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Abstract
The development of postoperative adhesions remains an almost inevitable
consequence of visceral and gynecological surgery, appearing in 50–95% of all
patients. The pathogenetical sequence from peritoneal injury, with locally
released cytokines and inflammatory reaction, to permanent fibrous adhe-
sions has been elucidated in recent years. Early and late bowel obstruction,
chronic abdominal pain, and infertility are the main clinical complications,
and they also increase the socio-economic costs. Laparoscopic surgical proce-
dures with their minimal access to the abdominal cavity are associated with
fewer postoperative adhesions compared to open surgery, although adhesion
formations cannot be entirely prevented.
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Introduction

Adhesion formation is an almost unavoidable conse-
quence of abdominal surgery. Although not all patients
with intra-abdominal adhesions develop symptoms, the
clinical implications, such as early and late bowel obstruc-
tion, infertility, and chronic abdominal pain, remain a
common problem in general surgical and gynecological
practice [1]. In addition, adhesion formation is associated
with increased socio-economic costs.

The pathogenetical mechanisms of adhesion forma-
tion are now at least partly understood. Multiple factors
are responsible for inducing and causing the development
of adhesions, e.g. extent of the surgical trauma, local
inflammatory reaction with cytokine release, and fibrino-
lytic activity of the peritoneum. Since its introduction,
laparoscopic surgery with its minimal access to the ab-
dominal cavity is thought to have reduced adhesion for-
mation and its related complications.

Incidence, Clinical Symptoms and Diagnosis

The development of intra-abdominal adhesions is the
consequence of visceral or gynecological surgery, pelvic
inflammatory disease, appendicitis, and endometriosis.
After conventional abdominal surgery, adhesion forma-
tion is very common, and appearing in 50–95% of all
patients [2–4]. In a prospective trial performed by Men-
zies and Ellis [2], the reported rate of adhesions was 93%
in 210 patients who had undergone at least one previous
laparotomy. In contrast to this high rate of postoperative
adhesions, only 10.4% of 115 patients without previous
abdominal surgery were found to have intra-abdominal
adhesions. Weibel and Maijno [3] performed a study on
752 cadavers in 1973 and found an adhesion rate of 67%
in patients with previous abdominal surgery and 28% in
patients without. Acute appendicitis remains the major
single cause of postoperative adhesion formation and
bowel obstruction since Thompson [5] reported that more
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than a third of all patients with bowel obstruction had pre-
viously undergone appendectomy [6]. However, Semm
[7] clearly demonstrated that 84% of women who had
undergone diagnostic laparoscopy after previous open
abdominal surgery had adhesion formation, whereas only
40% had after previous laparoscopy. Although abdominal
surgery is strongly associated with adhesion formation,
only a few patients will suffer from adhesion-related clini-
cal symptoms [8, 9]. Thus, the vast majority of patients
with adhesions remain asymptomatic, which makes their
clinical and epidemiological assessment difficult. Differ-
ent radiological examinations, e.g. CT scan, ultrasonogra-
phy and barium swallow, have been proposed to preoper-
atively assess the diagnosis and localization of adhesions.
However, all of them, especially transabdominal ultrason-
ography, have a poor overall sensitivity (50–60%) and the
number of false-positive and false-negative predictions
make it unreliable for routine use [10]. The patient’s com-
plaint of recurrent abdominal pain with a localized and
reproducible punctum maximum is still the most valuable
clinical hint of symptomatic adhesions [11]. Chronic or
recurrent abdominal pain with irregular bowel motions,
and a history of previous abdominal surgery may be suspi-
cious of symptomatic adhesions, causing entrapment and
tension in the peritoneum. However, the exact relation
of adhesions to abdominal pain is still controversial. Par-
tial or complete mechanical bowel obstruction, if it occurs
as an early or late complication of abdominal surgery is
highly suspicious of intra-abdominal adhesions [12, 13].
Postoperative adhesions and fibrous scars due to endome-
triosis and acute appendicitis are common causes of sec-
ondary infertility in young females of child-bearing age
[14]. However, the clinical relevance of these adhesions
may often only be assessed by a diagnostic laparoscopy
[7].

Socio-Economic Factors

Rapidly increasing costs of the national health care sys-
tems in Western countries have led to studies evaluating
the costs of various common diseases and clinical prob-
lems. A recently published study from Sweden revealed
direct costs of USD 5,695/patient for the nonoperative
and operative treatment of adhesion-related bowel ob-
struction [15]. Moreover, it was estimated that obstruc-
tive bowel disease may cause 2,330 hospital admissions
annually, which is associated with direct costs of about
USD 13 million. In the United States there were 54,100
hospital admissions in 1988 due to adhesion-related dis-

eases, the costs were estimated about USD 1,179 million
[16]. The extent of indirect costs, e.g. outpatient medical
treatment, expenditure for infertility treatment and ab-
sence from work, is likely to be much higher, but cannot
often be evaluated due to the limited registration in the
different national health care systems. Therefore, not only
exact knowledge of the pathogenesis and prevention, but
also reliable diagnostic tools and therapeutic strategies are
essential in order to reduce costs.

Pathogenesis of Adhesion Formation

Adhesion formation is a well-defined pathophysiologi-
cal sequence of events, which has been demonstrated in
many experimental series [17–20]. Initially, there is al-
ways a localized peritoneal injury, caused by different
stimuli, e.g. surgical operation, bacterial infection, isch-
emia, irradiation or allergic tissue reaction against in-
serted foreign bodies. As a humoral answer for the injured
tissue, various locally produced cytokines, acting individ-
ually and synergistically, are released, and thus starting,
an inflammatory tissue reaction [21]. Inflammatory cyto-
kines, predominantly interleukin-1 (IL-1), interleukin-6
(IL-6) and tumor necrosis factor-· (TNF-·), attract and
activate macrophages to synthesize vascular permeability
factor [21, 22]. Supported by simultaneously released kin-
ins and histamine, vascular permeability factor increases
the vascular permeability, leading to inflammatory exu-
dation with fibrin deposition on the peritoneal surface.
Additionally, IL-1 and IL-6 stimulate mesothelial and
inflammatory cells to produce and release plasminogen
activator inhibitor-1 and 2 in order to suppress plasmino-
gen activation [23]. The mesothelial cells of different var-
ious body surfaces normally possess a potent fibrinolytic
activity to prevent fibrous adhesion formation between
tissue surfaces [24, 25]. The main fibrinolytic system is
represented by the plasminogen-activating cascade [23].
Therefore, rapidly increased concentrations of plasmino-
gen activator inhibitor-1 and 2 temporary decrease the
fibrinolytic activity of the injured peritoneum allowing
fibrinous depositions to transform into fibrin matrix.
These organized fibrinous junctions already represent ad-
hesions, although they are mostly absorbed within a few
days of surgery. The next step in permanent adhesion for-
mation is made by invading fibroblasts and endothelial
cells forming capillaries, thus, finally replacing the fibri-
nous strands with collageneous tissue [20, 26]. The dura-
tion of the suppression of peritoneal fibrinolytic activity
crucially determines the further course and extent of per-
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Table 1. Advantages of laparoscopic procedures for preventing
adhesion formation

Decreased peritoneal injury
Minimized tissue handling
Decreased immune and stress response
Prevention of air pollution in the abdominal cavity
Reduced drying of the peritoneal surface
Intact peritoneal phospholipid layer
Reduced impairment of gut motility

Table 2. Adhesion formation after laparoscopic and open Nissen
fundoplication in the rat

FL (n = 15) FO (n = 15)

33* 0
Site of adhesions

Parietal adhesions, %
Visceral adhesions, %

62*
38*

15
85

Tenacity
Type I + II, %
Type III, %

57*
43*

18
82

FL = Laparoscopic fundoplication; FO = open fundoplication.
* p ! 0.05.

Table 3. Differences of adhesion formation between laparoscopic
and open fundoplication in the rat

FL (n = 15) FO (n = 15)

1.31B0.29* 2.27B0.37
Site of adhesions 2.46B0.47* 4.35B0.26
Thickness of adhesions 1.31B0.25* 2.56B0.17
Tenacity 1.88B0.28* 2.76B0.14
Vascularization of adhesions 0.65B0.12 0.76B0.11
Total adhesion score 7.15B1.01* 11.44B0.44

FL = Laparoscopic fundoplication; FO = open fundoplication.
* p ! 0.05.

manent adhesion formation. Indeed, there is good evi-
dence that rapid recovery of the plasminogen-activating
system, within 3–4 days, supports adhesion-free tissue
healing and reduces permanent fibrous adhesion forma-
tion [25, 27].

Less Adhesion Formation after Laparoscopy
compared to Laparotomy

The introduction of laparoscopic surgery into the ar-
mament of general surgery and gynecology was associated
with the expectation of markedly reduced adhesion for-
mation. Therefore, a large number of experimental and
clinical studies have been performed in order to evaluate
the possible advantages of laparoscopy, which are shown
in table 1 [7, 28–35]. Most of the clinical studies retro-
spectively determined the number, the anatomical local-
ization and the tenacity of the adhesions, which had been
developed after previous open or laparoscopic surgery.
Experimental studies using different animal models tried
furthermore to examine the microscopic and humoral
changes of adhesion formation during laparoscopic opera-
tions. Summarizing the results, laparoscopy indeed re-
duces postoperative adhesion formation experimentally
and in humans. First of all, the minimal access to the
abdominal cavity reduces the magnitude of peritoneal
trauma, which is the chief trigger of adhesion formation.
Avoiding incisions through well-vascularized anatomical
structures, e.g. muscle layers, and minimizing their extent
are two confirmed basic principles for reducing postoper-
ative adhesions [36]. Minimal access also prevents the
abdominal cavity from exposure to air. Therefore, drying
of the peritoneum with loss of the phospholipid layer as
well as contamination of the peritoneal surface with dif-
ferent endotoxins can be avoided [37, 38]. Gut motility is
less impaired by laparoscopy, therefore earlier recovery of
peristalsis may tear fibrinous adhesions and reduce per-
manent adhesion formation [39].

In our own experimental study, we compared adhesion
formation after laparoscopic and open Nissen fundoplica-
tion in rats [40]. Postoperative determination of adhesion
formation was performed after 3 weeks using the score
system of Moreno et al. [41]. Animals with open fundopli-
cation developed significantly more adhesions, which
were in addition also thicker and of a higher tenacity
grade in comparison to laparoscopic fundoplication (ta-
ble 2, 3). Moreover, open surgery mainly caused adhe-
sions between the intra-abdominal organs themselves
(‘visceral adhesions’), whereas after laparoscopic opera-
tions there were predominantly parietal adhesions be-
tween the abdominal wall and the intestine. The exact
clinical impact of these observations remains unclear.
Nevertheless, it can be assumed that bowel obstruction is
more likely to be due to visceral adhesion, whereas pari-
etal adhesions represent a potential danger for iatrogenic
bowel perforation while reoperating on these patients.
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The data concerning the immune and stress response
induced by laparoscopy are still controversial. Whereas
some studies demonstrated a decreased immune re-
sponse, others revealed equal or even higher plasma con-
centrations of catecholamines, and higher amounts of
white blood cells and cytokines [22, 42–46]. Nevertheless,
at least some pathophysiological facts have been accepted.
Whereas the systemic immune response after open and
laparoscopic surgery may remain unchanged, the local
cytokine release is decreased after laparoscopic surgery.
Some authors demonstrated a direct correlation between
the cytokine levels, mainly TNF-· and IL-6, and the
extent of adhesion formation [47, 48]. Inflammatory cyto-
kines are therefore mainly produced and released in the
peritoneal cavity, and then partly absorbed into the sys-
temic blood circulation [40, 42].

Conclusions

The formation of adhesions remains a common com-
plication of general and gynecological surgery, and is
responsible for a high clinical workload as well as increas-
ing costs. Chronic abdominal pain, early and late bowel
obstruction and infertility are the main clinical features
related to adhesions. The pathogenetical cascade from
peritoneal injury to permanent fibrous adhesion forma-
tion has partly been elucidated. This better understanding
has essentially been influenced by the successfully intro-
duction of minimally invasive surgical procedures in
recent years. However, meticulous surgical technique
with careful tissue handling, hemostasis, and liberal irri-
gation remain the major clinical precautions for prevent-
ing adhesion formation after surgical operations. Laparo-
scopic operations are associated with less adhesion forma-
tion, although it cannot completely be avoided. Medical
prophylaxis and intra-abdominally placed chemical bar-
riers have not yet achieved clinical importance.
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