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Abstract

Background Laparoscopic surgery has been incorporated

into common surgical practice. The peritoneum is an organ

with various biologic functions that may be affected in

different ways by laparoscopic and open techniques.

Clinically, these alterations may be important in issues

such as peritoneal metastasis and adhesion formation.

Methods A literature search using the Pubmed and

Cochrane databases identified articles focusing on the key

issues of laparoscopy, peritoneum, inflammation, mor-

phology, immunology, and fibrinolysis.

Results Laparoscopic surgery induces alterations in the

peritoneal integrity and causes local acidosis, probably due

to peritoneal hypoxia. The local immune system and

inflammation are modulated by a pneumoperitoneum.

Additionally, the peritoneal plasmin system is inhibited,

leading to peritoneal hypofibrinolysis.

Conclusion Similar to open surgery, laparoscopic surgery

affects both the integrity and biology of the peritoneum.

These observations may have implications for various

clinical conditions.
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In recent decades, laparoscopic techniques have been

integrated into common surgical practices. The rationale

for the acceptance of these techniques is evident. Laparo-

scopic procedures have been associated with a shorter

hospital stay and an earlier return to normal activities and

work [1, 2]. The avoidance of a median laparotomy reduces

the incidence of cicatricial hernia, and by minimizing

surgical trauma, likely decreases the incidence of postop-

erative adhesions [3]. Moreover, endoscopic surgery is

associated with superior cosmesis.

The abdominal cavity is lined by the peritoneum, which

comprises a single layer of mesothelial cells supported by a

basement membrane and an underlying sheet of connective

tissue. The peritoneal organ has multiple biologic functions

including regulation of inflammation, fibrinolysis, angio-

genesis, and tissue remodeling processes [4–7]. Surgical

trauma results in mesothelial damage and elicits an

inflammatory response. Mesothelial cells balloon and

detach from the basal membrane, thereby creating denuded

areas. The inflammatory reaction is accompanied by the

production and release of a broad spectrum of biologically

active proteins and the exudation of protein-rich fluid. The

peritoneal fibrinolytic response is rapidly disturbed [8, 9].

The minimal invasive character of laparoscopic surgery

may reduce surgical trauma to the peritoneum. Laparo-

scopic procedures, however, introduce novel entities in the

abdominal cavity such as increased abdominal pressure,

insufflation gases, and temperature shifts, all of which may

affect peritoneal integrity and biology. The current study

was performed to review the literature concerning the
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biologic repercussions of laparoscopic surgery to the per-

itoneal organ.

Methods

A search of the MEDLINE and Cochrane databases was

conducted to identify reports describing peritoneal changes

due to laparoscopy. The following MeSH search terms

were used: ‘‘laparoscopy,’’ ‘‘peritoneum,’’ ‘‘inflammation,’’

‘‘morphology,’’ ‘‘immunology’’ and ‘‘fibrinolysis.’’ These

terms were applied in various combinations in addition to

the use of the ‘‘related articles’’ function. A total of 113

articles were selected and assessed. Manual cross-refer-

encing was performed, and relevant references from

selected papers were reviewed. The articles were restricted

to those in the English language.

Morphologic alterations

The peritoneal surface comprises a mesothelium composed

of cubic, flat, or intermediate cell types delimited by a

basal lamina. Cubic mesothelial cells are predominantly

present in the serosa of parenchymal organs and flat mes-

othelial cells in the intestinal, omental, and parietal peri-

toneum. An intermediate mesothelial cell type is found in

the gastric peritoneum [10]. The submesothelial connective

tissue layer is composed of collagen fiber bundles, fibro-

blasts, and free cells such as macrophages, granulocytes,

and mast cells and contains blood and lymphatic vessels.

During conventional surgical procedures, mesothelial

cells balloon and detach from the basal membrane, thereby

creating denuded areas. Various experimental studies have

shown that peritoneal integrity also may be disturbed by

laparoscopic surgery. Suematsu et al. [11] found in an

experimental study using mice that bulging up of the

mesothelial cells was present immediately after initiation

of pneumoperitoneum and fully resolved after 72 h. These

data were confirmed by another experimental study in

which mesothelial cells were bulging up 2 h after the ini-

tiation of a pneumoperitoneum [12]. The intercellular clefts

thereby increased in size, and the underlying basal lamina

became visible and subsequently infiltrated by peritoneal

macrophages and lymphocytes.

A disruption of the peritoneal lining is likely to be a

major cause for the inclination of surfaces to adhere.

Restoration of the mesothelial lining, including mesothelial

repopulation of denuded areas, seems to be of importance

in reducing postinflammatory and postsurgical adhesion

development. Bertram et al. [13] demonstrated that adhe-

sion formation may be reduced by intraperitoneal trans-

plantation of mesothelial cells, most likely by nidation of

‘‘free floating’’ cells. Similar results were found with

intraperitoneal injection of mesenchymal stem cells

immediately after surgery [14].

Inflammatory cells have been found in the peritoneum

already 2 h after initiation of a pneumoperitoneum, whereas

after 24 h, a chronic infiltrate and reactive mesothelial cells

with congestion were observed [15]. Suematsu et al. [11]

found that peritoneal changes during laparoscopy may be

affected by the choice of insufflation gas, the amount of

pressure, and the duration of insufflation. Intercellular clefts

were found after both helium and carbon dioxide (CO2)

pneumoperitoneum, but not after insufflations with nor-

mal air. This was confirmed by Rosario et al. [16], who

described CO2 pneumoperitoneum as more harmful to the

mesothelial ultrastructure than air insufflation.

In addition, Hazebroek et al. [17] also described a

retraction, bulging of mesothelial cells, and exposure of the

basal lamina after insufflation with CO2. In their study, the

effect was independent of the temperature and the humid-

ifying of the CO2. In contrast to that study, Erikoglu et al.

[18] found, in an electron and light microscopic study, that

heated and humidified CO2 resulted in fewer peritoneal

alterations than cold and dry CO2.

Few studies have described the peritoneal changes dur-

ing laparoscopic surgery in humans. Liu et al. [19]

described the peritoneal morphology in 40 patients under-

going either conventional or laparoscopic surgery. Similar

to the experimental studies, pneumoperitoneum induced

bulging of mesothelial cells that was evident immediately

at initiation. After 30 min of surgery, intercellular spaces

could be found, and at 1 h, the underlying basement

membrane could be seen and had lost its continuity. After

2 h, lymphocytes and macrophages were found in the

intercellular clefts. These observations are in contrast to

observations during conventional surgery, in which after as

long as 60 min, no marked changes in the mesothelial cells

were found. After 120 min of conventional surgery, inter-

cellular spaces became significant.

Hypoxia and acidosis in the peritoneum

In addition to morphologic alterations, laparoscopic sur-

gery may induce metabolic changes in the peritoneum. The

creation of pneumoperitoneum may affect local peritoneal

oxygen levels, which may induce metabolic changes

including acidosis.

In 2003, Wildbrett et al. [20] showed that a pneumo-

peritoneum, created with either CO2 or helium, decreased

the partial oxygen pressure in the rat abdominal wall, as

measured with an implanted microcatheter. In contrast,

insufflation with a nonhypoxic gas mixture consisting of

80% CO2 and 20% oxygen did not affect the oxygen

pressure. Based on their study and additional in vitro
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experiments, these authors concluded that insufflation with

either CO2 or helium affects the intra- and extracellular

parameters regulating essential cell functions such as oxi-

dative phosphorylation to produce adenosine triphosphate

(ATP), cell proliferation, and onset of apoptosis.

The role of local oxygen pressure was further studied by

Bourdel et al. [21] in a mouse laparoscopic model with

controlled respiratory support. They found that the perito-

neal tissue–oxygen tension levels in noninjured peritoneum

during a low-pressure CO2 pneumoperitoneum were higher

than during a laparotomy in ventilated mice. After CO2

insufflation, the peritoneal tissue–oxygen tension immedi-

ately increased and remained at a higher level. A similar

effect was not found when normal air was used as insuf-

flation gas.

In two experimental studies, Molinas el al. [22, 23]

showed that peritoneal hypoxia is relevant in the occur-

rence of postsurgical adhesions, possibly by reducing

capillary flow in the superficial peritoneal layers during

pneumoperitoneum. In a murine model, they found that

the incidence of adhesions increased with a longer time

of pneumoperitoneum and a higher insufflation pressure.

Interestingly, the incidence decreased when oxygen was

added to the insufflation gas. The adhesion-reducing

effect of oxygen was maximal when 2 to 3% oxygen was

added.

This theory was confirmed by the study of Elkelani et al.

[24] using mice, in which adhesion formation decreased

with the addition of 3% oxygen to the CO2 pneumoperi-

toneum. The addition of higher oxygen concentrations,

however, was deleterious. Adhesions always increased

with a longer duration of the pneumoperitoneum.

In another experiment, the role of hypoxia-inducible

factor (HIF)-1alpha and HIF-2alpha in CO2 pneumoper-

itoneum-enhanced adhesion formation was studied [25]. It

was observed that CO2 pneumoperitoneum enhanced

adhesion formation and that this effect was mediated, at

least in part, by an upregulation of HIF-1alpha and HIF-

2alpha. Additionally, Binda et al. [26] recently showed that

the reactive oxygen species scavengers superoxide dismu-

tase, catalase, melatonin, and ascorbic acid may decrease

adhesion formation. Moreover, they showed that the HIF

inhibitors may reduce adhesion formation.

Peritoneal hypoxia may induce metabolic changes,

inducing a metabolic acidosis. Recently, it was shown that

insufflation of CO2 into the peritoneal cavity results in a

decreased peritoneal pH. An immediate local drop in pH to

6.6 occurred in the peritoneum after CO2 insufflation.

During the pneumoperitoneum, the pH further declined,

stabilizing at 6.4. The pH was completely restored during

the recovery period. This peritoneal effect also appeared to

affect the systemic acid–base balance, probably due to

transperitoneal absorption.

Using helium as the insufflation gas, the opposite effect

was found. Tissue pH increased slightly to 7.5 during

insufflation, followed by a continuous decrease during

pneumoperitoneum and recovery, reaching 7.2. This indi-

cates that factors other than high intraabdominal pressure

probably are involved [27].

These data confirm the study of Hanly et al. [28], who

also found that abdominal insufflation with CO2 causes

peritoneal acidosis independent of the systemic pH. In their

study, insufflation with helium did not affect the peritoneal

pH. Additionally, Wong et al. [29] also found that CO2

pneumoperitoneum results in severe peritoneal acidosis. In

their study, this effect was unaltered by heating or

humidification. They hypothesized that the alteration in

peritoneal pH may conceivably be responsible for provid-

ing an environment favorable for tumor cell implantation

during laparoscopy.

The induction of peritoneal acidosis by laparoscopy may

change the peritoneal immunoprotection. Acidification of

the peritoneal cavity by abdominal insufflation increased

serum interleukin-10 (IL-10) and decreased serum tumor

necrosis factor (TNF)-alpha levels in response to systemic

lipopolysaccharide challenge. The degree of peritoneal

acidification correlated with the degree of inflammatory

response reduction [30]. Thus, pneumoperitoneum-medi-

ated peritoneal cell acidification may attenuate the

inflammatory response after laparoscopic surgery.

Peritoneal immunology

After conventional surgery, polymorphonuclear leucocytes

infiltrate the damaged peritoneal areas, soon followed by

macrophages. Degranulation of peritoneal mast cells

increases vascular permeability, which results in an

inflammatory response and the release of active compo-

nents. These active components include complement fac-

tors and opsins. In addition, cytokines and growth factors,

such as transforming growth factor-beta (TGF-b) and TNF-

a, are secreted by polymorphs. Macrophages also release

monokines such as interleukin-1 (IL-1), IL-6, and aracha-

donic acid metabolites [31]. The peritoneal macrophage

function activates the immune system due to the release of

acute-phase proteins, ultimately leading to the activation of

repair mechanisms. In contrast to the peritoneal reaction to

a laparotomy, little is known about the local immune

response to endoscopic procedures.

Clinical and experimental studies have demonstrated

that laparoscopic surgery may preserve the systemic

immune system better than open procedures [32–35]. Both

systemic C-reactive protein levels and IL-6 levels are lower

in patients undergoing laparoscopy than in those undergo-

ing laparotomy [36, 37]. An animal study comparing con-

ventional and laparoscopically assisted colonic resection

Surg Endosc (2011) 25:1–9 3

123



showed reduced levels of systemic IL-6 in the laparo-

scopic group. Laparoscopic surgery is characterized by

a decreased acute-phase pro-inflammatory response of

TNF-a and IL-1, with subsequent attenuation of late-phase

immunosuppression seen with laparotomy [38–40]. These

systemic observations, however, may not reflect the local

immune response of the peritoneum to surgical trauma.

As a first line of defense, peritoneal macrophages and

polymorphonuclear neutrophil granulocytes are of primary

importance in protecting the body. Experimental animal

studies have shown that both air and carbon dioxide may

affect the function of these cells [41]. Air exposure trig-

gered a higher transmigration rate of polymorphonuclear

neutrophils from the blood compartment into the peritoneal

cavity and decreased polymorphonuclear neutrophil apop-

tosis compared with CO2. Another study showed that

peritoneal macrophages exhibit a decreased basal TNF-a
release when exposed to CO2 [42]. Interestingly, these cells

showed an increased TNF-a release after a second immune

stimulation using Escherichia coli, suggesting a greater

competency of interaction in an immune defense reaction

after CO2 exposure.

West et al. [43] reported an inhibition of IL-1 production

by peritoneal macrophages in vitro after 15 min of CO2

exposure, whereas after 30 min, TNF-a production also

was decreased. These findings were supported by addi-

tional in vivo experiments comparing a capno-pneumo-

peritoneum and a pneumoperitoneum with helium,

showing less TNF-a and IL-1 secretion when CO2 was

used [44]. Because the tumor-scavenging action of peri-

toneal macrophages is mediated by inflammatory cytokines

such as TNF-a, these observations may affect tumor

implantation [45]. Additionally, Neuhaus et al. [46]

showed in an experimental model that the choice of

insufflation gas may affect the incidence of port-site

metastases, possibly in relation to local defense

mechanisms.

Various factors may contribute to the changed local

immune response during laparoscopic surgery. As descri-

bed earlier, pneumoperitoneum causes an acidification of

the peritoneal surface, which may affect the immune

response. This, however, may not entirely explain why

IL-1 is inhibited as early as 15 min after CO2 exposure,

whereas TNF-a is inhibited after a minimum exposure of

30 min [47]. This may imply that IL-1 production is

inhibited via a transcriptional control mechanism, whereas

intracellular acidosis may contribute to the inhibition of

TNF-a. Decreased IL-1 mRNA and normal levels of

TNF-a mRNA support this assumption.

A second factor may be the abdominal temperature.

Carbon dioxide insufflation has been associated with

reduced body and abdominal temperature. During lapa-

roscopy, the intraabdominal temperature has been

demonstrated to decrease to as low as 27.7�C [48]. Animal

studies have shown significant changes in body core tem-

perature during laparoscopy using dry cold gas compared

with the use of humidified and heated gas [49]. Hypo-

thermia may have affected peritoneal macrophage func-

tions. Patients undergoing a laparoscopic cholecystectomy

with a pneumoperitoneum at room temperature were

shown to have higher levels of cytokines in the peritoneal

fluid than those undergoing the procedure with pneumo-

peritoneum at body temperature [50]. Both TNF-a and IL-1

were significantly increased, whereas IL-6 was marginally

elevated [51].

Growth factors and adhesion molecules

Activation of peritoneal inflammation and modulation of

the immune response after laparoscopic surgery eventually

regulates peritoneal healing processes. Besides the previ-

ously described cytokines, growth factors and adhesion

molecules also may play important roles in peritoneal

healing. Peritoneal mesothelial cells produce multiple cel-

lular mediators such as TGF-b and also may regulate the

response of other cells [52]. Whereas TGF-b stimulates

fibroblasts to produce many proteins including collagen,

fibronectin, and integrins, it decreases the production of

proteins such as collagenase and heparinase whose function

is to degrade the extracellular matrix. Mesothelial cells

express various adhesion molecules such as intercellular

adhesion molecule-1 (ICAM-1) and vascular adhesion

molecule-1 (VCAM-1) [53].

Other proteins present in the peritoneum are connective

tissue growth factor, heparin-binding epidermal growth

factor, vascular endothelial growth factor (VEGF), fibro-

blast growth factor, and platelet-derived growth factor.

Studies focusing on laparoscopic surgery in relation to

these proteins are lacking. An exception is TGF-b, which

has been studied in patients undergoing a laparoscopic

cholecystectomy [54]. The findings showed that short-term

laparoscopy does not affect the peritoneal levels of TGF-b.

The use of an ultrasonic scalpel, frequently applied in

laparoscopic surgery, decreased the levels of TGF-b com-

pared with electrocautery. The intensity of light used to

illuminate the peritoneal cavity also influenced the local

concentrations of TGF-b.

A range of studies support the theory that TGF-b is a

major stimulator of peritoneal adhesion formation, pri-

marily by increasing the production of plasminogen acti-

vator inhibitor (PAI-1). Furthermore, TGF-b is a stimulator

of extracellular matrix deposition, resulting in a net accu-

mulation of connective tissue [55–57]. The relation

between TGF-b and adhesion formation has been estab-

lished by various studies demonstrating elevated levels of

TGF-b in areas of adhesion formation in humans [58, 59].
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Additionally, Freeman et al. [60] showed in an experi-

mental rat study that peritoneal adhesions have higher

levels of TGF-b1 and TGF-b3 mRNA transcripts than

either uninjured or normally healed peritoneum.

Sendt et al. [61] studied the expression of various

indicators of the inflammatory response including IL-1,

IL-6, ICAM-1, and antibodies against macrophage-

inhibiting-factor-related proteins 8 and 14 in patients

undergoing open-end laparoscopic cholecystectomy. They

found no difference in any of the measured parameters

except IL6 between the open and laparoscopic groups. The

findings showed that ICAM-1 also was increased signifi-

cantly in the laparoscopic group. These authors concluded

that minimally invasive surgery does not necessarily mean

minimal peritoneal damage.

The role of VEGF during laparoscopy was studied by

Molinas et al. [62] in an experimental mouse model. After

60 min of CO2 pneumoperitoneum, an increased incidence

of adhesion were observed. Antibodies against VEGF-1

receptors significantly reduced adhesion formation, sug-

gesting that VEGF plays an important role in the complex

design of peritoneal healing after laparoscopic surgery.

Peritoneal fibrinolysis

There is substantial evidence that the peritoneal plasmin

system plays a crucial role in peritoneal healing and sub-

sequent adhesion formation. Peritoneum mesothelial cells

produce both activators and inhibitors of the plasmin sys-

tem. Tissue-type plasminogen activator (tPA) is the major

plasminogen activator in the peritoneal organ [63], fol-

lowed by urokinase-type plasminogen activator (uPA).

Their activity is limited by plasminogen-activating inhibi-

tors, principally type 1 (PAI-1). Conventional abdominal

surgery is accompanied by a rapid decline in the peritoneal

fibrinolytic activity. The decreased peritoneal fibrinolysis

may be caused by both an increase in its inhibitors [64] and

a quick release of tPA from the visceral peritoneum during

surgery [65].

In an in vitro model, Ziprin et al. [66] assessed the effect

of a pneumoperitoneum on the fibrinolytic activity of

mesothelial cells. Human peritoneal cells were incubated in

CO2, helium, and standard culture conditions. These

authors found enhanced plasminogen activator activity

from cells exposed to both CO2 and helium in the absence

of oxygen because of a reduction in PAI-1 concentrations.

No changes in tPA levels were observed. Changes in

insufflation pressures did not affect plasminogen activator

activity.

Bergström et al. [67] found that flowing CO2 increases

PAI-1 expression by mesothelial cells in vitro. In their

study, one group of primarily cultured human peritoneal

mesothelial cells was exposed to CO2 flowing through the

box without elevated pressure and another group to CO2 at

a pressure of 14 mmHg. The mesothelial cells exposed to

flowing CO2 released more PAI-1 than cells exposed to

pressurized CO2 and control cells. Cells exposed to flow-

ing CO2 had an increased PAI-1 mRNA expression.

Upregulation of PAI-1 has been described as a mechanism

of pneumoperitoneum-enhanced adhesion formation in

mice [68].

In another experimental study, Nagelschmidt et al.

[69] found that a CO2 pneumoperitoneum significantly

decreased peritoneal tPA activity in pigs. These experi-

mental studies have indicated that similar to open surgery,

laparoscopic surgery may lead to hypofibrinolysis by both

an upregulation of inhibitors and a downregulation of

activators of the plasmin system.

Tarhan et al. [70] studied peritoneal fluid after both open

and laparoscopic cholecystectomy. They found higher tPA

levels after the open procedure, possibly in relation to more

intense tissue handling. The role of fluid concentrations in

peritoneal healing and the relation to the peritoneal levels

of fibrinolytic enzymes, however, remain a matter of

debate. In another study with patients undergoing a lapa-

roscopic cholecystectomy, there was no effect on the

expression of peritoneal tPA, PAI-1, or uPA levels.

Moreover, the biopsies taken from patients undergoing

surgery with various pressures and light intensities did not

differ [71]. The short operation time may have contributed

to these observations.

This hypothesis was confirmed in another study

assessing the effect of prolonged laparoscopic surgery [72].

Prolonged laparoscopic surgery decreased peritoneal tPA

antigen expression and its activity after 90 min of surgery.

It was concluded that in contrast to short-term laparoscopic

surgery, prolonged laparoscopic surgery causes decreased

fibrinolytic activity in the peritoneum due to decreased tPA

levels.

Another factor affecting peritoneal fibrinolysis is

decreased abdominal temperature. In a study comparing

patients undergoing surgery with CO2 at room temperature

and those who had surgery with CO2 at body temperature

showed significantly increased PAI-1 levels in the first

group. These observations suggest a possible adverse effect

from cooling of the abdominal cavity on peritoneal fibri-

nolysis [73].

To date, few human studies have compared open and

laparoscopic procedures. Bergström et al. [74] found an

initial rise in peritoneal PAI-1 concentration during lapa-

roscopy, which suggests an adverse effect of CO2 insuf-

flation. At the end of the cholecystectomy, however, there

was no difference between groups. Neudecker [75] found

decreased tPA activity levels after both conventional and

laparoscopic colonic resection. In their study, unfortu-

nately, all the patients underwent an initial laparoscopy
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before randomization, which may have affected their

results. A similar study [76] showed that after mobilization

of the hemicolon, peritoneal levels of tPA antigen and

activity were significantly higher in the laparoscopic group

due to a decrease in the conventional group. At the end of

the procedure, the concentrations of tPA antigen and

activity significantly decreased in the laparoscopic group to

levels comparable with those in the conventional group. It

was concluded that both conventional and laparoscopic

surgery inflict a decrease in tPA antigen and its specific

activity. Peritoneal hypofibrinolysis appears to initiate

more rapidly during conventional surgery than during

laparoscopic surgery, which may reflect the minimal

invasive character of the latter.

Discussion

The current review shows that laparoscopic surgery has a

profound effect on both peritoneal integrity and its biology.

The immune system is altered and the plasmin system

inhibited. Moreover, laparoscopy induces peritoneal aci-

dosis, probably due to decreased local oxygen pressure.

Many of the available data have been derived from

experimental studies. It is unclear how these experimental

data can be translated clinically (Fig. 1).

The described changes may have been induced by var-

ious factors of laparoscopic surgery. Which effect is

induced by which component of laparoscopic surgery is not

obvious. First, the abdominal temperature may be impor-

tant. A decreased temperature has been shown to inhibit the

plasmin system and affect local cytokine concentrations.

Second, the intense illumination of the peritoneum may

affect the peritoneum, either directly or indirectly, by

causing local dissecation. Local TGF-b levels were affec-

ted by the intensity of light. Other components are intra-

abdominal pressure, duration of procedure, choice of

dissection devices, dissecation, and the insufflation gas.

Carbon dioxide, the most frequently used insufflation gas,

has been shown to affect the peritoneal morphology and to

cause local hypoxia, leading to acidosis. Moreover, CO2

affects the local inflammatory response and disturbs peri-

toneal fibrinolysis. Other gases, such as helium or air, do

not always induce similar effects. Additional studies are

needed to elucidate the individual effects of all the

described components.

The effects of laparoscopy on peritoneal integrity and

biology may have repercussions for the occurrence of

peritoneal metastasis. Although dissemination of tumor

cells to the peritoneum is not exceptional, mechanisms of

action have not been fully elucidated. Only when the

mesothelial cell layer has been breached may tumor cells

infiltrate and proliferate within the submesothelial con-

nective tissue matrix. The early bulging of mesothelial

cells during laparoscopic procedures may facilitate this

phenomenon. Some experimental studies have suggested a

prominent role of neutrophils in the occurrence of peritoneal

metastasis. Others have proposed that tumor-conditioned

media or exogenous inflammatory cytokines may induce

mesothelial retraction and disaggregation to gain access to

the submesothelial connective tissue.

The results from the current review show a remarkable

effect of laparoscopic surgery on peritoneal immunology

and inflammation. Adhesion molecules may play an

important role as well. Tumor cells have been shown to

adhere rapidly to the mesothelial cell layer and play a role for

the cell adhesion molecule CD44 and the integrins b1, a2,

a3, and a5 in mesothelial invasion [77]. Studies focusing on

the effects that laparoscopic surgery has on the expression of

these adhesion molecules are therefore indicated.

Postsurgical adhesion formation remains a major con-

cern because it may cause severe and life-threatening

complications such as small bowel obstruction. The eco-

nomic burden of adhesions is high [78]. Despite the

observations that the incidence of adhesions after laparo-

scopic surgery may be lower than after open surgery, efforts

to reduce their occurrence still appear to be indicated.

There is considerable evidence that the plasmin system

plays a key role in the pathophysiology of intraabdominal

adhesions. Clinical studies on the peritoneal fibrinolytic

response to conventional surgery using sequential biopsies

taken during the procedure have shown a progressive

peritoneal hypofibrinolysis. During laparoscopic proce-

dures, a prolonged period of surgery was needed before

tPA levels decreased, a finding in contrast to the situation

during open surgery, in which a rapid decline in tPA levels

has been shown in several studies. This might be due to a

less intensive or a different peritoneal trauma during lap-

aroscopic surgery, compared with open surgery. These

observations warrant further research focused on various

components of laparoscopic surgery and the peritoneal

healing process.

Laparoscopy

Peritoneal denudation

Influx of inflammatory 
cells

Decreased local 
oxygen pressure

Metabolic acidosis

Altered immune 
response

Reduced fibrinolysis

Production of 
growth factors

Peritoneal healing

Adhesion formation

Peritoneal metastasis

Pneumoperitoneum
Insufflation gass
Cooling
Pressure
Illumination
Dissecation

Fig. 1
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Laparoscopic procedures are regularly indicated for

various infectious diseases such as perforated appendicitis

and diverticulitis. Laparoscopic peritoneal lavage is fre-

quently performed under these circumstances. Animal

studies have suggested that microbial adherence to the

peritoneum is high, which may negatively affect the results

of the lavage. Whether the effects of laparoscopic surgery

on peritoneal biology affect this microbial adherence either

positively or negatively compared with open lavage

remains to be investigated. This may be clinically impor-

tant because lavage-resistant bacteria may be a source of

persistent infection and may cause, through translocation,

septic complications.

In conclusion, the results of the current review show that

laparoscopic surgery affects the integrity of the peritoneum

and its biologic activity. Information about separate com-

ponents of laparoscopic surgery and their specific effects

remains to be elucidated.
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