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ABSTRACT

Purpose: Evaluation of the Mean Arterial Pressure (MAP) and body temperature changes in a new model of liver ischemia-reperfusion
applying topical Hypothermia and Ischemic Preconditioning (IPC). Methods: Rats (n= 32) were divided in 5 groups: Control (C),
Normothermic Ischemia (NI), Ischemic Preconditioning (IPC), Hypothermia 26°C plus IPC (H+IPC) and Hypothermia 26°C (H). MAP
and body temperature were recorded at 30 minutes intervals throughout the entire experiment. The study groups underwent 90
minutes partial hepatic ischemia followed by 120 minutes of reperfusion. The median and lateral left lobes were isolated and topical
26°C hypothermia was induced by superfusion of cooled saline solution in H+IPC and H groups. A 10 minutes protocol of ischemia and
reperfusion was applied in the IPC and H+IPC groups before the major ischemic insult. Results: There was no significant difference in
MAP and body temperature means between the groups throughout the experiments. Conclusion: The present model allows the induction
of topical hepatic hypothermia associated or not to IPC. New studies to evaluate the possible synergistic effects of these tools can be
reproduced without significant changes in macrohemodynamics and body temperature, or in other words, under stable conditions

Key words: Hypothermia, Induced. Ischemic Preconditioning. Rats.

RESUMO

Objetivo: Avaliar as variagdes de temperatura corporal, pressdo arterial média (PAM) em um novo modelo de isquemia e reperfusio
hepatico que utiliza Pré-condicionamento isquémico e Hipotermia topica. Métodos: Ratos (n= 32) da raga Wistar foram divididos em 5
grupos: Controle (C), Isquemia normotérmica (IN), Hipotermia a 26°C (H), Pré-condicionamento isquémico (PCI) e Hipotermia a 26°C
com Pré-condicionamento isquémico com hipotermia (H+PCI). As aferi¢des da PAM e temperatura corporal foram realizadas em intervalos
de 30 minutos. Os animais foram submetidos a isquemia hepatica de 90 minutos e 120 minutos de reperfusdo. Nos grupos H e H+PCI,
o figado foi isolado e resfriado por superfusdo de solugao fisiologica gelada. Nos grupos com PCI e H+PCI foram aplicados 10 minutos
de isquemia e 10 minutos de reperfusdo antes do insulto isquémico maior. Resultados: Nao houve diferenga na PAM e temperatura
corporal entre os grupos durante todo o experimento. Conclusio: O presente modelo permite a aplicagdo de hipotermia local associada
ou ndo ao PCI. Novos estudos para avaliar os possiveis efeitos sinergisticos destas ferramentas podem ser reproduzidos sem alteragdes
significativas na macrohemodindmica e temperatura corporal, ou seja, sob condigdes estaveis.

Descritores: Hipotermia Induzida. Precondicionamento isquémico. Ratos.

'Research performed at the Animal Experimentation Unit, Clinics Hospital of Porto Alegre, Federal University of Rio Grande do Sul (UFRGS), Brazil.

Introduction

During major liver resections, blood flow to the liver can
be temporarily occluded to prevent massive blood loss. Evidences
shows that normal livers tolerate 60 minutes of ischemia without
sustaining significant injuries'**. However, complex resections
demand extended periods of ischemia which can compromise the
organ viability in the post-operative period. In addition, resections

in livers with chronic diseases and steatosis are related to less
tolerance to hypoxia and elevated rates of dysfunction®*.

In order to attenuate the ischemia-reperfusion injuries and
perform complex liver resections, some authors recommend the
use of protective tools, such as Hypothermia and IPC. These
techniques have been related to the reduction of oxidative stress,
less ATP consumption and microcirculation protection®s. The
Hypothermia in liver surgery can be induced by total body cooling,
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hypothermic perfusion cooling, extracorporeal cooling or topical
(surface) cooling®”®. On the other hand, IPC is an inducible and
potent endogenous mechanism by which repeated episodes of brief
Ischemia and Reperfusion (I/R) lead to a state of protection against
subsequent sustained I/R injury. Due to simplicity and easy
execution, the IPC has been evaluated in many experimental and
clinical situations®!*!12,

In theory, the use of both techniques in liver surgery could
offer synergistic effects, but until now there is no information available
about the changes of homodynamic parameters or body temperature
when these tools are associated. In this work, we used a model of
moderate topical cooling previously developed®' plus IPC,
aiming to observe the changes in MAP and body temperature.

Methods

This study was approved by the Bioethical Committee
for Animal Experimentation at Post-Graduation Group at
HCPA-UFRGS which follows the Council for International
Organization of Medical Sciences (CIOMS) ethical code for animal
experimentation. Male Wistar rats weighting 200-250g were housed
under standard environmental conditions with a 12-hour light/dark
cycle. The animals fasted overnight with unlimited access to water
before their use in the experiments.

Experimental design

Control Group (C)

Animals underwent laparotomy and all preparation
remaining without hepatic ischemia during the entire experiment,
(n=4).

Normothermic Ischemia (NI)
Livers were subjected to ischemia of the median and
left lateral lobes for 90 minutes and subsequent reperfusion for

120 minutes, (n=7).

Ischemic Preconditioning (IPC)

Ischemic preconditioning consisted of 10 minutes of
warm ischemia and 10 minutes of reperfusion. Thereafter, the
preconditioned liver lobes were exposed to 90 minutes of ischemia
followed by 120 minutes of reperfusion, (n= 7).

Hypothermia (H)

Immediately after the ischemia had begun, the median
and left lateral liver lobes were cooled to 26°C for 90 minutes.
Thereafter, the livers were reperfused for 120 minutes in
normothermia, (n=7).

Hypothermia plus Ischemic Preconditioning (H+IPC)

Ischemic preconditioning consisted of 10 minutes of warm
ischemia and 10 minutes of reperfusion. Immediately after the
ischemia had begun, the median and left lateral liver lobes were
cooled to 26°C for 90 minutes. Thereafter, the livers were reperfused
for 120 minutes in normothermia, (n=7).
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Surgical procedures

Animals were anesthetized with ketamin sulfate 75 mg/kg
and Xylazin 10 mg/kg ip. One-third supplements of the initial dose
were administrated according to the first signs of anesthetic recovery.
Animals were placed in supine position on a heated pad and the
rectal temperature was measured in 30 minutes intervals using a
digital thermometer and immediately adjusted when necessary with
a heating lamp to reach a temperature between 35.5°C - 37.5°C. A
polypropylene catheter (PE-50) was inserted into the right carotid
for recording of MAP in 30 minutes intervals and continuous
volume replacement with normal saline 0.9% (2 ml/h). Oxygen
(11/min) was administrated using a face mask.

The liver was exposed through a transverse bilateral
incision and retractors were positioned in the rib cage. The liver
was released from its ligaments and the branches of the portal
vein and hepatic artery supplying the left and median liver lobes
were identified and clamped for 90 minutes using an atraumatic
microvascular clip. The un-occluded right and caudate lobes
allowed outflow from the splanchnic circulation, thus avoiding
venous congestion. For the duration of hepatic ischemia, the
abdominal cavity remained opened. The top of the surgical table
was elevated 30 degrees and the median and lateral liver lobes
mobilized carefully into a polyethylene concave device as described
previously'®. A flexible intraparenchymal probe (IT-23, diameter
0.5mm) connected to a digital thermometer was introduced into
the left lateral lobe and the temperature adjusted to 26°C by cooled
saline superfusion in the H and H+IPC groups (Figure 1).

W L - g
FIGURE 1 - Liver mobilized into a specially designed polyethylene
device. Blue arrow: Superfusion of cold saline. Red arrow: Flexible probe

introduced into liver parenchyma
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To avoid spillover of the cooled saline into the abdominal
cavity and consecutive systemic cooling of the animal, a suction
system was installed to remove fluid. IPC consisted of 10 minutes
of warm ischemia and 10 minutes of reperfusion before the
prolonged ischemia only in the IPC and IPC+H groups. After
90 minutes of ischemia, the clip was removed and the liver
reperfused for 120 minutes. At the end of the experiment animals
were sacrificed.

Statistical analysis

All data are presented as Means + SEM. Comparisons of
MAP and temperature data between study groups were performed
by one-way ANOVA, using the Dunnet two-sided post hoc test. P
values <0.05 were considered as statistically significant.

Results
Temperature
Ischemia

During the 90 minutes of ischemia, body temperature
means ranged from 36.5 = 0.1°C - 36.9 = 0.3 °C in the C group,
36.5+0.2°C-37.0£0.2 °C in the IN group, 36.5+0.1°C -36.9 +
0.3 °C in the IPC group, 37.0 £ 0.1°C - 37.4 £ 0.1 in the H+IPC
groups and 35.8 £ 0.5 °C - 36.5 = 0.4°C in the H group. No
differences were seen in any of the evaluated body temperature
means when the groups were compared (Figure 2).

Temperature Means
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FIGURE 2 - Temperature means of each evaluation in all groups. Ischemia:
30-90 minutes. Reperfusion: 120-210 minutes. No significant differences
between the groups

Reperfusion

After the reperfusion, the body temperature means ranged
from 36.5 + 0.3 °C - 37.0 + 0.3 °C in the C group, 36.6 0.2 °C —
37.2 £ 0.1°C in the IN group, 36.5 + 0.1°C — 37.1 £ 0.2°C in the
IPC group, 36.9+ 0.2 °C - 37.2 £ 0.2 °C in the H+IPC group and
36.5+0.4 °C—-37.1 +£0.2 °C in the H group.

Similarly to the ischemia period, after the reperfusion
the means of body temperatures demonstrated no significant
differences between the groups in any of the evaluations
(Figure 2).

MAP
Ischemia

During 90 minutes of ischemia, MAP means ranged from
76.5 = 3.1 mmHg — 83.5 = 3.1 mmHg in the C group, 86.3 + 3.8
mmHg - 101.0 + 5.8 mmHg in the IN group, 90.7 + 5.4 mmHg -
97.9 + 6.1 mmHg in the IPC group, 84.7 + 3.8 mmHg —90.6 + 4.3
mmHg in the H+IPC group and 88.0 = 5.6 mmHg — 96.0 + 4.6
mmHg in the H group. No differences were seen in MAP means in
any of the evaluation when the groups were compared (Figure 3).

Reperfusion

After the reperfusion MAP means ranged from 83.8 +
1.8 mmHg - 88.8 = 7.4 mmHg in the C group, 83.3 £ 4.5 mmHg
—94.3 + 4.9 mmHg in the IN group, 86.3 + 3.2 mmHg - 96.9 +
4.7 mmHg in the IPC group, 82.6 £4.4 mmHg —94.7 £ 4.2 mmHg
in the H+IPC group and 84.7 + 5.0 mmHg - 97.3 + 6.7 mmHg in
the H group. However, no differences in MAP means were seen
between the groups in any of the evaluations (Figure 3).
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FIGURE 3 - MAP means of each evaluation in all groups. Ischemia:
30-90 minutes. Reperfusion: 120-210 minutes. No significant differences
between the groups
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Discussion

The present model of ischemia associates two potentially
protective tools against liver injuries involved in I/R, emphasizing
the hemodynamic variations and body temperature at the initial
phase of reperfusion. To our knowledge, this is the first report of
the simultaneous use of Hypothermia and IPC in the liver, whereas
this combination was already reported in brain and heart surgery'*'>,

In the present study, there was a mild increase in
temperatures at the start of the experiment in all groups, an effect
probably related to the artificial warming, since during anesthesia
there is always an impairment of thermoregulation and decreased
vasoconstriction with redistribution of the heat from the core to
periphery and consequent body hypothermia. During the ischemia,
there was a tendency to decrease in temperature means only in the
H group, an effect of the superfusion of cooled saline on the liver.

At the start of the experiment, there was a decrease in
MAP means in all groups. This finding probably is related to the
anesthetic drugs, since controls were not submitted to ischemia
and also presented this behavior. At the start of the hepatic ischemia,
MAP means showed partial recovery in all groups, an effect related
to the compensatory increase of cardiac output and peripheral
vasoconstriction promoted by portal clamping. There were not
negative reflexes associated with the induction of hypothermia in
MAP means and there was no difference in MAP means between
the groups in any of the evaluations.

Immediately after the reperfusion, all groups presented
a significant decrease in MAP means, a finding related to heart
depression and the release of mediators which follows the
restoration of blood flow to the liver. Thereafter, a spontaneous
recovery was seen in the next MAP measurement.

The findings showed that the induction of topical 26°C
liver hypothermia associated or not to IPC in rats had no significant
influence on body temperature and MAP during 90 minutes of ischemia
and 120 minutes of reperfusion, a model associated with severe
liver injuries'®. In addition, this model has proved to be easily
reproducible, with low mortality, despite long duration of ischemia.

Up until now there is no consensus about the best level of
temperature which should be applied, but a set of evidences points
that a mild or moderate hypothermia is able to confer protection to
the liver*'”!®, The main mechanism of protection postulated is a
decrease of cellular metabolism and oxygen requirement, which
occurs consequent to hypothermia, preserving energy and
allowing a longer period of inflow occlusion™'""?. However, the
IPC also has been related to a lesser demand of energy and this is
one of the mechanisms attributed to the liver protection®. Since
this model of 70% ischemia avoids the splanchnic congestion, the
role of intestinal mediators can be less significant than mediators
released by Kuppfer cells.

Even with the strong evidence of benefits in the liver
and other target-organs®', the use of body hypothermia has been
limited because the risks of inducing hemodynamic disturbances,
coagulopathy, metabolic acidosis and arrhythmias'. In addition,
the technique of in situ liver perfusion is complex, demanding total
vascular exclusion and veno-venous by-pass?>*. Some authors
have reported that situ hypothermic perfusion did not demonstrate
better effects compared to topical cooling®. Thus, topical cooling
has emerged as an alternative less invasive, time-saving and cost
efficient as an adjunct to complex liver resections®®>,
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According to our findings, the influence in body
temperature and MAP is minimal when a moderate topical
hypothermia at 26°C is applied for 90 minutes. In line with these
findings, other authors have related that topical cooling can safely
prolong the hepatic inflow occlusion from 60 to 90 minutes, even
in the presence of chronic liver disease without significant
hemodynamic imbalance and body temperature decrease®.

Conclusion

This new model allows the investigation of the influence
of topical hypothermia at 26°C associated or not to IPC, being
stable and reliable. It can be further used for systematic investigation
of the ideal temperature of the liver during ischemia and the
mechanisms involved in liver protection without interference in
body temperature and macrohemodynamics.
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