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ABSTRACT

Purpose: To evaluate the effects of increased intraperitoneal pressure caused by carbon dioxide pneumoperitoneum on the hepatic
and renal morphology of rats. Methods: Fifty-four adult male rats were randomly divided into three groups (P, PP and C) after
anesthesia: P — in 18 animals, pneumoperitoneum was established for 30 minutes immediately before laparotomy; PP — in 18 animals,
pneumoperitoneum was established for 60 minutes divided into 30 immediately before laparotomy and 30 after abdominal closure;
control group (C) - 18 animals underwent laparotomy without pneumoperitoneum induction. The pneumoperitoneum was maintained at
a pressure of 5 mm Hg. Nine animals in each group were killed on the 3™ and 7" postoperative days, when kidney and liver samples were
collected for morphological analysis. The liver specimens were stained with hematoxylin and eosin (HE), and the kidney specimens,
with HE and von Kossa. Blinded examiners analyzed the slides. Results: No changes in renal morphology were found. Liver samples
showed histological signs of degeneration in animals in the pneumoperitoneum groups killed on the 7" postoperative day (p=0.029).
Conclusion: The CO, pneumoperitoneum did not affect renal morphology but caused hydropic degeneration in the liver of animals
killed on the 7" postoperative day.

Key words: Kidney. Liver. Pneumoperitoneum, Artificial. Carbon Dioxide. Laparoscopy. Rats.

RESUMO

Objetivo: Avaliar os efeitos do aumento de pressdo intraperitonial causada pelo pneumoperitdonio com didxido de carbono na morfologia
renal e hepatica de ratos submetidos a colectomia segmentar a anastomose colonica. Métodos: 54 ratos machos da linhagem Winstar, que,
apos serem anestesiados, foram aleatoriamente distribuidos em trés grupos (P, PP ¢ C): P - 18 animais submetidos a pneumoperitonio por
30 minutos imediatamente antes da laparotomia PP — 18 animais submetidos a pneumoperiténio por 60 minutos, 30 imediatamente antes
da laparotomia e 30 apoés a laparorrafia ; C — (grupo controle) - 18 animais submetidos a laparotomia sem o uso de pneumoperiténio. Os
animais foram mortos no terceiro e sétimo dia p6s-operatdrio, quando ocorreu a coleta do rim e parte do figado. As pegas foram coradas
com Hematoxilina e Eosina e Von Kossa e analisadas por um patologista que desconhecia os grupos. Resultados: Nao foram observadas
alteragdes nas estruturas renais. Nas amostras hepaticas foram observados achados histologicos como a degeneragdo hidropica no grupo
de animais mortos no sétimo DPO (p= 0,029). Conclusio: O pneumoperiténio com didxido de carbono ndo afetou a morfologia renal
e causou a degeneragdo hidrdpica no figado dos animais mortos no 7° dia pos-operatorio.

Descritores: Rim. Figado. Pneumoperitonio Artificial. Didéxido de Carbono. Laparoscopia. Ratos.
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Introduction

New diagnostic tools have been developed after the
advent of laparoscopy, which substantially increased the number
of minimally invasive surgeries. In addition to the benefits of
this new technique, several questions have been raised about the
possible secondary consequences of acute and prolonged gas
insufflation and the resulting higher intraperitoneal pressures'.

The introduction of carbon dioxide under pressure
into the peritoneal cavity may cause changes in the splanchnic
microcirculation, which may affect pulmonary, cardiac, liver and
kidney physiology'2. Changes have also been found in intracranial
pressure, blood acid-base control and the immune system (2).

Gas insufflation into the peritoneal cavity increases
intra-abdominal pressure and, consequently, peripheral vascular
resistance. This phenomenon seems to directly affect the capillary
and capacitance vessels of the arterial and venous systems. The
blood flow of intra-abdominal organs, except for the adrenal
glands, gradually decreases until the pressure reaches about 20
mmHg in animal models®?.

In the special case of the kidneys, the compression of
the aorta, the renal artery, the renal vein and the renal parenchyma
is the hypothesis most often accepted to explain changes in renal
function, such as renin release and reduced urine excretion*®.
Prolonged periods of pneumoperitoneum-induced ischemia
may also be associated with morphological changes of renal
components™®,

Similarly to the changes seen in the kidneys, hepatic
functions are also affected by increased intra-abdominal pressure.
The portal blood flow may be reduced in up to 65%, and the
arterial blood flow, in up to 45% when a pneumoperitoneum of
20 mmHg is established in pigs'. Functional changes occur and
elevate serum transaminase levels’, and the liver parenchyma may
undergo morphological changes.

The use of laparoscopy has become routine in medical
practice, and the experience with laparoscopic surgery has guided
the study of its quantitative and qualitative benefits and drawbacks.
Therefore, this study, whose aim was to improve the understanding
of side effects of pneumoperitoneum in a surgical model, evaluated
the effect of CO, pneumoperitoneum on the hepatic and renal
morphology of rats that underwent colonic anastomosis.

Methods

All procedures were performed under the guidelines
of the Brazilian College of Animal Experimentation (COBEA).
The study was approved by the Ethics Committee of Animal Use
(CEUA), UnB.

Fifty-four male Wistar rats, mean age of 90 days and
weight of 285g to 387g were obtained from the Bioagri Laboratory
of Brasilia. The animals were weighed using a precision scale.

All animals were anesthetized with 10 mgkg IM
xylazine hydrochloride and 75mg/kg IM ketamine hydrochloride.
Anesthesia was verified by reflex testing of withdrawal to painful
stimuli and additional doses of anesthetic drugs were administered
whenever anesthetic recovery occurred.

Pneumoperitoneum was established using a laparoscopic
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insufflator. After abdominal puncture with a Veress needle, CO,
was introduced at a flow rate of 0.5 to 1.0 liter per minute, without
preheating, until pressure stabilization was achieved at 5 mmHg.

The animals were randomly divided into 3 groups (P, PP
and C) of 18 animals each:

Group P - pneumoperitoneum was established 30 minutes
immediately before laparotomy.

Group PP - pneumoperitoneum was established for
60 minutes, 30 immediately before laparotomy and 30 after
abdominal wall closure.

Group C (Control group ) - no pneumoperitoneum.

Each group was subdivided into two subgroups of 9
animals each (P3, PP3, C3 and P7, PP7, C7) according to the dates
scheduled for sacrifice: 3™ and 7" postoperative days (POD).

After anesthesia, each animal was placed on the surgical
board in supine position with its fore and hind limbs fixed in
abduction. The anterior abdominal region was shaved and cleaned
with povidone-iodine.

A midline incision of about 5cm was made, and all
animals underwent resection of a 1cm colonic segment at 2.5cm
to 3.5cm proximal to the peritoneal reflection. The colonic transit
was reconstructed using end-to-end anastomosis and single-layer
continuous suture with 6-0 polypropylene suture.

On the 3" and 7™ postoperative day, nine animals in
each group were anesthetized and underwent another laparotomy
for macroscopic evaluation of the peritoneal cavity and colonic
anastomosis. The left kidney and right lobe of the liver from each
rat were collected. Then, the animals were killed by an overdose
of thiopental injected into the inferior vena cava.

Histological examination

Specimens were stored in  10% formalin for
histopathological analysis. The slides were stained with
hematoxylin and eosin (HE), as well as with Von Kossa to analyze
possible renal morphological changes.

A pathologist blinded to group and subgroup
distributions performed the histological analyses of slides using
light microscopy.

The following renal morphology factors were analyzed:
hydropic degeneration, congestion, cytoplasmic vacuoles,
cytoplasmic membrane rupture and necrosis.

In the analysis of liver specimens, the following
morphological changes were analyzed: hepatic steatosis, necrosis
and hydropic degeneration.

These changes were classified according to the degree
of lesions found: mild steatosis and moderate steatosis; mild
hydropic degeneration and moderate hydropic degeneration; and
focal necrosis.

Statistical analysis
The Special Package for Social Sciences (SPSS) version

16.0 was used for data analysis. The Fisher exact test was used for
comparisons. The level of significance was set at 5% (p<0.05).
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Result
Overall findings

During postoperative observation, no animals had any
clinical complications and all survived until the dates scheduled
for sacrifice.

Renal morphology

The analysis of renal morphological changes revealed
that there was no ischemia or hydropic degeneration, congestion,
cytoplasmic vacuoles, cytoplasmic membrane rupture or necrosis
in collected HE-stained specimen. Changes found in the Von
Kossa-stained specimens suggested calcification in the renal
tubules (p=0.124) in five animals on the 3 POD: 2 in the P3
group, two in the PP3 group and one in the C Group. On the 7%
POD, one specimen of the C group showed calcification (Table 1).

TABLE 1 - Frequency of tubular calcification in
animals of the 3 groups (P, PP and C) at both time points (3
and 7 days) - subgroups P3, P7, PP3, PP7, C3, C7): P Group -
pneumoperitoneum for 30 minutes before laparotomy (P3, P7); PP
Group — pneumoperitoneum for 30 minutes before laparotomy and
30 minutes after abdominal closure (PP3, PP7); C Group - control
without pneumoperitoneum (C3, C7).

Groups And Subgroups
Calcification
P3 PP3 C3 P7 PP7 C7
Present 2 2 1 0 0 1
Absent 7 7 8 9 9 8
Total 9 9 9 9 9 9
Hepatic morphology

The analysis of morphological changes revealed that
liver samples had hepatic steatosis and hydropic degeneration
(Figures 1 and 2).

of rats after segmental colectomy and colonic anastomosis

FIGURE 1 - Histological liver sections (HE, 400X). A. Hepatocytes with
microvesicular steatosis (intracytoplasmic vacuoles). B. Cellular swelling
(hydropic degeneration) in hepatocytes.

—

1 Absent
H moderate
mild

P7 PP7 C7

P3 PP3 C3

FIGURE 2 - Frequency of hydropic degeneration in the animals of the 3
groups (P, PP and C) at both time points (3 and 7 days) - subgroups P3, P7,
PP3, PP7, C3, C7): P Group - pneumoperitoneum for 30 minutes before
laparotomy (P3, P7); PP Group— pneumoperitoneum for 30 minutes
before laparotomy and 30 minutes after suture (PP3, PP7); C Group -
control without pneumoperitoneum (C3, C7).

P3, PP and C3 (p=0.354) P7 and PP7 (p=1.00)

P7 and C7 (p=0.009) PP7 and C7 (p=0.029)
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Of the animals killed on the 3 POD, 3 in the P3 group
had steatosis, (2 mild, 1 moderate); 7 in the PP3 group had steatosis
(5 mild, 2 moderate); in the C3 group, 4 had steatosis (4 mild) (p
=0.254) (Table 2).

TABLE 2 - Frequency of hepatic steatosis in animals of
the 3 groups at both time points (3 and 7 days) - subgroups P3, P7,
PP3, PP7, C3, C7): P Group - pneumoperitoneum for 30 minutes
before laparotomy (P3, P7); PP Group— pneumoperitoneum for
30 minutes before laparotomy and 30 minutes after suture (PP3,
PP7); C Group - control without pneumoperitoneum (C3, C7).

Groups And  Subgroups
Steatosis
P3* PP3* C3* P7 ** PP7 ** (C7**
Mild 2 5 4 2 1 1
Moderate 1 2 0 1 2 5
Absent 6 2 5 6 6 3
Total 9 9 9 9 9 9

* (p=0.254) ** (p=0.340)

Hydropic degeneration was found in 4 animals: 1 in the
PP3 subgroup (1 mild); and 3 in the P3 group (1 mild, 2 moderate)
(p = 0.354) (Table 3).

In the subgroup of animals killed on the 7% POD, steatosis
was found in 3 animals in the PP7 group (all mild), 3 in the P7
group (2 mild, 1 moderate), and 6 in the C group (5 moderate, 1
mild) (p = 0.340) (Table 2). Hydropic degeneration occurred in
11 animals: 6 in the P7 subgroup (3 mild and 3 moderate; 5 in the
PP7 group (3 mild, 2 moderate) (p = 0.024). When subgroups were
compared to each other, no differences between P7 and PP7 were
found (p = 1.00). There were statistically significant differences
between the C7 and P7 subgroups (p = 0.009) and between the PP7
and C7 subgroups (p = 0.029) (Table 3 and Figure 2).

TABLE 3 - Frequency of hydropic degeneration in
the animals of the 3 groups (P, PP and C) at both time points (3
and 7 days) - subgroups P3, P7, PP3, PP7, C3, C7): P Group -
pneumoperitoneum for 30 minutes before laparotomy (P3, P7);
PP Group— pneumoperitoneum for 30 minutes before laparotomy
and 30 minutes after suture (PP3, PP7); C Group - control without
pneumoperitoneum (C3, C7).

Hydropic Groups And Subgroups
Degeneration P3 PP3 C3 7 P po
Mild 1 1 0 3 3 0
Moderate 2 0 0 3 2 0
Absent 6 8 9 3 4 9
Total 9 9 9 9 9 9

P3, PP and C3 (p=0.354)
P7 and C7 (p= 0.009)

P7 and PP7 (p=1.00)
PP7 and C7 (p=0.029)
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Discussion

Laparoscopic procedures produce higher intraperitoneal
pressures and result in oliguria in both animals and human
beings®. Decreased blood flow and abnormal glomerular
filtration and tubular functions are major consequences of a
pneumoperitoneum®*,

In addition, hormonal changes centrally and peripherally
coordinated lead to greater releases of renin, angiotensin and
vasopressin, which act together during episodes of increased
intraperitoneal pressure and affect renal activity®.

Positive intraperitoneal pressures also cause increases
in sympathetic activity regulated by baroreceptors and mediated
by the effects of hypercapnia, which may lead to renal cortical
vasoconstriction and its sequelae'®!'.

Changes in renal blood flow within the cortex and the
renal medulla promote the changes discussed above®!*. All
these factors are combined with surgical stress and the effects of
anesthetic drugs, which act directly on cardiovascular and renal
functions'.

The physiopathology of renal dysfunction under
conditions of high intra-abdominal pressure is multifactorial
and complex. Hemodynamic and hormonal mechanisms, as
well as inflammatory changes, may lead to renal dysfunction’.
These phenomena are associated with reduced cardiac output
and the compression of veins, arteries and renal parenchyma?S.
Such changes are usually transient and disappear soon after
pneumoperitoneum cessation.

The analysis of data in the literature suggests that,
although functional changes may be caused by an elevated intra-
abdominal pressure, they are not always followed by significant
renal morphological changes, which, when they occur, are
transient'>".

Ozmen et al.** conducted a histological analysis of
kidneys after exposure to high pressures and found reversible cell
damage as a result of hypoxia, such as acute cellular swelling,
cytoplasmic vacuoles and hydropic degeneration. They also found
early changes suggestive of irreversible injury, such as rupture
of the cytoplasmic membrane, focal hemorrhage and epithelial
cells within the tubular lumens. However, in experimental studies
using intra-abdominal pressures below 15 mmHg, no evidence
of significant long-term renal histological changes has been
found'*". These findings were partly reproduced in our study,
as no histological or morphological changes caused by CO,
pneumoperitoneum were found. The low pressure (5 mmHg) used
in the peritoneal cavity of animals might not explain these results,
as this value corresponds, in rats, to the intra-abdominal pressure
used during laparoscopy in human beings in clinical practice'.

Morphological changes may also be associated with
exposure time to pneumoperitoneum which, in our study, may not
have been long enough to result in changes in renal structures.
However, when a pressure of 5 mmHg was used, there was
production of 8-iso-prostaglandin F2 (8-iso-PGF2), which
may lead to kidney damage due to reperfusion after ischemic
periods'*16,

The calcification in the samples collected in this study
may be explained by two possible causes. The first is associated
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with genetic factors that lead to greater accumulations of calcium
and are more pronounced in old animals'’. The second is associated
with diet composition. Diets with low magnesium contents (Mg)
or low calcium-to-phosphorus ratios (Ca:P) may induce the
development of nephrocalcinosis'’. In our study, nephrocalcinosis
was not the result of pneumoperitoneum, as its distribution in
animals of the 3 groups was not statistically significant (p>0.05).

The effects of increased abdominal cavity pressure
on liver structures are different and directly associated with
hemodynamic changes. When the liver is exposed to high
intraperitoneal pressures, the splanchnic circulation becomes more
difficult and generates regions of hypoperfusion or ischemia. This
fact is exacerbated by the compression of vessels of the portal
system, which further reduces the blood supply to liver cells'®.

Changes in liver blood flow are also associated with the
sympathetic and humoral systems, triggered by hypercapnia and
by increased intraperitoneal pressure'®.

The use of anesthetic drugs reduces cardiac output and
blood supply to the liver'”. These hemodynamic changes are
followed by changes in hepatic functions.

Previous studies showed that the decrease in liver blood
flow during pneumoperitoneum in pigs and dogs is associated
with changes in hepatic function. This fact explains the increase
of aspartate aminotransferase (AST), which is an indicator of liver
damage, at the pressure of 6 mmHg!.

In other studies with intra-abdominal pressures of 10
mmHg, changes in serum levels of other indicators of hepatic
function, such as the levels of aminotransferase, alkaline
phosphatase, gamma-glutamyl transpeptidase and lactic
dehydrogenase, have also been reported’.

Therefore, pneumoperitoneum may affect hepatic
functions, and its effect is directly associated with exposure
time and pressure levels. However, the effect of high pressures
was transient in both clinical and laboratory studies, and most
functional changes disappeared 72 h after deflation'’.

The hepatic changes found in this study confirm some of
the possible abnormalities caused by ischemia of hepatic tissue.
Hydropic degeneration, a reversible lesion found in the specimens
analyzed in this study, may be explained mainly by decreased
portal blood flow during exposure to pneumoperitoneum, either
by vascular compression or decreased venous return due to the
high intra-abdominal pressure'’.

The lesions found in both postoperative periods (POD3
and POD?7) are in agreement with those reported in previous studies,
in which the liver had periods of ischemia and reperfusion'®2!. In
addition to ischemic events during gas insufflation, other factors,
such as the use of anesthetic drugs and the presence of toxins, also
trigger vacuolar degeneration.

The reduction of microcirculation causes changes in
immune responses, as well as in Kupffer cells and hepatocyte
energy metabolism®.

Recent studies found alternative explanations to changes
in both hepatic function and morphology. Ozmen et al.'* found
that, in addition to hemodynamic changes, lesions in liver cells
were caused by reperfusion of organs during pneumoperitoneum.

Ischemia and reperfusion induce the release of
inflammatory mediators that lead to lipid peroxidation and produce
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a series of oxygen-derived free radicals®?2. This not only makes
the injury worse, but also generates further tissue changes (14).
The production of free radicals depends on the degree of ischemia
in tissues and is correlated with the pressure and duration of
pneumoperitoneum!*,

Another factor that affects the hepatic blood flow is the
production of inflammatory cytokines as a result of increased
immune activity of liver cells. In the liver microcirculation,
there is a large number of leukocytes and platelets adhered to the
endothelium and an increased activity of Kupffer cells, which
leads to increased production of pro-inflammatory substances with
a marked degree of tissue ischemia®.

The hepatic steatosis found in the samples collected in
our study may have different etiologies. If the diet of the animals
were rich in fatty acids, the metabolic changes and the emergence
of these changes might be more likely?*. However, the diet offered
to the animals in this study was a standard diet for laboratory
animals.

Lipid accumulation within hepatocytes has been linked to
increased susceptibility of liver tissue to ischemia and reperfusion,
which makes the liver with steatosis more sensitive to situations
that require blood flow reduction®. However, this change becomes
more significant under conditions in which steatosis is more
serious, which was not the case in our study samples®.

The presence of lesions in the liver parenchyma shows
that acute increases of the peritoneal cavity pressure may induce
the appearance of abnormal tissue. Therefore, the dysfunction
caused by gas insufflation into the abdominal cavity may intensify
pre-existing pathologies, such as kidney and liver failure'-.

Significant clinical changes may affect elderly patients
or those with cardiac problems who have to undergo prolonged
laparoscopic procedures. The choice of type of abdominal surgery
should be carefully analyzed when the patient has impaired kidney
or liver function. If the choice is laparoscopy, pressure and duration
of the procedure are important points to consider!!*!5,

Conclusion

The CO, pneumoperitoneum did not affect renal
morphology, but caused changes in hepatic morphology as it led
to hydropic degeneration.
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