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Background: There have been several reports of ischaemic complications after routine laparoscopy.
The aim of this review was to investigate the relationship between this oxidative stress and
pneumoperitoneum.
Methods: Medline, Medline in-process, The Cochrane Library, PubMed and EMBASE were searched for
papers on oxidative stress and pneumoperitoneum, from 1947 to March 2008 with no language restriction
or restriction on trial design. Papers that did not investigate pneumoperitoneum as a causative factor, or
did not report outcome measures related to oxidative stress, were excluded.
Results: A total of 73 relevant papers were identified: 36 animal studies, 21 human clinical trials,
nine case reports, five review articles and two comments. Pneumoperitoneum causes a reduction in
splanchnic blood flow, resulting in biochemical evidence of oxidative stress in a pressure- and time-
dependent manner. There is evidence that the use of carbon dioxide for insufflation is contributory.
Several measures proposed to minimize the oxidative stress have shown promise in animal studies, but
few have been evaluated in the clinical setting.
Conclusion: There is an increasing body of evidence, mainly from animal studies, that pneumoperi-
toneum decreases splanchnic perfusion with resulting oxidative stress. It is now appropriate to investigate
the clinical significance of pneumoperitoneum-associated oxidative stress.
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Introduction

Laparoscopy was first described in 1901 by Kelling1. In
1960 Kurst Semm, a German gynaecologist, developed
an automatic insufflator to establish pneumoperitoneum,
and in 1985 Erich Muhe reported the first success-
ful laparoscopic cholecystectomy2. Although laparoscopic
surgery is now commonplace3 and generally consid-
ered safe, there have been several reports of mesenteric
ischaemia and bowel infarction after routine laparo-
scopic procedures4–12. Most have occurred in patients
with evidence of preoperative cardiovascular, hepatic
or renal compromise6,9,10; however, there have also
been rare reports of complications in healthy young
patients7,8,11,12.

The Editors are satisfied that all authors have contributed significantly
to this publication

These findings have led to the hypothesis that abdominal
insufflation and the consequently raised intra-abdominal
pressure may produce significant organ ischaemia, followed
by reperfusion injury upon deflation of the abdomen13. One
of the main consequences of this ischaemia–reperfusion
is an imbalance between oxidants, such as reactive
oxygen species (ROS), and antioxidants14. This imbalance
is defined as oxidative stress, and may result from
enhanced ROS formation, or from the malfunction of the
scavenging systems. Several enzymatic antioxidant defence
systems have been described and characterized, including
the superoxide dismutases, catalases and a number of
glutathione peroxidases15. There are also endogenous and
exogenous compounds that act as antioxidants15. The
surplus ROS that result in oxidative stress can oxidize
macromolecular constituents of cells, such as membrane
phospholipids, proteins and DNA, causing cellular injury
and organ dysfunction16.
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Given the increasing complexity and length of laparo-
scopic procedures, organ ischaemia–reperfusion injury and
oxidative stress associated with pneumoperitoneum may
become a more significant problem. The aim of this review
was to answer four questions. What is the evidence for
a reduction in splanchnic blood flow during pneumoperi-
toneum? What is the nature of the oxidative stress that
ensues? What is the relationship between this oxidative
stress and insufflation pressure and nature of the gas used?
What measures have been shown to reduce the oxidative
stress associated with pneumoperitoneum?

Methods

Search

Medline, Medline in-process and other non-indexed
citations, The Cochrane Library, PubMed and EMBASE
1947+ were searched independently by two of the
authors (T.S., A.M.) for papers on oxidative stress and
pneumoperitoneum, using the search terms outlined in
Table 1. Papers spanning the years from 1947 (earliest
EMBASE records) to March 2008 were searched, with no
language restriction. Reference lists were then reviewed
and an online search of scientific meeting abstracts was
performed by a third author (A.K.) to identify further
papers. The results were pooled into a single database, and
duplicate entries removed.

Inclusion and exclusion criteria

All laboratory studies, clinical trials, reviews and comments
were identified. There was no restriction on study design,
with randomized controlled trials (RCTs), non-RCTs,
case–control studies, case series and case reports all
included. Exclusion criteria were any papers that did not
investigate pneumoperitoneum as a causative factor, or did
not report outcome measures related to oxidative stress,
specifically splanchnic blood flow, oxidant/antioxidant
marker levels, gastric/intestinal pH or histology scores.

These criteria were applied by two authors (T.S., A.M.)
and any disagreement was resolved by consultation with
the senior authors (A.R.J.P., J.A.W., A.G.H.).

Data analysis

All results were reviewed by one of the authors (T.S.), and
entered into data tables designed before data abstraction.
Data were reported only if stated in the text, tables, graphs
or figures of the articles, although a critical review of
the results is also presented. The data were grouped into
animal and human studies, and further categorized by
outcome measure. No meta-analyses were possible, and
study quality was not assessed owing to the heterogeneity
of study design and outcome measures.

Results

Five hundred and sixty-one papers were identified in the
initial database search (Fig. 1). Fifty-seven of these met the
search criteria, and a review of their reference lists and
meeting abstracts led to the identification of a further 16
papers. Thus, a total of 73 publications were retrieved for
review. Thirty-six of these were animal studies, 21 human
clinical trials, nine case reports, five review articles and two
comments.

Reduction in splanchnic venous and arterial blood
flow

Animal studies
Increased intra-abdominal pressure, from any cause, leads
to increased systemic vascular resistance and afterload, and
a decrease in cardiac output17. Early canine studies with
high insufflation pressures (20–40 mmHg) demonstrated
this, with an associated marked blood flow reduction in
all viscera, with the exception of the adrenal gland17,18.
In another canine model, within 30 min of establishing
pneumoperitoneum at a pressure of 16 mmHg a reduction

Table 1 Search terms used in different databases

Database Search terms

Medline and Medline in-process,
and other non-indexed citations

(Laparoscop$ OR Endoscop$ OR Coelioscop$ OR Celioscop$ OR Pneumoperitoneum) AND (ischaemi$ OR
ischemi$ OR precondition$ OR sequential OR oxida$).m_titl.

The Cochrane Library (Laparoscop* OR Endoscop* OR Coelioscop* OR Celioscop* OR Pneumoperitoneum) AND (ischaemi* OR
ischemi* OR precondition* OR sequential OR oxida*)

PubMed (Laparoscop* [Title] OR Endoscop* [Title] OR Coelioscop* [Title] OR Celioscop* [Title] OR
Pneumoperitoneum [Title]) AND (ischaemi* [Title] OR ischemi* [Title] OR precondition* [Title] OR sequen*
[Title] OR oxida* [Title])

EMBASE 1947+ (Laparoscop$ OR Endoscop$ OR Coelioscop$ OR Celioscop$ OR Pneumoperitoneum) AND (ischaemi$ OR
ischemi$ OR precondition$ OR sequential OR oxida$).m_titl.

Copyright  2009 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2009; 96: 836–850
Published by John Wiley & Sons Ltd



838 T. Sammour, A. Mittal, B. P. T. Loveday, A. Kahokehr, A. R. J. Phillips, J. A. Windsor and A. G. Hill

Potentially relevant papers identified
and screened for retrieval n = 561

Papers retrieved for more detailed
    evaluation n = 57

Papers excluded n = 504
Did not report measures of
oxidative stress in
pneumoperitoneum n = 504

Potentially appropriate papers to be
    included in review n = 73

Papers with usable information, by
    outcome n = 73

Papers identified
from reference lists

and included in
review n = 16

Papers withdrawn, by outcome
   n = 0

Fig. 1 QUOROM diagram

in blood flow of up to 30 per cent was seen in the
superior mesenteric artery and portal vein18,19. This
effect can be partially explained by the intra-abdominal
pressure exceeding the usual portal venous pressure of
7–10 mmHg14, but the reduction was also noted to be
gradual, progressive with time, and beyond that attributable
to the decrease in cardiac output alone20, suggesting
that autoregulatory vasoconstriction makes a significant
contribution21.

Splanchnic vasoconstriction (predominantly at the arte-
riolar level) is due to several different mechanisms. Vaso-
pressin, produced by a central nervous system pathway in
response to increased intra-abdominal pressure, constricts
renal, superior mesenteric and coeliac vasculature17,19,22,23.
Levels of renin and angiotensin (both potent vasoconstric-
tors) are increased in the renal vein after laparoscopy in
a rabbit model24. Furthermore, splanchnic vessels possess
a well developed intrinsic myogenic mechanism for local
control of vascular tone, and compression of the venous
outflow triggers this, causing vasoconstriction19.

The type of gas used can also influence the mesenteric
vascular response. Blobner and colleagues25 compared
abdominal insufflation in pigs with air and carbon dioxide
at sequentially increasing pressures using direct arterial
and venous measurements, and demonstrated a relative
mesenteric hyperperfusion in the carbon dioxide group at

lower insufflation pressures. The increase in mesenteric
artery and portal venous blood flow was, however, reversed
between 8 and 12 mmHg, corresponding to an increase
in mesenteric artery resistance and a reduction in cardiac
output and inferior vena cava flow. This suggests that
hyperaemic effects of carbon dioxide at lower pressures
are more than counteracted by the vascular compression
effects at 12 mmHg and above.

Human studies
Similar haemodynamic changes have been demonstrated in
human laparoscopy studies17,26–28. Insufflation pressure is
generally set at 12–15 mmHg, which raises the intra-
abdominal pressure above that of the normal portal
circulation pressure3. The reduction in cardiac output
and accompanying mesenteric vasoconstriction has been
reported to cause a significant reduction in organ perfusion
and reduced portal venous flow during routine laparoscopic
procedures such as cholecystectomy26–28. Although the
raised intra-abdominal pressure is contributory, it should
be noted that, in the clinical setting, cardiac output and
splanchnic perfusion changes are the result of a complex
interaction between anaesthesia, the surgical insult, patient
position and the nature of the gas used (see below)3,29. A
detailed description of the physiology of the laparoscopic
procedure is, however, beyond the scope of this article.

Oxidative stress associated
with pneumoperitoneum

Various animal13,30–37 and human38–48 studies have
investigated the ischaemia–reperfusion injury that occurs
as a result of pneumoperitoneum. These studies used a wide
range of outcome measures of oxidative stress, including
endogenous antioxidant levels, peroxidation markers,
derived gastric intramucosal pH, cytokine levels and
histological findings. A simplified schematic representation
of the rationale behind these measurements is presented
in Fig. 2. It should be noted at this point that the large
variation in oxidative stress measures weakens interstudy
comparisons. Furthermore, there is no consensus on which
peroxidation markers or methods of detection are most
valid15. However, measurements of lipid peroxidation
marker levels, specifically malondialdehyde (MDA) and F2-
isoprostanes, are generally regarded to be the most reliable
and reproducible markers in the clinical setting15,49,50.

Animal studies
There is clear evidence from animal studies that
pneumoperitoneum results directly in end-organ ischaemia
and injury. A recent study by Nickkholgh et al.13

demonstrated that pneumoperitoneum at 12 mmHg for
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Oxidant formation
(e.g. xanthine oxidase, oxygen free radicals)

Oxidative stress
(increased oxidant formation, decreased defence, or both)

Enzymatic defence and repair
SOD
Catalase
GPX
Oxidized/reduced glutathione

Antioxidants
Vitamins E and C
Carotenoids
Lipoic acid
Coenzyme Q
Uric acid
Tocopherol
Metal binding proteins

Lipid peroxidation
Malondialdehyde
TBARS/HPLC
F2-isoprostanes
4-Hydroxynonenal
Oxidized LDL and LDL
    autoantibodies

Protein oxidation
Protein carbonyls
Oxidized amino acids
AOPPs

Injury/inflammation
Histology scores
Biochemical markers

Liver function tests
Cytokines: IL-6, TNF-a, HETEs
Neopterin

Gastric mucosal pH calculation

DNA oxidation
8-OHdG
Fragmentation (comet assay)

− −

Fig. 2 Simplified diagram of oxidants versus endogenous antioxidants, and enzymatic defence and repair mechanisms (modified from
Grune and Berger15). Levels of these compounds can be measured, as can markers of injury that result from their imbalance (oxidative
stress). SOD, superoxide dismutase; GPX, glutathione peroxidase; TBARS, thiobarbituric acid-reactive substances; HPLC,
high-performance liquid chromatography; LDL, low-density lipoprotein; AOPP, plasma advanced oxidation protein product;
8-OHdG, 8-hydroxydesoxyguanosine; IL, interleukin; TNF, tumour necrosis factor; HETEs, hydroxyeicosatetranoic acids

90 min induced histological (in vivo light microscopy)
and biochemical (plasma liver function enzyme levels)
evidence of liver reperfusion injury in rats. A significant
increase in kidney markers of oxidative stress (MDA,
protein carbonyls) was also observed in a rat model of
laparoscopic donor nephrectomy compared with controls
that underwent a sham operation and were not subjected
to pneumoperitoneum30,31. Levels of these markers were
shown to rise in a time-dependent manner, with increased
protein carbonyls and decreased protein sulphydryls and
tissue superoxide dismutase activities after 240 min of
pneumoperitoneum compared with 120 min30. Increased
xanthine oxidase activity was observed in rabbit colonic
tissue after only 20 min of laparoscopic insufflation34.
Other studies have shown similar patterns of tissue
oxidative stress in open and retroperitoneoscopic donor
nephrectomy32.

Extra-abdominal organs also demonstrate oxidative
stress in the context of pneumoperitoneum, with signif-
icantly increased MDA levels in rat lungs at 2 and 6 h after
deflation35.

Human studies
Thirteen of the 37 human studies identified in the
search examined oxidative stress in patients undergoing
laparoscopic surgery; details of these are summarized in
Table 2.

Three randomized clinical trials39,41,48 and two
case–control studies43,44 compared plasma markers of lipid
peroxidation between laparoscopic and open cholecystec-
tomy, and found these to be raised in both groups but
significantly higher in open surgery (Table 2). The dif-
ference was demonstrable up to day 7 in one of the
case–control studies when plasma oxidized low-density
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lipoprotein autoantibodies and neopterin were utilized as
markers44. One non-randomized trial found a significantly
higher level of thiobarbituric acid-reactive substances in
laparoscopic versus open cholecystectomy; this was seen
only at 5 min postdeflation, with no significant difference
at 24 h40.

Studies conducted in China on women undergoing
laparoscopic and open enucleation of uterine myomas
demonstrated consistently higher levels of MDA and
advanced oxidation protein products, and lower levels of
glutathione peroxidase and antioxidant activity, immedi-
ately after laparoscopic surgery46,47. This picture reversed
at 24 h, with deterioration in patients having open surgery
at this time point, whereas levels in the laparoscopic group
had essentially normalized. Another gynaecological study,
which included both uterine myomas and ovarian cysts,
showed a greater increase in MDA levels in the open
group, but a higher level of isoprostanes and hydroxy
eicosatetranoic acids in the laparoscopic group38. The
authors hypothesized that the oxidative stress was occur-
ring through different pathways (thromboxane synthesis
with open surgery, and lipid peroxidation with laparo-
scopic surgery). However, the comparison was weakened
by the significant difference in baseline uterine pathology
between groups. Interestingly, the extent of the oxida-
tive stress in the laparoscopic group appeared to correlate
significantly with the volume of gas used, as well as the
duration of insufflation38.

Gastric mucosal pH has also been used as a measure of
tissue oxygenation in human studies52,53. This technique
assumes equilibrium across the superficial gastric mucosa
between the partial pressure of carbon dioxide (PCO2) in
the gut lumen and the bicarbonate concentration in the
blood. It is inherently limited by these assumptions, but
serves as an indirect measure of splanchnic perfusion54. In
1997, Windsor and co-workers45 published a preliminary
study showing that there was a measurable and continuous
reduction in gastric mucosal pH during laparoscopic
cholecystectomy. It is not known whether this reduction
is more pronounced compared with that for open
cholecystectomy. In an early study, Eleftheriadis and
colleagues26 performed a non-randomized comparison of
laparoscopic and open cholecystectomy using a single
intraoperative gastric mucosal pH measurement, and
demonstrated a significantly lower pH in the laparoscopic
group. However, this result has been challenged by a
larger randomized trial conducted by Ozmen et al.42 that
did not show a significant difference in gastric mucosal pH
between laparoscopic and open cholecystectomy when this
was measured at multiple points during and after surgery
(Table 2)55. In addition to study design, another possible

reason for the different outcomes of these two studies
is that Ozmen and colleagues excluded all patients with
significant co-morbidity and therefore the study patients
may have been better able to tolerate pneumoperitoneum
than the general patient population. Both studies used
similar insufflation pressures of approximately 12 mmHg.

The presented data suggest that pneumoperitoneum
causes oxidative stress, with significantly increased levels
of local and plasma markers in the laparoscopy groups in
most studies, even for relatively minor surgery. It is notable
that the increase in biochemical markers after laparoscopy
is not necessarily higher than for corresponding open
procedures. This is to be expected, however, given that
laparoscopy as a less invasive operative approach is known
to be associated with a lesser postsurgical systemic stress
response compared with open surgery56–58. The finding
that laparoscopic surgery is associated with oxidative stress
requires some explanation, and it is reasonable to ask
whether the raised intra-abdominal pressure alone might
be responsible, or whether other factors such as the nature
of the gas used for insufflation may also contribute.

Impact of insufflation pressure

Animal studies
Pneumoperitoneum applied in rats with pressure of 5,
10 or 15 mmHg resulted in an incremental increase in
the formation of free oxygen radicals in lung and liver
tissues59. Similar increases were seen in MDA levels in the
small intestine of rabbit subjected to pneumoperitoneum
at 0, 15 and 25 mmHg36, and in the kidneys of rats in
the laparoscopic donor nephrectomy model mentioned
above31. In the study by Nickkholgh and colleagues13,
histological and biochemical evidence of liver reperfusion
injury was demonstrable at 12 mmHg but not at 8 mmHg.
In a pig model, Windberger et al.60 observed a significantly
reduced portal venous flow and hepatic tissue pH
when pneumoperitoneum of 14 mmHg was performed,
compared with 7 mmHg, at 60 min postinsufflation.

Human studies
Laplace’s law describes the effect of pneumoperitoneum on
pressure across the abdominal wall (the higher the tension
on the abdominal wall, the higher the intra-abdominal
pressure for a given fixed radius at maximal abdominal
expansion)61. This pressure reduces peritoneal microcir-
culation during laparoscopy, in addition to the systemic
haemodynamic effect discussed above38,62. Schilling and
co-workers28 demonstrated that this reduction in organ
perfusion is pressure dependent by studying the effect
of different insufflation pressures in laparoscopic chole-
cystectomy using a laser Doppler flow probe to measure
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organ perfusion. Increasing pressure from 10 to 15 mmHg
significantly decreased the blood flow in the stomach
by 40 per cent, duodenum by 11 per cent, jejunum by
32 per cent, colon by 44 per cent, liver by 39 per cent
and the parietal peritoneum by 60 per cent. Splanchnic
blood flow also decreased significantly with operating
time at a constant intra-arterial pressure28. In addition,
there was a significant reduction in gastric mucosal pH in
patients undergoing laparoscopic cholecystectomy when an
insufflation pressure of 12–15 mmHg was used compared
with 4–8 mmHg45. Polat et al.51 showed a trend towards
increased oxidative markers when laparoscopic cholecys-
tectomy was performed in patients at 15 mmHg rather
than 10 mmHg, but this was statistically significant only
for carbonyl levels immediately after surgery (Table 2). It
is interesting to draw an analogy with abdominal compart-
ment syndrome, where the detrimental effects of increased
intra-abdominal pressure are frequently observed, usually
in surgical intensive care units. In this setting, intra-
abdominal hypertension is usually defined as an intra-
abdominal pressure of 12 mmHg or more63.

Impact of the nature of gas used

Type of gas
An ideal gas for establishing pneumoperitoneum is neutral
(so as not to support combustion), easily absorbed and
completely non-toxic to the peritoneal environment. The
most widely used gas, carbon dioxide, is not ideal,
but does have the advantage of being readily available,
quickly absorbed and excreted, inexpensive and non-
flammable64,65. When insufflated into the abdominal
cavity, carbon dioxide normally diffuses across the
peritoneum, and is carried by the circulation to the
lung, where it is expired59,66. However, adverse effects
have been associated with the increased systemic carbon
dioxide load manifested by recordable increases in arterial
PCO2 after laparoscopy18,19,48. This increased PCO2 results
in a reduced tissue pH67,68, causing vasoconstriction
and reducing mesenteric and hepatic blood flow18,19.
Furthermore, local acidity caused by the carbon dioxide
being converted to carbonic acid in the peritoneal fluid
results in microscopically visible histological damage to
the mesothelial ultrastructure, which is more pronounced
than when peritoneum is exposed to room air64,69–71.
There is also evidence that carbon dioxide directly blunts
peritoneal macrophage function in vivo72.

Non-reactive gases such as helium and argon have
been considered as alternatives. Yilmaz and colleagues14

showed a significantly greater increase in oxidative
stress markers when carbon dioxide was used compared

with helium for a given insufflation pressure in a rat
model. Helium pneumoperitoneum did not produce any
significant increase in MDA and carbonyl levels, even at
15 mmHg, compared with controls, but carbon dioxide
pneumoperitoneum caused a significant increase, even at
pressures as low as 10 mmHg14. Despite these apparent
advantages it is likely that carbon dioxide will remain the
preferred gas for pneumoperitoneum, largely owing to
concerns that non-absorbable gases might be at greater
risk of contributing to potentially fatal gas emboli and
pneumothoraces64,73.

Nitrous oxide was commonly used in the 1970s.
Although it may offer some advantages in terms of
patient tolerance64, its combustibility makes it unsafe
for use with electrocautery. Its use as an insufflation
agent has declined dramatically in parallel with the
increased use of electrocautery, and its relative effects
on pneumoperitoneum-associated oxidative stress have not
been studied.

Gas temperature and humidity
The gas used in laparoscopy is typically cold and dry, at
21°C and 0 per cent relative humidity74. Large volumes
of gas may be required for a single patient (up to
500 litres), owing to the imperfect seal of the laparoscopic
ports and peritoneal carbon dioxide absorption. The
effect of this cold, dry gas flow on the peritoneal
environment is significant74, with the desiccating and
cooling effect producing visible structural, morphological
and biochemical changes (increased cytokine response)
in the peritoneal mesothelial surface layer64,72,75,76.
This includes bulging of mesothelial cells, widening of
intercellular junctions and exposure of the basement
membrane underneath72.

Warming of the insufflated carbon dioxide is associated
with a reduced peritoneal cytokine response after
laparoscopic cholecystectomy in humans77, but, to the
authors’ knowledge, there have not been any animal
or human studies investigating whether this contributes
directly to oxidative stress during pneumoperitoneum.

Measures to reduce oxidative stress associated
with pneumoperitoneum

Practical measures
Routine laparoscopy is well tolerated in fit patients, but
the clinical significance of the oxidative stress caused by
pneumoperitoneum in those with significant co-morbidity
needs further investigation. Several authors have recom-
mended simple measures that might reduce its impact
in situations where physiological reserves are compro-
mised, such as in patients with significant co-morbidity,
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particularly those with cardiovascular compromise. In
order to reduce haemodynamic compromise, it is rec-
ommended that the lowest possible inflation pressure
is used, with insufflation started at a standard pressure
(12–15 mmHg) and then gradually lowered as much
as possible without compromising visibility (‘dial-down’
approach)78,79. Some have also advocated releasing gas
intermittently during the procedure19,80. Gasless surgery
using various abdominal wall lifting devices has also been
employed, although this may not provide uniform exposure
and increases operating time78,81. From a haemodynamic
point of view, the head-up position should be avoided,
as this reduces venous return29,82,83. Intravascular volume
expansion with intravenous fluids before commencement
of pneumoperitoneum can enhance renal perfusion and
reduce the extent of renal injury84. The evidence for this
is limited, however, and there are no guidelines on which
subset of patients would benefit most. Indeed, in cer-
tain patients with severe cardiovascular or renal function
compromise, volume expansion can be detrimental to end-
organ perfusion, as the extra fluid cannot be distributed or
excreted adequately. This has led to the concept of individ-
ually tailored fluid replacement, where the volume given
during surgery is goal directed (based on direct measures
of cardiac output)85,86. These protocols have been shown
to result in improved short-term postoperative outcomes,
although their relationship with oxidative stress has not
been investigated84,86.

A mechanical solution raised by Bickel involves using an
intermittent sequential pneumatic compression device to
improve venous return87. This device compresses the lower
limb veins, using two sleeves wrapped around the patient’s
legs from ankle to groin. This has been shown to reduce
venous stasis and deep venous thrombosis88–92, to improve
haemodynamic parameters during operation87,93,94 and to
reduce plasma levels of total lipid peroxides during the
reperfusion phase in laparoscopic cholecystectomy95,96.
Peroneal nerve compression has been reported as a rare
complication of this system of lower leg compression97,98.

Ischaemic preconditioning
Ischaemic preconditioning is a concept that has
been employed to avoid the harmful effects of
ischaemia–reperfusion injury in cardiac99, liver100,101 and
reconstructive surgery102. It consists of short cycles of
ischaemia–reperfusion, performed before the main insult.
These cycles can be followed by increased resistance to
exacerbated cellular reoxygenation injury103. This theory
has been tested in rats using various protocols of short peri-
ods of inflation and deflation upon establishment of pneu-
moperitoneum. The results consistently demonstrate a

reduction in oxidative stress as measured by various plasma
and tissue markers65,103–106. Furthermore, a reduction in
peritoneal and plasma cytokine levels, and an improve-
ment in small bowel, kidney and liver histological injury
scores, were seen in preconditioned animals compared
with those that were not preconditioned65,103–107. Cevri-
oglu et al.104 also included a low-pressure group in their
study (insufflated at 10 mmHg). Although this improved
oxidative stress compared with insufflation at 15 mmHg,
preconditioning (with 10 min of 15 mmHg followed by
deflation for 10 min) before the usual 15 mmHg of insuf-
flation resulted in significantly reduced levels of oxidative
stress markers compared with levels in the low-pressure
group. The authors concluded that preconditioning ‘can
be more effective than low-pressure pneumoperitoneum
in reducing the oxidative stress and inflammatory cytokine
response associated with laparoscopy’. Despite this suc-
cess in animals, no human studies on preconditioning in
pneumoperitoneum have been conducted to the authors’
knowledge, and preconditioning has not found a definite
place in clinical practice. This may be because experimental
protocols of preconditioning are conceived by some to be
too lengthy for practical use103,104.

Pharmacological agents
Various pharmacological agents have been tested to combat
oxidative stress, and some antioxidants and vasodilators
have been shown to be successful in animal models78,108,109.
Administration of dopamine and endothelin 1 antagonists
greatly improved the portal circulation in rats subjected
to carbon dioxide and helium insufflation, but oxidative
stress markers were not measured109. Pretreatment with
the calcium channel antagonist verapamil significantly
reduced oxidant levels and increased antioxidant levels in a
rabbit model of retroperitoneoscopy16. This was based on
previous studies of verapamil showing a reduction in renal
and hepatic ischaemia–reperfusion injury by acting on
calcium influx, although a specific molecular interaction
between calcium channel antagonists and ROS was not
evident110,111.

Erythropoietin is a hypoxia-inducible growth factor
expressed mainly in the kidney. It has multiple protective
effects against oxidants and apoptosis106. Administration
of erythropoietin in a rat model at a dose of 1000
units/kg before laparoscopy significantly decreased plasma
MDA levels compared with those in controls106. Similarly,
melatonin (10 mg/kg) administered 5 min before insuf-
flation and immediately before desufflation in a rat model
significantly reduced mean MDA levels in liver, small intes-
tine and kidney, and improved small bowel histological
parameters112.
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Other endogenous antioxidants, such as tocopherol, glu-
tathione and superoxide dismutase, and various synthetic
antioxidant drugs, such as xanthine oxidase inhibitors21,
provide possible avenues to minimize tissue injury in
laparoscopic surgery, and also in open surgery59. Clini-
cal trials are needed before these can be accepted into
general use.

Conclusion

This review has examined the relationship between
pneumoperitoneum and oxidative stress. It is clear that
pneumoperitoneum causes a reduction in splanchnic
blood flow as a result of both systemic and local
effects, in a pressure- and time-dependent manner,
resulting in biochemical evidence of oxidative stress and
histological evidence of tissue injury. It is important to
note that corresponding open abdominal procedures are
also associated with a similar oxidative stress response,
indicating that this phenomenon is not simply due
to increased intra-abdominal pressure. There is some
evidence that the use of carbon dioxide as the insufflation
gas may be contributory, although the impact of other
factors such as the temperature and humidity of the gas
have not been elucidated.

A number of measures have been proposed to reduce
oxidative stress caused by pneumoperitoneum; although
some of these measures have shown promise in animal
studies, few have been evaluated in the clinical setting. It
is now appropriate to investigate the clinical significance
of pneumoperitoneum-associated oxidative stress and the
impact of its reduction on defined clinical endpoints in
laparoscopic surgery, particularly in patients with multiple
co-morbidities.
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91 Schwenk W, Böhm B, Fügener A, Müller JM. Intermittent
pneumatic sequential compression (ISC) of the lower
extremities prevents venous stasis during laparoscopic
cholecystectomy. A prospective randomized study. Surg
Endosc 1998; 12: 7–11.

92 Nicolaides AN, Miles C, Hoare M, Jury P, Helmis E,
Venniker R. Intermittent sequential pneumatic compression
of the legs and thromboembolism-deterrent stockings in the
prevention of postoperative deep venous thrombosis.
Surgery 1983; 94: 21–25.

93 Schwenk W, Haase O, Junghans T. Perspectives in
sequential pneumatic compression of the lower extremities
(SCD) for laparoscopic surgery. Acta Chir Belg 2002; 102:
83–91.

94 Kurukahvecioglu O, Sare M, Karamercan A, Gunaydin B,
Anadol Z, Tezel E. Intermittent pneumatic sequential
compression of the lower extremities restores the cerebral
oxygen saturation during laparoscopic cholecystectomy.
Surg Endosc 2008; 22: 907–911.

95 Bickel A, Drobot A, Aviram M, Eitan A. Validation and
reduction of the oxidative stress following laparoscopic

operations: a prospective randomized controlled study. Ann
Surg 2007; 246: 31–35.

96 Bickel A, Yahalom M, Roguin N, Ivry S, Breslava J,
Frankel R et al. Improving the adverse changes in cardiac
autonomic nervous control during laparoscopic surgery,
using an intermittent sequential pneumatic compression
device. Am J Surg 2004; 187: 124–127.

97 Cisek LJ, Walsh PC. Thromboembolic complications
following radical retropubic prostatectomy. Influence of
external sequential pneumatic compression devices. Urology
1993; 42: 406–408.

98 McGrory BJ, Burke DW. Peroneal nerve palsy following
intermittent sequential pneumatic compression. Orthopedics
2000; 23: 1103–1105.

99 Eisen A, Fisman EZ, Rubenfire M, Freimark D,
McKechnie R, Tenenbaum A et al. Ischemic
preconditioning: nearly two decades of research. A
comprehensive review. Atherosclerosis 2004; 172: 201–210.

100 Koti RS, Seifalian AM, Davidson BR. Protection of the liver
by ischemic preconditioning: a review of mechanisms and
clinical applications. Dig Surg 2003; 20: 383–396.

101 Peralta C, Prats N, Xaus C, Gelpı́ E, Roselló-Catafau J.
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