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ABSTRACT

Keywords:

Study Objective: These experiments were designed to examine the effect of manipulation during surgery as a cofactor in
adhesion formation at trauma sites.

Design: Randomized, controlled trial. Canadian Task Force Classification—class 1.

Setting: University laboratory research center.

Subjects: A standardized laparoscopic mouse model (Balb\c mice 9-10 weeks old) for adhesion formation after opposing
bipolar lesions and 60 minutes of carbon-dioxide pneumoperitoneum. In this model adhesions are known to decrease after
the addition of 3% of oxygen, dexamethasone, or both. In addition, adhesions decrease with experience (i.e., with a decreasing
amount of manipulation during the learning curve).

Interventions: A factorial design was used to evaluate the effects of dexamethasone and of adding 3% of oxygen on manip-
ulation-enhanced adhesion formation during a learning curve. Blocks of 4 animals were thus randomized as controls (carbon-
dioxide pneumoperitoneum only) or received an additional 3% of oxygen, dexamethasone, or both. In a second experiment, the
effects of manipulation on adhesion formation were quantified. In a third experiment we evaluated whether dexamethasone had
a specific effect on manipulation-enhanced adhesion formation.

Measurements and Main Results: Qualitative and quantitative adhesion scoring 7 days after the intervention. The first ex-
periment confirmed that adhesion formation decreased during the learning curve (p <.0001) and after the addition of dexameth-
asone whether assessed as the total adhesion score (p <.0001 and p =.0009, respectively) or a quantitative score (p <.0001 and
p <.0001, respectively). The second experiment showed that adhesion formation increased by standardized touching and
grasping of omentum and bowels (proportion score p =.0059 and p =.0003, respectively) and this effect increased with
duration of touching (p =.0301). In the third experiment, dexamethasone was confirmed to decreased adhesion formation
(p =.0001) but this effect was not specific for manipulation-enhanced adhesion formation.

Conclusion: Manipulation of intraperitoneal organs in the upper abdomen enhances adhesion formation at trauma sites,
confirming that the peritoneal cavity is a cofactor in adhesion formation. Dexamethasone decreases adhesion formation but
the effect is not specific for manipulation-enhanced adhesion formation. Journal of Minimally Invasive Gynecology (2009)
16, 307-12 © 2009 AAGL. All rights reserved.

Adhesion formation; Tissue manipulation; Learning curve; Dexamethasone; Laparoscopy; Animal model

Postoperative adhesion formation remains an important
clinical problem causing small bowel obstructions, chronic
pain, and decreased fertility [1]. Previous abdominal surger-
ies were reported to be the cause of 33% to 50% and 79% of
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large and small bowel obstructions, respectively [2,3]. Adhe-
sions are believed to be an important cause of pelvic pain but
the efficacy of adhesiolysis [4] remains unclear [5]. Intraper-
itoneal (IP) adhesions are considered to be a cause of female
infertility [6] and are in 15% of the cases the only factor found
[7]. At repeated surgeries, adhesions increase difficulty and
duration of surgery and complication rates.

The widely accepted pathophysiology of adhesion forma-
tion after surgical injury to the peritoneal surfaces involves ex-
udation [8], inflammation, and fibrin deposition [9]. Fibrin is
removed by fibrinolysis and simultaneously the mesothelium
is repaired within a few days by proliferation of mesothelial
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cell islands on the injured surface [10]. If the repair process
fails, adhesions can be formed. Adhesions increase with
prolonged inflammation (i.e., infection or suture resorption)
whereas it is believed that the amount of necrotic tissue
increases inflammation and adhesions. Adhesion formation
thus was considered as a local phenomenon. It was shown
that adhesions increase with the duration of carbon-dioxide
(CO,) pneumoperitoneum, with the insufflation pressure,
and with desiccation whereas adhesions decrease with cool-
ing or after adding 3% to 4% of oxygen to the CO, pneumo-
peritoneum [11-13]. These data show that the peritoneal
cavity is a cofactor in adhesion formation at the injured site.
The exact molecular or cellular mechanisms involved are still
unknown.

Good surgical practice is widely believed to reduce adhe-
sion formation [14] and microsurgery has claimed a reduction
of adhesions through minimizing surgical trauma and ische-
mia and by avoiding desiccation [15]. The effect of desiccation
was shown unequivocally in our mouse model [13]. The re-
duction of adhesion formation by gentle tissue handling was
not yet investigated directly. Indirect evidence is the decrease
of adhesion formation by surgical expertise, as revealed in the
rabbit nephrectomy model. Surgical expertise, however, al-
ways associates a decrease in duration of surgery with an in-
crease in quality as shown in numerous animal and human
training curves such as the pig model for paraaortic lymph
node dissection [16], pig model for nephrectomy [17], rabbit
nephrectomy model [18], and human training curves [19].

In our mouse model of adhesion formation it is well
known that the amount and the variability of adhesion forma-
tion decreases exponentially with experience during the first
50 to 80 experiments and a training curve was standard
practice for each new researcher before starting experiments.
Because our mouse model duration of CO, pneumoperito-
neum was standardized to 60 minutes, the decrease in adhe-
sion formation with expertise should be the consequence of
a decrease in tissue manipulation. These experiments were
designed to specifically investigate the effect of tissue manip-
ulation on adhesion formation. Because the effect of tissue
manipulation might be mediated by inflammation, we
evaluated whether dexamethasone, known to have antiin-
flammatory effects, specifically could reduce manipulation-
enhanced adhesion formation.

Materials and Methods
The Laparoscopic Mouse Model for Adhesion Formation

The experimental setup (i.e., animals, anesthesia and ven-
tilation, laparoscopic surgery, and induction and scoring of IP
adhesions) was described in detail previously [11,12,20-24].
Briefly, the model consisted of pneumoperitoneum-enhanced
adhesions induced during laparoscopy by creation of oppos-
ing mechanical lesions. The pneumoperitoneum was main-
tained for 60 minutes using humidified CO, at an
insufflation pressure of 15 mm Hg. Gas and body temperature
were kept strictly at 37°C using a heated chamber. Female

Balb\c mice, 9 to 10 weeks old and weighing 19 to 24 g,
were used because in this inbred strain adhesion formation
was high with low interanimal variability [25]. Animals
were kept under standard laboratory conditions and they
were fed with a standard laboratory diet with free access to
food and water. The study was approved by the institutional
review animal care committee.

Mice were anesthetized with IP 0.08 mg/g of pentobarbi-
tal, intubated with a 20-gauge catheter and mechanically ven-
tilated (Mouse Ventilator MiniVent, type 845, Hugo Sachs
Elektronik-Harvard Apparatus GmbH, March-Hugstetten,
Germany) using humidified room air with a tidal volume of
250 pL at 160 strokes/min to prevent cooling. To avoid var-
iability introduced by any other procedures as anesthetizing
and intubating the Balb\c mice, which are very small, the in-
vestigator was trained in this before the start of the study. The
investigator, moreover, was an experienced endoscopist.

A midline incision was performed caudal to the xyphoids,
a 2-mm endoscope with a 3.3-mm external sheath for insuf-
flation (Karl Storz, Tiittlingen, Germany) was introduced into
the abdominal cavity, and the incision was closed gas tight
around the endoscope to avoid leakage. The pneumoperito-
neum was created (Thermoflator Plus, Karl Storz) using hu-
midified insufflation gas [13,26]. After the establishment of
the pneumoperitoneum, 2 14-gauge catheters were inserted
under laparoscopic vision. Standardized 10- by 1.6-mm le-
sions were made in the antimesenteric border of both right
and left uterine horns and pelvic sidewalls with bipolar coag-
ulation, BICAP bipolar hemostasis probe BP-5200A 5F 200
cm (IMMED Benelux, Linkebeek, Belgium) at 20 W (stan-
dard coagulation mode, Autocon 200, Karl Storz, Tuttlingen,
Germany).

Adhesions were scored blindly (the investigator was not
informed of the group being evaluated) both qualitatively
and quantitatively under stereomicroscopic vision during lap-
arotomy 7 days later. The qualitative scoring system assessed
extent (O = no adhesions; 1 = 1%-25%; 2 = 26%—50%; 3 =
51%-75%; 4 = 76%—-100% of the injured surface involved),
type (0 = no adhesions; 1 = filmy; 2 = dense; 3 = capillaries
present), and tenacity (0 = no adhesions; 1 = easily fall
apart; 2 = require traction; 3 = require sharp dissection) of
adhesions, from which a total score was calculated (extent
+ type + tenacity). The quantitative scoring system assessed
the proportion of the lesions covered by adhesions using the
following formula: adhesion (%) = (sum of the length of the
individual attachments/length of the lesion) X 100. The re-
sults are presented as the average of the adhesions formed
at the 4 sites (right and left visceral and parietal peritoneum),
which were individually scored.

Setup and Design of the Experiments

To control temperature, animals and equipment (i.e., in-
sufflator, humidifier, water valve, ventilator, and tubing)
were placed in a closed chamber maintained at 37°C with
a heated air patient warming system (WarmTouch, model
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5700, Mallinckrodt Medical, Hazelwood, Mo). The insuffla-
tion gas temperature was determined by the environmental
temperature (i.e., at 37°C). Because anesthesia and ventila-
tion can influence body temperature and body temperature
can influence adhesion formation [13], the timing and tem-
perature were strictly controlled. Mice temperature was mea-
sured by rectal probe before anesthesia and was between
35°C and 37.7°C for all mice. The time of the anesthesia in-
jection was considered time 0. The animal preparation and
ventilation started after exactly 10 minutes. The pneumoper-
itoneum started at 20 minutes and was maintained for 60 min-
utes for a total of 80 minutes. In all experiments, animals
were block randomized by day (i.e., 1 animal of each group
was operated on the same day in random order) to eliminate
eventual variability caused by the day or surgery.

Experiment I (n = 80) was performed to confirm the de-
crease in adhesion formation during sequential experiments
even when performed by an experienced endoscopist. Be-
cause duration of surgery was strictly standardized at 60 min-
utes, the only variable was decreasing manipulation with
experience. Using a factorial design, we specifically evalu-
ated in each sequential block of 4 animals the effect of dexa-
methasone and the effect of adding 3% of oxygen, because
both were proved previously to reduce adhesion formation
in this model [12,27]. In each block, mice thus were random-
ized to no additional treatment (group I); treatment with 40
mg of dexamethasone twice, the first after surgery and the
second after 24 hours (group II); the addition of 3% oxygen
to the CO, pneumoperitoneum (group III); or both dexameth-
asone and oxygen treatment (group IV).

Experiment II (n = 32) was designed to evaluate the effect
of touching and grasping in the upper abdomen on adhesion
formation in the lower abdomen (i.e., at the site of the injury).
Group I (n = 8) was the control group. In groups II (n = 8)
and IV (n = 8) the omentum and large and small bowels were
moved gently up and down across the abdomen for 5 and 10
minutes, respectively, with the shafts of 2 graspers (i.e., tis-
sues were moved around without grasping). In group III (n
= 8), to check whether grasping was more traumatic thus
more adhesiogenic, the omentum and small and large bowels
were grasped and manipulated repetitively for 5 minutes with
a 1.5-mm atraumatic grasper.

Experiment III (n = 32) was designed specifically to eval-
uate whether dexamethasone, known to reduce CO, pneumo-
peritoneum-enhanced adhesions, had a specific effect on
manipulation-enhanced adhesions. A factorial design (n =
8 animals/group) was used in which group I consisted of
the control group (i.e., CO, pneumoperitoneum-enhanced
adhesions without any treatment). Group II received 2 doses
of 40 ng of dexamethasone, one immediately after the end of
pneumoperitoneum and another 24 hours later. In group III
a similar manipulation as in experiment II of the omentum
and large and small bowels was performed for 5 minutes
with a 1.5-mm nontraumatic grasper. Group IV received sim-
ilar manipulation for 5 minutes as group III but also received
dexamethasone in the same fashion as in group I

Statistics

Software (Graph Pad Prism, Graph Pad Software Inc, San
Diego, Calif), was used for curve fitting. Statistical analyses
were performed with software (SAS System, SAS Institute,
Cary, NC) using nonparametric tests, because the numbers
were too small to confirm reliably a normal distribution.
For the first experiment a 3-way analysis of variance
(ANOVA) with the block number, dexamethasone, and oxy-
gen as independent variables (Proc GLM [general linear
methods]) was used to evaluate simultaneously the effects
of experience/manipulation, dexamethasone, and oxygen ad-
dition. This 3-way ANOVA was used as a simplification of
a 2-way ANOVA (factorial design of oxygen and dexameth-
asone treatment) within a repetitive measurement (sequential
blocks). In the second experiment differences in adhesions
between 2 specific groups were evaluated by Wilcoxon
rank sum test. For the third experiment a 2-way ANOVA
(Proc GLM) evaluated the effects of manipulation and of
dexamethasone. Although nonparametric tests were used
for statistical analysis, means and SD (instead of medians,
10th-90th percentiles) are given in text and figures because
they are easier to read and interpret.

Power analysis was based on the low interanimal variabil-
ity in inbred Balb\c mice (<5%) resulting in a power of 90%
to detect a difference of 4%, 7%, and 9% when comparing 2
groups of 40, 12, or 8 mice, respectively. Indeed a factorial
design, permitting a 2- or 3-way ANOVA, has almost the
same power for each variable as if the experiment were
conducted sequentially for each variable with the same
number of animals. The factorial design, moreover, permits
the exclusion of interaction between the factors investigated
[28].

In the first experiment 3 mice died immediately after sur-
gery in the first 3 blocks. In these blocks, adhesion formation
was, moreover, erratically high. Because this obviously was
a confounding factor caused by the surgeon’s limited labora-
tory experience and because statistical results did not vary
with or without these 3 blocks, the first 3 blocks were not
included in the graph or statistical analysis in this article.

Results

In experiment I, an obvious learning curve was observed
in the control group with a logarithmic decline in adhesion
formation, whether evaluated as proportion or as total amount
of adhesions (Proc GLM, p <.0001 for both). Dexametha-
sone decreased adhesion formation whether evaluated as ad-
hesion proportion, total adhesion score, extension, type, or
tenacity (Proc GLM, p =.0001, p =.0009, p <.0001, p
=.0063, and p =.007, respectively). Of interest, the effect
of the learning curve almost disappeared with dexametha-
sone treatment (Fig. 1). The decrease in adhesion formation
with the addition of 3% of oxygen was not significant
(Proc GLM, p =.0658) probably as a consequence of the
high variability during the learning curve.
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Fig. 1. Adhesion formation during learning curve (i.e., first 80 animals). Us-
ing block, randomization of 4 sequential mice to 60 minutes of CO, pneumo-
peritoneum only, addition of 3% of oxygen, addition of dexamethasone, or
both show that adhesions decrease with experience (p <.0001), with addition
of dexamethasone (p <.0001 for adhesion proportion), and with addition of
oxygen (not significant, p =.06 for adhesion proportion).

In experiment I, manipulation of omentum and bowels in-
creased adhesion formation and this effect increased with
time. Groups II, III, and IV, had higher adhesion proportion
in comparison with the control group (Wilcoxon test, p
=.0059, p =.0003, and p =.0003, respectively). The effect
of manipulation increased with duration (i.e., 5 vs 10 min-
utes) for adhesion proportion and adhesion extension (Proc
GLM, p =.0301 and p =.0241, respectively). In addition,
grasping increased adhesions but the effect was not more pro-
nounced than manipulation (Fig. 2). In none of the mice was
adhesion found in the upper abdomen.

Experiment III confirmed that manipulation increased ad-
hesion formation and that dexamethasone reduced adhesions
whether evaluated quantitatively (2-way ANOVA, p =.0001
for both) (Fig. 3) or qualitatively. The adhesion scores for ex-
tension, type, tenacity, and total score were lower under dexa-
methasone treatment (Proc GLM, p <.0001, p <.0001,
p <.0001, and p <.0001, respectively) and were significantly
higher with grasping manipulation for 5 minutes (Proc GLM,
p <.0001, p <.0001, p <.0001, and p <.0001, respectively).
Dexamethasone decreased adhesions similarly in the control
and manipulation-enhanced adhesion groups. Manipulation
also enhanced quantitative adhesion scores when comparing
the 2 groups receiving dexamethasone (Wilcoxon, p =
.008).

Discussion

These results revealed that tissue manipulation in the
upper abdomen by itself enhances adhesion formation at
the site of lesions. The effect is seen with different types of
tissue manipulation such as touching and grasping, and is
dose dependent. In addition, the higher adhesion formation
at the beginning of the learning curve is consistent with
more manipulation by the inexperienced surgeon (Fig. 1)
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Fig. 2. Increase in adhesion formation in laparoscopic mouse model by ma-
nipulation of tissue either touching (p =.0059 for adhesion proportion) or
grasping (p =.0003 for adhesion proportion) for 5 minutes. Effect of touch-
ing is dose dependent (5 vs 10 minutes, p =.0301 for adhesion proportion).
Bars present means and SD of each group.

because this was the only variable, as in these experiments
the duration of the pneumoperitoneum and of the anesthesia
was kept constant at 60 minutes. This effect of trauma
and manipulation strongly supports the concept of gentle
tissue handling as one of the important factors in adhesion
prevention.

That manipulation alone has such a profound effect on ad-
hesion formation (Fig. 2) could have far reaching clinical im-
portance. Indeed, although during surgery mobilization
cannot be avoided for exposition of structures and during dis-
section, the amount of manipulation will decrease with expe-
rience of the surgeon, as reflected also in shorter operating
times. It, moreover, suggests that during learning curves
not only is the duration and quality of surgery affected, but
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Fig. 3. Manipulation increases (p =.0001 for adhesion proportion) and
dexamethasone decreases (p =.0001 for adhesion proportion) adhesion for-
mation in laparoscopic mouse model (2-way ANOVA; proportion). Bars
present means and SD of each group.
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also the overall tissue trauma and manipulation and possibly
also human adhesion formation.

These experiments confirm and extend the model that the
peritoneal cavity is a cofactor in adhesion formation between
traumatized peritoneal areas. Although the adhesions occur
only at the lesion sites (i.e., the uterus and the abdominal
wall), the amount of adhesion formation depends on factors
in the peritoneal cavity or fluid. These experiments showing
that manipulation outside the lesions will affect adhesion for-
mation unequivocally reveal that the effect has to be medi-
ated through the peritoneal cavity or fluid. The mechanism
and the factors involved are still unknown, although they
seem to be a consequence of the trauma caused by manipula-
tion, desiccation, hypoxia, or reactive oxygen species (ROS).
Obviously this is not the peritoneal macroscopic injury, be-
cause no adhesion formed between the organs manipulated,
but only at the area of injury.

The model that the peritoneal cavity is a cofactor in adhe-
sion formation at the level of peritoneal trauma is bound to
influence our clinical concept of adhesion prevention. First,
the clinical wisdom of gentle tissue handling and careful
and bloodless surgery becomes experimentally supported.
The importance of experience and training gains another di-
mension, because in addition to reducing complication rates
and operation time it also reduced tissue manipulation. We
thus begin to understand why training and experience might
be key factors in adhesion prevention.

Clinical adhesion prevention today is limited to barriers
and flotation agents, both of which are effective. The mech-
anism of their action, however, could be interpreted differ-
ently, because barriers could also prevent peritoneal factors
from reaching the trauma sites whereas flotation agents could
attenuate these factors by massive dilution. The concept of
the peritoneal cavity as a cofactor in adhesion formation
has other far-reaching implications for adhesion prevention,
because therapy should also be oriented to minimizing or pre-
venting these peritoneal factors. In addition to quality of sur-
gery (i.e., gentle tissue handling and duration of surgery);
minimizing the mesothelial trauma of ROS, hypoxia, and
desiccation by humidification; and adding small amounts of
oxygen and cooling, other factors should be considered
(e.g., dexamethasone). In these experiments we specifically
used dexamethasone because it proved efficacious in previ-
ous experiments using this model [27], and because we antic-
ipated some inflammatory reaction after manipulation.
Moreover, in the first experiment the effect of dexamethasone
was so pronounced that we wanted to test whether the effect
might be specific for manipulation-enhanced adhesion for-
mation. Dexamethasone was confirmed to attenuate effec-
tively the adhesiogenic effect of CO, pneumoperitoneum
plus manipulation although not more than the effect of CO,
pneumoperitoneum only. This effect thus seems not specific
for manipulation-enhanced adhesions, because the reduction
was only proportional to the control group (i.e., adhesions af-
ter manipulation and dexamethasone treatment remaining
more important than after dexamethasone only).

To estimate the clinical implications of these findings the
model used should be understood. The mouse model com-
bines minimal surgical trauma (enough to induce reliably al-
beit minimal adhesions) together with factors affecting the
entire peritoneal cavity and enhancing this posttraumatic ad-
hesion formation. In human surgery the surgical trauma is
generally much more pronounced whereas the intensity of
the other factors enhancing adhesions is variable. Today we
do not have clinical evidence of adhesion reduction by reduc-
ing these adhesion-enhancing factors (i.e., CO, pneumoper-
itoneum, ROS, dessication, and tissue manipulation). The
importance of the latter 2 factors, however, has been postu-
lated clinically for decades. In addition, the adhesion-reduc-
ing effect of dexamethasone should be considered carefully.
Although effective in rabbits [29], efficacy was not consis-
tently confirmed in human beings [30] or monkey models
[31]. In our mouse model dexamethasone was shown to be
highly effective in reducing adhesions in a pure surgical
trauma model. When used in the adhesion enhancement
model (trauma or CO, pneumoperitoneum) the adhesions re-
duction remains statistically significant but the effect of dexa-
methasone clearly is not specific for this adhesion
enhancement. Absence of significant adhesion reduction in
human and primate models thus is not surprising because
the enhancement factors involved in adhesion formation
were poorly controlled, whereas variability in non-inbred
strains is much higher. This interindividual variability, to-
gether with ethical constraints limiting standardization of hu-
man surgery, hampers clinical investigation. Understanding
the underlying mechanisms, however, could be important
in designing effective adhesion reduction regimens.

In conclusion, adhesion formation between traumatized
areas is enhanced by manipulation of pelvic organs. This fur-
ther supports the concept that the entire peritoneal cavity is
a cofactor in adhesion formation. Indeed, because hypoxia,
addition of oxygen, and desiccation affect both traumatized
areas and the peritoneal cavity it has been difficult to con-
clude unequivocally that the effect was through the peritoneal
cavity. These experiments, to the contrary, by revealing the
effect of manipulation in the upper abdomen at distance
from the trauma sites, show that the peritoneal cavity pro-
duces cofactor or cofactors modulating adhesion formation.
Clinically the concept of gentle tissue handling is supported,
emphasizing the importance of training and skill develop-
ment not only to reduce operating time and complications
but also to minimize unnecessary tissue manipulation.
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