent bowel

injuries in three-quarters of cases, again underlining that

adhesion-related complications encountered in laparos-

copy have serious consequences for the patient. Experts

in laparoscopic surgery advocate avoidance of Veress

needle use and first trocar placement in the left upper

quadrant in patients with previous midline and suprapu-

bic transverse (Pfannenstiel) incision to avoid gastro-

intestinal injury. This does not necessarily mean, how-

ever, that open introduction of the first trocar in the

proximity of scar tissue is completely safe regarding bowel

injury.

Conversion from laparoscopy to laparotomy
due to adhesions
Postoperative adhesions, inflammatory processes, tumour

invasion, intra-operative complications, high body mass

index, surgeon inexperience and technical difficulty are

most common causes of conversion from laparoscopy to

laparotomy [50–52]. The relative contribution of adhe-

sions to the number of conversions varies with the type of

laparoscopic procedure but exceeds 20% in the majority

of reports. Even in bariatric surgery where several other

factors, such as BMI, waist size and hepatomegaly,

seemed more important predictors, adhesions were

responsible for 22% of all conversions [51]. Expectedly,

in more than half of the patients adhesions were the main

cause of conversion in laparoscopic ventral hernia repair

and laparoscopic adhesiolysis, two operations in which

adhesion dissection is an essential part or even the aim of

the surgical procedure [29,40,53]. Laparoscopic colec-

tomy for colorectal cancer is converted to open surgery in

on average 14% (range, 0–42%) of cases [54]. The most

common cause of conversion is tumour invasion of

adjacent structures or bulky tumour, adhesions and

technical failure [50]. In this consensus review article,

comprising 2812 patients in 26 studies, surgeons decided

to convert to laparotomy because of adhesions in 0–33%.

It might be expected that in series of laparoscopic

colorectal surgery for benign diseases adhesions contrib-

ute even more to the conversion rate. It should be kept in

mind that these adhesions are not necessarily postoper-

ative adhesions but may originate from the inflammatory

bowel disease process [55]. The presence of adhesions

and history of laparotomy were significant risk factors for

conversion [Odds ratios (95% confidence intervals) 2.30

(1.37, 3.76) and 1.34 (1.02, 1.78) respectively] in a case

control study comparing converted vs non-converted

cases of laparoscopic gynaecology [56].

Indirect evidence for postoperative adhesions to affect

conversion is the positive relationship between previous

laparotomy and the number of conversions. In a review

by Tang and Cushieri on risk factors for conversion of

laparoscopic cholecystectomy previous upper abdominal

procedure significantly increased the risk [57]. Kara-

yiannakis et al. studied the effect of upper vs lower and no
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previous abdominal operations on the rate of conversion,

operating time, postoperative complications and hospital

stay in 1638 patients undergoing laparoscopic cholecys-

tectomy [48]. In all, 473 (28.9%) had undergone

previous abdominal surgery: 58 upper and 415 lower

abdominal operations. Unfortunately, they excluded 262

patients who had undergone previous appendectomy.

Patients with previous upper abdominal surgery had a

higher conversion rate (19%), a longer operating time

(66.4 ± 34.2 min), a higher incidence of postoperative

wound infection (5.2%), and a longer postoperative stay

(3.4 ± 2.1 days) than those who had undergone previous

lower abdominal surgery (3.3%, 50.8 ± 24 min and 0.7%,

2.6 ± 1.4 days respectively) and those without prior

abdominal surgery (5.4%, 47.4 ± 25.6 min and 1.2%,

2.8 ± 1.9 days respectively). A longer operating time

associated with upper abdominal surgery (median

57 min) but not an increase in conversion rate was

reported from a series of 600 patients undergoing

laparoscopic cholecystectomy of whom 192 has previous

operations (92 upper and 100 lower abdominal surgery)

[58]. Conversion was required for 17.8% of the patients

with and 11.4% of the patients without previous surgery

(P = 0.181) in a series of 295 patients (84, previous

laparotomy; 211, no laparotomy) undergoing laparo-

scopic colorectal surgery [55]. There were no differences

in the operating time or blood loss between the two

groups. The time to bowel movement and resumption of

diet were similar in the two groups. The median hospital

stay was 7 days for both groups. Of the 39 conversions,

28.2% were necessary mainly because of adhesions. In the

11 patients who underwent conversion because of

adhesions, nine had prior surgery and two did not

(P = 0.001).

Gonzalez et al. recently reviewed 498 consecutive

open, laparoscopic and converted colorectal resections to

assess the clinical impact of conversion from laparoscopy

to laparotomy [47]. Of the 238 laparoscopic procedures

performed, 182 were completed laparoscopically and 56

(23%) required conversion. Conversions were associated

with greater blood loss [200 (range, 50–750) ml vs 100

(range, 30–900) ml], longer time to first bowel move-

ment [82 (range, 40–504) h vs 72 (range, 12–420) h],

and longer length of stay [6 (range, 2–67) days vs 5

(range, 2–62) days] than the laparoscopic colorectal

resections group. There was no difference in operative

time, transfusion requirements, intra-operative and post-

operative complications or mortality between conversions

and laparoscopic colorectal resections. The converted

cases had outcomes similar to open colorectal resections.

Conversion in gynaecological laparoscopy also resulted in

significantly greater blood loss, longer operating time and

longer hospital stay [56].

It may be concluded that postoperative adhesion

formation is a main cause of conversion to laparotomy,

which in turn is associated with increased perioperative

complications and a longer hospital stay. It is to be

expected that the relative contribution of adhesions to

the percentage of conversions will increase because other

factors including surgical inexperience in laparoscopy and

technical problems will drop in frequency as a cause. Due

to lack of evidence it is not possible to precisely assess the

clinical and socio-psychological burden of adhesion-

related conversion from laparoscopy to laparotomy but

it seems advisable to counsel patients with previous

laparotomy undergoing laparoscopy that unintended

laparotomy due to adhesions is a known and relatively

frequent risk and will add significant morbidity over a

completed laparoscopic procedure.

Adhesions and peritonitis
A neglected area regarding consequences and complica-

tions of adhesion formation is the treatment of peritonitis.

Intra-abdominal fibrin, the precursor of an adhesive

network and abscess formation, is part of the host-defense

mechanism to eliminate bacteria and particles from the

peritoneal cavity. This, however, is a dualistic action

because bacteria may be protected by fibrin against

inflammatory cells and antibiotics and maintain infection.

Indeed, the rate of residual infection after peritonitis can

be as high as 50% necessitating abdominal re-explorations

or percutaneous abscess drainage [59–61]. The relapar-

otomies ‘on demand’ are troublesome procedures because

of dense-vascularized adhesions in the whole abdominal

cavity hampering abdominal re-entry and access to the

infectious area, and causing bleeding, inadvertent enter-

otomy and fistula formation at dissection. The fibrin

peeling method, popularized in the 1980s and the

concept of planned relaparotomies (Etappenlavage), until

recently the method of choice for the treatment of severe

peritonitis in many institutions, demonstrate the aware-

ness of surgeons that adhesion formation in peritonitis

causes morbidity. A recent prospective multicentre study

comparing relaparotomy ‘on demand’ with planned

relaparotomy showed that abscess rate was higher in the

‘on demand’ group (MA Boermeester, personal commu-

nication). Experimental data show that the use of anti-

adhesive agents in peritonitis reduces adhesions and

abscesses and related mortality [62–64]. Clinical data on

the beneficial effect of adhesion reduction in an infectious

environment are lacking largely because of fear of side

effects of anti-adhesive agents, such as bleeding and

anastomotic leakage. Adhesion formation around drains is

the most important explanation that why drains placed in

the peritoneal cavity during laparotomy for peritonitis

stop functioning within 24–48 h.
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Chronic pain
A causative association between peritoneal adhesions

and chronic abdominal or pelvic pain is still widely

debated. Arguments against this relationship comprise a

small proportion of patients with adhesions suffering

from pain, the differences between pain localization by

the patient and the sites of adhesions found at laparot-

omy or laparoscopy and the disappointing results of

adhesiolysis relieving pain. Arguments in favour are the

finding of nerve fibres and expressed sensory neuronal

markers in adhesions, the results of pain mapping

experiments in patients kept awake during laparoscopy

and the decrease in pain cutting adhesions that connect

mobile organs and the pain-sensitive peritoneum. The

ongoing search for evidence is understandable because

at least one-quarter of chronic pelvic pain is attributed

to adhesions. Chronic pelvic pain affects more than

9 million women in the USA. It is one of the two main

reasons for seeking gynaecologic medical attention and

chronic pelvic pain results in a considerable medical,

social and economic burden for affected women and

their families [65]. The clinical burden of adhesion-

related chronic abdominal pain is less well defined

mainly because many different underlying disorders

other than adhesions may cause the abdominal pain.

The debate can be summarized by two questions: Can

adhesions cause pain and does adhesiolysis reduces pain?

Demco et al. addressed the first question in a series of

pain mapping experiments and made the following

conclusions [66,67].

1 Touching and moving adhesions with a stereotactic

probe can elicit a pain sensation.

2 The pain associated with the adhesion may manifest

itself in another location in 35% of the time and the

opposite side of the abdomen in 15% of patients.

3 Movable filmy adhesions are associated with the most

intense pain and dense-fixed adhesions with the least

intense pain.

4 Pain scores were lowest when the adhesions were

between two separate portions of the bowel, pain

scores increased when the adhesion was between a

segment of bowel and a mobile ovary and scores were

highest when an adhesion was between a mobile organ

(ovary, bladder, small bowel) and the parietal perito-

neum.

The observation by Khaitan et al. that the pain

associated with peritoneal adhesions is localized, increases

with physical activity and is not affected by eating and

large bowel movement coincides with the results of the

pain mapping experiments [68]. The relationship be-

tween mobility of organs attached to the peritoneum by

adhesive bands and pain sheds light on the role of

adhesions in bladder complaints, vulvodynia and dyspa-

reunia after colorectal surgery [66,69]. The finding of

little pain when dense fixed adhesions are present implies

that adhesiolysis for chronic pain in patients with docu-

mented ‘abdominal cocoon’ will not be successful. From

pain mapping studies and those demonstrating nerve

fibres and ‘pain hormones’ it is concluded that the

assumption that adhesions do not cause pain must be

revisited.

The second question is a more difficult one because

well-designed randomized and blinded trials are scarce. A

Cochrane analysis of chronic pelvic pain in 2000 did not

show a beneficial effect of adhesiolysis on pelvic pain

[70]. Recently, significant pain reduction was found for

12 months after both laparoscopic adhesiolysis and

laparoscopy alone in patients with chronic abdominal

pain in whom no other cause of pain was demonstrable

[71]. Why laparoscopy alone reduced the pain for more

than 12 months remains unexplained but it may be

speculated that the pneumoperitoneum and the increased

intra-abdominal pressure distracted filmy adhesions in

particular thereby disconnecting mobile organs from the

peritoneum.

An important reason for surgeons not to perform

adhesiolysis for pain is the immediate reformation of

adhesions at injured sites. Intra-operative use of prevent-

ive measures and agents is a logical next step when the

decision is made to perform adhesiolysis for chronic pain.

Laparoscopic adhesiolysis and placement of a sodium

hyaluronate and carboxymethylcellulose bioresorbable

membrane reduced pain in five of seven patients with

intractable abdominal pain after several previous abdom-

inal procedures [68].

A good explanation for the disappointing results of

adhesiolysis in patients with longstanding chronic

abdominal and pelvic pain is the altered spinal cord and

central nervous system processing of pain stimuli.

Increased sensitivity for pain and allodynia was reported

in various abdominal disorders associated with chronic

pain including irritable bowel syndrome, endometriosis

and chronic pancreatitis. Our group recently demonstra-

ted a significant sex and opioid use dependent central

sensitization in patients with chronic pancreatitis pain

[72]. The sex difference was also apparent in the response

to bilateral thoracoscopic nerve ablation aiming to relieve

pain in these patients and the pain response when a

previous abdominal procedure was carried out [73].

Female patients with chronic pain and previous abdom-

inal surgery had lower thresholds for pain than male

patients. This observation may in part explain the over-

representation of females in the whole group of patients

with chronic abdominal pain.
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Conclusion

Consequences and complications of postoperative adhe-

sions other than small bowel obstruction seem to be

diverse and many. Adhesion-related increased operating

time, inadvertent enterotomy, intra-operative bleeding,

trocar injury, conversion from laparoscopy to laparotomy,

surgical site infection, prolonged length of hospital stay

and chronic abdominal and pelvic pain have major clinical

and socioeconomic impact. Based on prevalences and

physical and emotional consequences the majority of

these complications warrant proper patient counselling

and informed consent. Awareness of adhesion-related

consequences and complications other than small bowel

obstruction by physicians and patients should be stimu-

lated to reduce the morbidity and mortality of postsur-

gical peritoneal adhesions.
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