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Can preconditioning reduce laparoscopy-induced tissue injury?
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Abstract

Background: Pneumoperitoneum (P) created to facilitate
laparoscopy (L) is associated with splanchnic perfusion,
ischemia/reperfusion (I/R) injury, and oxidative stress.
In this randomized controlled experimental study with
blind outcome assessment, we evaluated the effect of
preconditioning (PRE) on L-induced I/R injury.
Methods: The subjects were 40 Sprague-Dawley male
rats. P was created in all except controls, using car-
bondioxide (CO,) insufflation under a pressure of 15
mmHg. PRE consisted of 10 min of P, followed by 10
min of deflation (D). The rats were randomized to the
following groups: Group P was subjected to 60 min of P.
Group P/D was subjected to 60 min of P, followed by 45
min of D. Group PRE/P was subjected to PRE, fol-
lowed by 60 min of P. Group PRE/P/D was subjected to
PRE, followed by 60 min of P and 45 min of D. Group
C (control) was subjected to a sham operation, without
P. Its anesthesia time was equal to that for group PRE/
P/D. At the end of the experiments, the rats were killed;
blood, liver, and kidney samples were then obtained and
coded. Plasma alanine aminotransferase (ALT) and
malondialdehyde (MDA), as well as homogenized tissue
MDA levels and glutathione (GSH) activities, were
measured; tissue samples were assessed for histopatho-
logical evidence of injury; all assessments were done by
investigators blinded to the study design. The results
were decoded and analyzed statistically with the Krus-
kal-Wallis and Mann Whitney tests. A p < 0.05 was
considered significant.

Results: Plasma ALT as well as plasma, liver, and kid-
ney MDA levels and liver and kidney injury scores were
increased, whereas liver and kidney GSH values were
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decreased in groups P and P/D, as compared to group
C. Rats subjected to PRE before P had plasma ALT,
kidney MDA, and kidney and liver GSH levels com-
parable to controls; their kidney and liver injury scores
were higher than controls but significantly lower than
nonpreconditioned animals. PRE enabled decreased
plasma, kidney, and liver MDA as well as increased
kidney GSH if applied before P; its efficacy on oxidative
stress was limited to providing decreased kidney MDA
and increased kidney GSH if applied before P/D.
However, PRE significantly attenuated kidney and liver
injury after P as well as P/D.

Conclusion: PRE consisting of 10 min of P followed by
10 min of D decreases the oxidative stress induced by
sustained P in the plasma, liver, and kidney. PRE sig-
nificantly limits liver and kidney injury after prolonged
P and P/D. After further studies to define its ideal tim-
ing, PRE before L incorporating P may have clinical
relevance, especially for elderly patients or those with
impaired hepatic and/or renal function or perfusion.

Key words: Ischemia — Laparoscopy — Pneumoperi-
toneum — Preconditioning — Reperfusion

Pneumoperitoneum (P) is often used to facilitate the
realization of laparoscopy (L). The most common
method of creating surgical P is the insufflation of car-
bon dioxide (CO,). However, L-related adverse func-
tional and structural alterations have been noted in
many organs and associated with the increased systemic
CO; load and intraabdominal pressure (IAP) that oc-
curs during P [19, 24, 26].

Splanchnic organs have been recognized as being
particularly vulnerable to the deleterious effects of P,
owing to significant local as well as systemic hemody-
namic changes [6, 12, 19, 21, 24]. Gas insufflation during
P is associated with significant ischemia of splanchnic
organs [6, 19, 24], followed by their sometimes para-
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doxically increased [6] reperfusion injury after deflation
(D). Thus, P followed by D comprises the sequential
stages of ischemia/reperfusion, respectively (I/R). It
follows that L incorporating P has the potential to cause
I/R injury, which is currently viewed as the most likely
mechanism by which hypoxia damages cells and tissues
[13].

Augmented production of reactive oxygen and ni-
trogen species and of other related and hazardous
compounds not only during ischemia but also during
reperfusion are considered to be crucial elements in the
development of I/R-injury [13].

The liver and kidneys are among the splanchnic or-
gans most severely affected by L incorporating P [6, 12,
21, 23, 24]. Indeed, P can depress the dual supply of liver
perfusion, with loss of the buffering response of hepatic
arterial flow to impaired portal venous flow seen in
other settings of portal ischemia [21]. Impairment of
liver perfusion secondary to L can have important
clinical consequences, as implied by the increased blood
levels of liver enzymes noted in animals [23] and humans
[3] and by the spectrum of structural alterations, in-
cluding liver necrosis, documented in animals after
prolonged P [23].

The kidneys are also prone to impaired perfusion
and I/R injury when exposed to P [24]; complications
can include necrosis and failure [12, 23].

Oxidative stress represents loss of the normal bal-
ance between the oxidants and antioxidants of the body
[27]; it is not only an indicator of, but also a contributor
to, the development of organ damage, including that of
the liver [14, 25] and kidney [10, 28]. Despite its potential
to promote I/R injury, data consistent in showing that L
incorporating P is accompanied by tissue oxidative
stress remain very limited. P-associated oxidative stress
in splanchnic organs was described initially by Elefthe-
riadis et al. [7] as relevant changes in the liver, spleen,
and intestines of rats; we reported further evidence of
intestinal oxidative stress [30] and were the first to
demonstrate renal oxidative stress complicating P [1].
Glantzounis et al. [8] reported changes in the serum
markers of oxidative stress following laparoscopic cho-
lecystectomy in humans, thereby showing that the P-
associated I/R injury of splanchnic organs could have
systemic effects.

Increasing recognition of the adverse effects of P, has
led to a search for alternative approaches, such as gas-
less L. However, since P facilitates better visualization
and manipulation during L, a safer method of applying
it would have clinical value.

Ischemic preconditioning (PRE) is an injury-limiting
mechanism initially described as the attenuation of
cardiac damage due to a severe I/R insult by previous
short I/R cycles [16]. The liver [20] and kidney [5, 17]
have also been shown to benefit from PRE prior to
mechanical interruption of their circulation. Arguing
that a PRE approach could also help to limit L-related
I/R injury, we recently showed, for the first time, that a
system comprising brief and sequential periods of P
followed by D was effective in decreasing oxidative
stress in the intestines of rats exposed to P [30]. This
randomized, controlled, experimental study with blind

Table 1. Details of the histopathological grading system used to eval-
uate kidney and tissue samples

Score Description

1 No abnormality

2 Mild lesions affecting 10% of high-power fields examined
3 Lesions affecting 25% of high-power fields examined

4 Lesions affecting 50% of high-power fields examined

5 Lesions affecting >75% of high-power fields examined

From Hauet et al. [9]

outcome assessment was designed to investigate whether
short-term P followed by D could also serve as a pro-
tective PRE mechanism against L-associated adverse
changes in the liver and kidneys. We also evaluated
whether there were any changes in organ function and/
or structure after P, with or without PRE, that were
related to a possible modification of P-associated I/R
injury by PRE, blood, and tissue markers of oxidative
stress.

Materials and methods

The study protocol was designed in accordance with the 1996 revised
edition of The Guide for the Care and Use of Laboratory Animals
published by the US National Institutes of Health and approved by
the university ethical committee. All of the procedures and experi-
ments were performed in rats while they were under the effect of
anesthesia.

After overnight fasting with free access to tap water, 40 male, 4-
month-old Sprague-Dawley rats weighing 280 + 15 g were anesthe-
tized with an intraperitoneal injection of pentobarbital (50 mg per kg
body weight). A l-cm-long midline laparotomy incision was made
below the umbilicus and a catheter was placed into the peritoneum as
the vehicle of P, which was created in all animals except controls. P was
obtained by connecting the other side of the tube to a CO, insufflator
(model no. 3-315-00, Nortech, Elgin, IL, USA). The pressure of the
CO, insufflator was fixed at 15 mmHg. The system used to obtain P
enabled simultaneous CO, insufflation into multiple rats under the
same pressure. Prior to insufflation, the incision was closed with a tight
purse-string suture to prevent leakage.

For the purpose of this study, PRE was defined as 10 min of P
followed immediately by 10 min of D. The rats were randomly as-
signed to one of the following groups (n = 8 for each): Group P was
subjected to 60 min of P. Group P/D was subjected to 60 min of P,
followed by 45 min of D. Group PRE/P was subjected to PRE, fol-
lowed by 60 min of P. Group PRE/P/D was subjected to PRE, fol-
lowed by 60 min of P and then 45 min of D. Group C (control) was
subjected to a sham operation, without P. The anesthesia duration of
group C was equal to that of group PRE/P/D (125 min).

On completion of the experiments, laparotomy incisions were
opened and extended; P catheters were removed and the kidneys and
livers of the rats were removed. Their blood samples were taken by
intraaortic cannulation. They were then killed with an intracardiac
potassium injection.

One-half of each kidney and one lobe of each liver was washed
with ice-cold lactated Ringer’s solution and stored at —20°C until
analysis. At that time, it was initially homogenized (Ultra Turrax
Homogenizer, T18 Basic; IKA, Wilmington, NC, USA) in 0.1 M
ice-cold phosphate buffer with a pH of 7.4 and then centrifuged at
10000 rpm and +4°C for 10 min. Finally, its supernatant was removed
to measure tissue markers of oxidative stress. The other kidney halves
and liver lobe were immersed in 10% formaldehyde for later histo-
pathological examination. Each tissue sample was assigned a code
number by the principal investigator and referred to the biochemists
and pathologist participating in the study, who were blinded to the
differences between specific groups and animals. All results were re-
ported under then respective sample code numbers.
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Table 2. Biochemical analysis results of the groups (n = 8 in each)

Plasma Plasma Kidney Liver Kidney Liver

ALT MDA MDA MDA GSH GSH
GROUP (U/L) (umol/L) (nmol/mg protien) (nmol/mg protien) (pmol/mg protien) (nmol/mg protien)
P 88.00 + 6.02 5.30 + 0.41 7523 + 1.34 57.20 + 3.01 303.75 £ 14.21 213.87 + 6.41
P/D 83.62 + 6.39 4.11 £ 043 77.90 + 1.29 53.11 £ 1.47 315.00 £ 13.00 214.62 + 15.96
PRE/P 68.25 + 4.76 3.20 £ 0.16 61.09 + 2.20 46.61 + 1.53 386.37 £ 7.37 242.00 £+ 9.50
PRE/P/D 75.12 + 4.54 3.81 + 0.15 62.42 + 1.16 50.03 £+ 1.35 415.62 + 11.93 243.25 + 6.39
Control 58.00 = 7.07 2.66 = 0.30 61.07 + 1.58 37.67 £ 2.09 401.25 + 6.96 257.25 + 20.51

ALT, alanine aminotransferase; MDA, malondialdehyde; GSH, glu-
tathione; P, pneumoperitoneum; P/D, pneumoperitoneum followed
bydeflation; PRE/P, preconditioning followed by pneumoperitoneum;
PRE/P/D, preconditioning followed by pneumoperitoneum and de-
flation. Plasma ALT: p = 0.001 for P vs C, p = 0.017 for P/D vs C;

and GSH: p = 0.007 for P vs C and for P/D vs C, p = 0.001 for P vs
PRE/P and for P/D vs PRE/P/D; Liver MDA: p = 0.007 for P vs C
and for P/D vs C, p = 0.007 for PRE/P vs C and for PRE/P/D vs C,
p = 0.012 for P vs PRE/P; Liver GSH: p = 0.006 for P vs C and
p = 0.008 for P/D vs C; p values close to statistical relevance for P vs

PRE/P (0.052) and for P/D vs cPRE/P/D (0.059). All other relevant

Plasma MDA: p = 0.011 for P vs C, p = 0.027 for P/D vs C,
comparisons between groups had nonsignificant p values

p = 0.017 for PRE/P/D vs C, p = 0.03 for P vs PRE/P; Kidney MDA

Table 3. Histopathological results of the groups (n = 8 in each)

Kidney injury score Liver injury score

Group Mean + SEM Pt Mean = SEM Pt
Control 5.75 £ 0.47 - 6.75 + 0.47 -
P 12.0 + 0.53° 0.006 10.25 + 0.45¢ 0.006
P/D 11.6 £ 0.32¢ 0.005 9.62 + 0.37° 0.005
PRE/P 10.5 +£ 0.26 0.005 9.12 +£ 0.29 0.005
PRE/P/D 10.25 + 0.16 0.004 8.87 + 0.12 0.009

P, pneumoperitoneum; P/D, pneumoperitoneum followed by deflation; PRE/P, preconditioning followed by pneumoperitoneum; PRE/P/D,

preconditioning followed by pneumoperitoneum and deflation
% Comparisons with the control group

p = 0.037 for P vs PRE/P

p = 0.005 for P/D vs PRE/P/D, with respect to kidney injury
p = 0.04 for P vs PRE/p

P

6o a 6 o

Biochemical analysis

Blood and tissue samples were used for biochemical analysis. After
procurement, blood samples were centrifuged at 3000 rpm and +4°C
for 10 min to allow separation of plasma, which was removed and kept
at —20°C until analysis. Alanine aminotransferase (ALT) levels were
determined in plasma samples with an autoanalyzer (Hitachi auto-
matic analyzer 911; Hitachi, Mannheim, Germany). Plasma malondi-
aldehyde (MDA) was measured as an indicator of lipid oxidation,
using the thiobarbituric acid method of Ohkawa et al. [18].

Two markers of oxidative stress were measured in supernatants of
homogenized liver and kidney tissue samples. MDA was measured to
assess the degree of tissue lipid oxidation [18]. Reduced glutathione
(GSH) levels were measured as an indicator of tissue antioxidant ca-
pacity using the method of Beutler et al. [4]. MDA levels were ex-
pressed as nmol/mg protein. GSH levels were expressed as pmol/mg
protein for kidney tissue and nmol/mg protein for liver tissue.

Histopathological analysis

Liver and kidney samples preserved in 10% formaldehyde were em-
bedded in paraffin, cut into 3-um-thick sections, and stained with
hematoxylin-eosin. The section of each sample with the largest surface
area was selected and analyzed by the pathologist. Ten high-power
fields (hpf) of each section were examined via light microscopy for
tissue injury using the semiquantitative scale described by Hauet et al.
[9] (Table 1). Parameters evaluated in kidney samples were proximal
tubular cell vacuolization, tubular dilatation, congestion, interstitial
mononuclear inflammatory cell infiltration, and interstitial edema.

= 0.045 for P/D vs PRE/P/D, with respect to liver injury. With regard to kidney and liver injury, p > 0.05 for P vs P/D

Each parameter was graded with a score between 1 to 5 according to its
severity and frequency in 10 hpf of the kidney section selected; this was
followed by the calculation of the sum of scores assigned to all five
parameters, with the possibility of a maximum total score of 25. The
same approach was used to assess liver samples. Parameters evaluated
in liver sections were single cell necrosis, cellular edema, congestion,
focal hemorrhage, and portal and sinusoidal mononuclear inflamma-
tory cell infiltration.

Statistical analysis

The results were decoded after being reported and expressed as the
mean + standard error of the mean (SEM). Statistical analysis of the
data was done with the Kruskal-Wallis and Mann—Whitney U tests. A
p value of <0.05 was considered significant.

Results

The results are summarized in Tables 2 and 3 and pre-
sented graphically in Figs. 1-3. Plasma ALT levels were
significantly increased in the P and P/D groups com-
pared to the control group (88.00 £ 6.02 and
83.62 + 6.39 wvs 58.00 £ 7.07 U/L, respectively;
p = 0.001 for P vs C and p = 0.017 for P/D vs C).
Plasma MDA levels were also significantly increased in
the P and P/D groups compared to the control group
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(5.30 £ 0.41 and 4.11 £ 0.43 vs 2.66 £ 0.30 pumol/L,
respectively; p = 0.011 for P vs C and p = 0.027 for P/
D vs C). Kidney MDA values were higher in the P and
P/D groups than the control group (75.23 + 1.34 and
7790 £ 1.29 vs 61.07 £ 1.58 nmol/mg protein, re-
spectively; p = 0.007 for P vs C and for P/D vs C).
Liver MDA values were also higher in the P and P/D
groups than the control group (57.20 + 3.01 and
53.11 £ 1.47 vs 37.67 £ 2.09 nmol/mg protein, re-
spectively; p = 0.007 for P vs C and for P/D vs C).
Kidney and liver GSH were decreased, whereas kidney
and liver injury scores were increased in the P and P/D
groups compared to the control group; all differences
had statistical relevance (p = 0.007 for P vs C and for
P/D vs C with respect to kidney GSH; p = 0.006 for P
vs C and p = 0.008 for P/D vs C with respect to liver
GSH; p = 0.006 for P vs C and p = 0.005 for P/D vs C
with respect to both injury scores). = 8 in each) = 8 in each)

No statistically relevant difference was found be-
tween the P and P/D groups.

The PRE/P and PRE/P/D groups had results similar
to those of the control group, with the exception of in-
creased plasma MDA in group PRE/P/D (p = 0.017 vs
C); liver MDA increased in both groups (»p = 0.007 for
PRE/P vs C and for PRE/P/D vs C) and both had
higher kidney and liver injury scores (p = 0.005 for
PRE/P vs C and p = 0.004 for PRE/P/D vs C, in re-
lation to both scores).

As compared to group P, group PRE/P had de-
creased plasma (p = 0.03), kidney (p = 0.001), and

as kidney GSH, p = 0.007 for P vs C and for P/D
vs C; p = 0.001 for P vs PRE/P and for P/D vs
PRE/P/D; p > 0.05 for all other relevant com-
parisons.

liver (p = 0.012) MDA; it also had increased kidney
GSH (p = 0.001) and decreased kidney and liver injury
(p = 0.037 and p = 0.04, respectively). Liver GSH was
also increased in group PRE/P, in contrast to group P;
the difference approached but did not reach statistical
value (p = 0.052). No significant difference was seen
between the plasma ALT of groups P and PRE/P.

In comparison to group P/D, group PRE/P/D had
decreased kidney MDA (p = 0.001) and increased kid-
ney GSH (p = 0.001) levels; it also had lower scores for
kidney (p = 0.005) and liver (p = 0.045) injury.

Histopathological evidence of moderate degree liver
and kidney injury was found in all study groups as
compared to the control group, but groups PRE/P and
PRE/P/D had the least severe lesions. In contrast,
groups P and P/D had the most impressing evidence of
organ injury, with severe tubular vacuolization and di-
latation, congestion, and interstitial inflammatory cell
infiltration in their kidneys accompanied by particularly
prominent cellular necrosis, edema, and mononuclear
cell infiltration in their livers. PRE resulted in lower
kidney and liver injury scores than P without PRE.

Discussion

P is often used during L, but it has serious disadvan-
tages, including its ischemic potential. On the other
hand, D of P is associated with organ reperfusion. In
effect, P/D amounts to I/R, and L carries the risk of
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being complicated by I/R injury of affected organs.
Evidence of oxidative stress can be used to assess the
degree of I/R injury after L. However, the true weight of
oxidative stress resides in the fact that it is not only an
indicator of ischemic damage in the liver [25] and kidney
[28], but also a causal factor in their chronic and pro-
gressive functional and structural deterioration within
the context of a wide spectrum of diseases [10, 14]. The
presence of oxidative stress in splanchnic organs after L
implies the possibility of continuing damage in organs
subjected to I/R injury during P/D. Eleftheriadis et al.
[7] were the first to document oxidative stress in the liver
following P. We were the first to show the presence of P-
related significant oxidative stress in renal tissue, inde-
pendent from and additive to the effect of warm ischemia
in a rat model of laparoscopic donor nephrectomy [1].
Notwithstanding these findings and despite the de-
velopment of alternative approaches, P does make organ
manipulation easier for the surgeon. Therefore, a
method that curtailed its risk would be valuable. Indeed,
increasing recognition of the adverse effects of P on
splanchnic organ perfusion led Richter et al. [21] to
suggest that “‘a selective setting, including low-pressure
pneumoperitoneum with intermittent deflation at dis-
tinct time points may be recommended for safe laparo-
scopic interventions in critically ill patients.” Our recent
study [30] and current data show that D of P, not in an
intermittent manner but as a PRE approach, can protect
against I/R injury related to L, similar to the beneficial
effects of PRE mechanisms in other I/R injury models.
Ischemic PRE was initially described in relation to
the heart as an endogenous protective mechanism by
which short periods of I/R cycles attenuate the organ
injury secondary to a subsequent and more severe I/R
insult [16]. Shortly thereafter, the liver [20] and kidney
[5, 17] were also shown to benefit from PRE prior to
mechanical interruption of their circulation. Inspired by
the positive results of PRE in other models of I/R injury,
we recently reported the results of the first study con-
cerning the effect of PRE on P-induced tissue injury [30].
By demonstrating the protective effect of a short period
of P followed by a similar period of D against I/R injury
in the intestines of rats exposed to P [30], we were able to

Control

but p values close to statistical relevance for P vs
PRE/P (0.052) and for P/D vs PRE/P/D (0.059).

*

define a PRE system relevant to L for the first time. The
same PRE system was utilized in this study, in which we
observed that PRE consisting of 10 min of P followed by
10 min of D is effective in attenuating P-induced oxi-
dative stress in the plasma, kidney, and liver, as indi-
cated by the decreased plasma, kidney, and liver MDA
and the increased kidney GSH values of rats exposed to
P after PRE as compared to those exposed to P without
PRE. Rats exposed to P/D after PRE also had lower
kidney MDA and higher kidney GSH than those ex-
posed directly to P/D.

MDA arises from the breakdown of lipid peroxyl
radicals and oxidizes protein molecules [18]; thus, it is a
result as well as a cause of oxidative stress, while GSH is
an important antioxidant [15].

Consistent with the place of oxidative stress as a
marker and contributory factor in organ injury, our
current data demonstrates attenuated oxidative stress,
as well as injury to the kidney and liver, when PRE is
employed before P or P/D.

The differences between the oxidative stress markers
of groups P and P/D compared to groups PRE/P and
PRE/P/D suggest the possibility that PRE may be less
protective after P/D as opposed to its impressive efficacy
after P. This can be explained by the unfavorable effect
of prolonged D itself, as a cause of reperfusion [6] in-
jury. Indeed, group PRE/P/D had higher plasma ALT
and plasma, kidney, and liver MDA levels than group
PRE/P; although the differences were not of sufficient
magnitude to reach statistical relevance, they can be
interpreted as reflecting aggravated systemic and tissue
oxidative stress after prolonged cycles of P followed by
prolonged D and relative resistance to PRE secondary
to prolonged D. Furthermore, we did not observe any
decrease in kidney and liver injury in group P/D as
compared to group P. Our data indicate that the effects
of prolonged D may be even more deleterious to the
liver. Taking into consideration the study of Islam et al.
[11], who showed that four repeated 15-min I/R cycles of
renal artery clamping/release had no protective effect on
later renal ischemia, recurrent periods of D alternating
with periods of P throughout L procedures, as recom-
mended by Richter et al. [21], are probably best avoided.
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The PRE/P and PRE/P/D groups had results similar
to those of the control group, with the exception of in-
creased plasma MDA in group PRE/P/D as well as in-
creased liver MDA, kidney, and liver injury scores in
both PRE groups. However, since both PRE groups had
significantly lower kidney and liver injury scores than
the non-preconditioned groups, PRE proved effective in
limiting kidney and liver injury secondary to P or P/D.

P-induced splanchnic ischemia and related adverse
alterations in splanchnic organs may have particular
relevance for elderly patients whose organs often have
limited functional capacity. Moreover, elderly patients
suffer increased hepatic ischemia after L [22] and renal
antioxidant activity decreases with aging [2].

We conclude that a PRE approach may exert a ben-
eficial effect prior to L incorporating P, particularly for
elderly patients and/or those with existing impairment of
hepatic and/or renal function or perfusion, especially if
their operations last for extended periods. However, our
experimental protocol of PRE is too lengthy to be rec-
ommended for direct use in humans. We are currently in
the process of refining it through studies focused on the
ideal time required for an optimum PRE effect. Despite
pharmaceutical approaches that simulate its action, is-
chemic PRE has still not found a definite place in clinical
practice, even with respect to its original site of discovery,
the heart [29]. We agree with Yellon and Dana that more
work on its adaptation to clinical settings is required for
PRE to become anything more than a tool for the sci-
entist [29]. At present, avoiding long and repeated peri-
ods of P as well as D and initiating L with very short
sequences of P/D before the definitive P period should be
considered for the elderly and other patients with in-
creased risk of kidney or liver dysfunction.
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