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Remote ischemic preconditioning in liver graft viability
Preacondicionamiento isquémico remoto sobre viabilidad del injerto hepatico

Paula Cordero-Pérez', Marco Hernandez-Guedea?, Julio C. Jiménez-Pérez!, Linda Mufioz-Espinosa’,
Edelmiro Pérez-Rodriguez? and Homero A. Zapata-Chavira®*

'Department of Internal Medicine; 2Transplantation Department. Universidad Auténoma de Nuevo Ledn, Hospital Universitario Dr. José E. Gonzalez,

Monterrey, Nuevo Leon, Mexico

Abstract

Background: Remote ischemic preconditioning (RIP) in liver transplantation has been suggested experimentally as a strategy
to reduce ischemia-reperfusion injury. Objective: Evaluate the effect of RIP on liver graft in cadaveric donors and the impact
of various inflammatory mediators in this process. Method: Ten liver transplantation recipients, 5 controls and 5 RIP were
made in the cadaver donors by applying a pneumatic tourniquet in the upper third of both thighs for a period of 10 minutes
followed by 10 minutes reperfusion. The determination of interleukine (IL)-1, IL-6, tumor necrosis factor alpha (TNF-u.), vascu-
lar endothelial growth factor (VEGF), intracellular adhesion molecule (ICAM)-1 was performed as well as hematological and
biochemical parameters at various stages of liver transplantation. Results: Significant increase of aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and alkaline phosphatase in the early stages of post-liver transplantation were observed,
after 72 hours subjects who received liver transplantation subjected to RIP they showed a better response, which was also
evident in platelet recovery, which persisted until phase 3 months in this group. IL-6 appears to participate in the early stages
of the ischemia-reperfusion injury, contrary to TNF-o. that increases until day 7 while ICAM-1 was increased in all phases.
Conclusions: In this pilot study the PIR decreased the damage by ischemia-reperfusion injury, although the greatest effect
was observed after 72 hours.
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Resumen

Antecedentes: E/ preacondicionamiento isquémico remoto (PIR) en trasplante hepatico ha sido sugerido en el ambito ex-
perimental como estrategia para disminuir la lesion por isquemia- reperfusion. Objetivo: Evaluar el efecto del PIR sobre el
injerto hepatico en donante caddver y el impacto de diversos mediadores inflamatorios en este proceso. Método: Se inclu-
yeron 10 receptores de trasplante hepatico, 5 controles y 5 con PIR, el cual fue realizado en los donantes cadavéricos
mediante la aplicacion de un torniquete neumatico en ambos muslos por 10 minutos seguido de 10 minutos de reperfusion.
Se determinaron interleucina (IL)-1, IL-6, factor de necrosis tumoral alfa (FNT-u.), factor de crecimiento endotelial vascular
(FCEV) y molécula de adhesion intracelular (ICAM)-1, parémetros hematoldgicos y bioquimicos en diversas fases del tras-
plante hepatico. Resultados: Se observd un aumento significativo de la aspartato aminotransferasa (AST), la alanino ami-
notransferasa (ALT) y la fosfatasa alcalina en las fases tempranas tras el trasplante hepatico, y a las 72 horas los sujetos
con PIR mostraron mejor respuesta, con recuperacion de plaquetas, que persistio hasta los 3 meses en este grupo. La IL-6
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participa en las fases tempranas de la lesion por isquemia- reperfusion, contrario al FNT-o, que se incrementa hasta el dia 7,
mientras que la ICAM-1 aumento en todas las fases. Conclusiones: En este estudio piloto, el PIR disminuyé el dafio por
lesion por isquemia- reperfusion, aunque el mayor efecto se observo después de 72 horas.

Palabras clave: Isquemia/reperfusion. Trasplante hepadtico. Preacondicionamiento isquémico. Preacondicionamiento isqué-

mico remoto.

|ntroduction

Liver transplantation is considered the only treat-
ment option for terminal phase liver diseases; how-
ever, there are various mechanisms that can harm the
organ to be transplanted. Ischemia-reperfusion dam-
age is a cell damage increase phenomenon in an
ischemic organ after oxygen flow restoration'. In the
liver, ischemia-reperfusion damage is associated with
transplantation, resection or vascular reconstruction
liver surgery, and trauma?.

Ischemia-reperfusion injury is a complex and multi-
factorial process where a series of cellular and mo-
lecular changes is produced, such as activation of the
inflammatory cascade, oxidative stress, energy deple-
tion and an ionic and pH imbalance which culminates
in cell function deterioration and gives rise to exten-
sive tissue damage®?®. Ischemia-reperfusion injury is
one of the main causes of initial function delay and
liver graft failure.

Numerous strategies have been used to decrease
ischemia-reperfusion damage in various experimental
models, but only some of these have shown efficacy
in human studies. In 2003, Selzner et al.® classified
the procedures to reduce ischemia-reperfusion injury
in pharmacological, surgical (preconditioning isch-
emic, remote ischemic preconditioning [RIP]) and
gene therapy procedures.

Currently, many investigations in the transplantation
field are aimed at understanding the mechanisms in-
volved in ischemia-reperfusion injury; the goal is to
develop new therapeutic strategies that allow reducing
this lesion and thus minimize the risk of graft dysfunc-
tion, but none of the three strategies has turned out to
be completely efficacious in the prevention of ischemia-
reperfusion injury associated with transplantation”.

Within the pathophysiology of RIP, various involved
mechanisms have been described, including Na/K
pump failure, calcium concentration increase, free
radical formation, malondialdehyde formation and an-
tioxidant capacity depletion'®,

RIP is a therapeutic alternative that has been ex-
perimentally used to improve renal and liver function,

and to decrease inflammatory changes after reperfu-
sion. The RIP phenomenon was described in 1993 by
Przyklenk et al.’?, when they observed that brief isch-
emia-reperfusion episodes in the circumflex artery
decreased myocardial infarction size caused by left
anterior descending artery occlusion®.

To date, few clinical studies have been published on
RIP, which offers protection to a distant organ or tis-
sue™™, The mechanism by means of which a brief
episode of ischemia-reperfusion of an organ offers
protection against a subsequent ischemia episode in
a distant organ or tissue it is still unclear. Three theo-
ries have been proposed to explain the RIP mecha-
nisms: the neuronal hypothesis, the humoral
hypothesis and a third hypothesis that proposes that
transient ischemia and reperfusion of an organ or tis-
sue cause a systemic protection response in the re-
mote organ by suppressing inflammation and apoptosis
by MAPK p38, ERK1/2 and JNK activation™®. In ex-
perimental studies, the effect of RIP on the inflamma-
tory response has been investigated by stimulating
the transcription of anti-inflammatory and antiapop-
totic genes™ . The purpose of this study was to de-
termine wether RIP modulates the mechanisms
involved in ischemia-reperfusion injury in cadaveric
donor liver transplant recipients through inflammatory
mediators such as cytokines (IL-1, IL-6, FNT-a), intra-
cellular adhesion molecules (ICAM-1) and vascular
epithelial growth factor (VEGF).

Method
Patient population and study design

Ten patients undergoing liver transplantation were in-
cluded during the period of August 2013 to August 2015
at the University Hospital Dr. José Eleuterio Gonzalez.
Subjects of both genders, > 18 and < 70 years of age,
undergoing non-urgent liver transplantation, were eligi-
ble to participate in this study after granting informed
consent. The protocol was approved by the Ethics Com-
mittee of the University Hospital (TR12-002).



The 10 recipients were divided in two groups: RIP
group (n = 5) and control group without RIP (n = 5).
The blood group was compatible between receptors
and donors. RIP was induced in the donor by blood
flow occlusion of both lower extremities by pneumatic
tourniquet simultaneously placed on the upper third of
both thighs for 10 minutes (200 mmHg), which was
subsequently deflated; this procedure was performed
immediately before starting laparotomy. After liver
graft procurement, which was carried out using the
classical technique, the grafts were preserved with
HTK solution (Custodiol®) and, in the recipient, liver
transplantation was performed using the piggyback
technique The liver grafts were irrigated with normal
saline and albumin through the portal vein to clear the
preservation solution.

In both groups (RIP and control) blood samples
(15 mL) were taken in the pre-transplant phases, 90
minutes post-perfusion, at 12, 24, 48 and 72 hours,
and at 7, 15 and 30 days, and in the donors, before
the RIP and at the beginning of laparotomy. At each
phase, a blood sample was obtained for hematologi-
cal and biochemical parameters determination, and
for inflammatory response mediators; the blood sam-
ple was centrifuged at 3000 rpm and the serum was
aliquotted and stored at -80 °C until its analysis. The
immunosuppression regimen was induced with a ste-
roid bolus during surgery prior to reperfusion and was
maintained with tacrolimus, mofetil mycophenolate
and steroids.

The variables assessed in the recipients were age,
gender, liver disease etiology, MELD scale, Child-
Pugh score, cold ischemia time and anhepatic phase
time. The primary efficacy endpoint of the study was
the evaluation of inflammatory mediators and liver
function modification through AST, ALT, total bilirubin
and international normalized ratio 90 minutes after
reperfusion and in the subsequent analyzed phases.
The secondary endpoints were the incidence of pri-
mary graft failure and initial malfunctioning of the
graft, the need for re-transplantation and 3-month
graft survival.

Determination of hematological and
biochemical parameters

Blood samples were used to determine hematological
parameters in a Cell Dyn 1700 (Abbott Diagnostics,
Abbott Park, IL, USA) and serum concentrations of the
various biochemical markers were determined with
standard commercial biochemical test kits, using the
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ILAB Aries analyzer (Instrumentation Laboratory Head-
quarters Bedford, MA, USA) and DT6011 (Vitros Chem-
ical System, Johnson and Johnson, USA).

Pro-inflammatory Mediators

IL-6 (pg/mL), TNF-o (pg/mL), ICAM-1 (pg/mL),
VEGF (pg/mL) and IL-1 (pg/mL) serum concentrations
were determined using an immunoenzymatic assay kit
specific to each mediator (Peprotech, Mexico).

Statistical analysis

The SPSS 22.0 statistical package (SPSS Inc. Soft-
ware, Chicago, lllinois, USA) was used to analyze the
data using Student’s t-test to determine the compari-
son and the difference between groups. All values
were expressed as means + standard deviation, and
a p-value < 0.05 was considered statistically
significant.

Results

The donors were men (4, 40%) and women (6,
60%), mean age was 41.3 = 14.6 years, and neither
group had expanded criteria; the causes of death
were traumatic brain injury (46%), stroke (45%) and
cerebral hypoxia (9%).

The recipients were men (6, 60%) and women (4,
40%), with mean age of 59.0 + 9.7 years, body mass
index of 26.1 + 5.7, MELD mean value of 15 and Child
Pugh classification B (9) and C (1). Liver cirrhosis eti-
ology was alcoholic (3, 30%), non-alcoholic steato-
hepatitis (3, 30%), autoimmune (1, 10%), hepatitis C
virus (2, 20%) and secondary biliary cirrhosis (1, 10%).
Cold ischemia mean time was 4.1 hours, and mean
anhepatic phase time was 49 minutes. There were no
cases of primary graft failure, graft initial malfunction
or acute rejection. Significant differences (p < 0.05)
were found between groups in the following inflamma-
tory mediators and phases: post-perfusion IL-6, at 24
hours and 72 hours; TNF-o at 7 days, 15 days and 30
days; and ICAM-1 in most phases: The values of each
one of these mediators were higher in the group that
received organs that underwent RIP; there was no
significant difference in IL-1 and VEGF in all study
phases (Table 1).

Regarding the assessed hematological parameters,
only platelets showed mainly significant difference in
some of the evaluated phases; however, higher values
were observed in the RIP group since the 24-hour
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ischemia-reperfusion damage in liver transplantation, a
decrease in aminotransferases has been reported®?;
however, in experimental studies, ischemic precondi-
tioning attenuates ischemia-reperfusion liver injury by
decreasing leukocyte infiltration, liver enzymes and
apoptosis?#?. In the present study, a significant in-
crease of said enzymes was observed at liver trans-
plantation early stages, and thus we can deduce that,
at this stage, RIP failed to improve ischemia-reperfusion
injury, but in subsequent evaluated phases (after 72
hours) a better response was observed in the subjects
who received a liver transplantation undergoing RIP.

Recently, in a murine model of liver transplantation
with ischemic preconditioning, RIP or both, reducing
ischemia-reperfusion injury was possible in precondi-
tioned groups, since they had a significant decrease
in transaminases, TNF-a and malondialdehyde, with
less liver injury and apoptosis with regard to the con-
trol group, thus demonstrating a synergistic effect in
the ischemic preconditioning plus RIP group?.

On the other hand, thrombocytopenia is highly com-
mon during liver transplantation reperfusion phase?’%,
caused by the consumption and sequestration of plate-
lets within liver sinusoids. The degree of platelet acti-
vation has been correlated with graft function; although
platelets are thought to actively participate in the
pathogenesis of ischemia-reperfusion injury, they may
have beneficial effects during this phase by secreting
substances such as serotonin, which participates in
the repair of ischemic damage®. There is evidence
suggesting that platelets have other non-hemostatic
properties, by participating in inflammation, angiogen-
esis, regeneration and ischemia-reperfusion injury®. It
has been experimentally demonstrated that RIP pro-
tects against partial liver ischemia through platelet-
derived serotonin, VEGF, IL-10 and matrix
metalloproteinase 8%. In this study, a greater recovery
of platelets count was found after 72 hours, which
persisted up to 3 months in the group of patients re-
ceiving grafts undergoing RIP.

So far, the effect of RIP has only been reported in
related live donor liver transplantation recipients. This
is the first study where liver grafts undergoing RIP are
compared with grafts not subjected to it in brain death
donors. In this work, it was observed that, of the
evaluated inflammatory mediators, only IL-6 appears
to participate in the post-liver transplantation inflam-
matory response early stages, conversely to TNF-a,
whose participation is evident after the seventh post-
transplantation day; however, ICAM-1 appears to be
a more noticeable inflammatory mediator in the

subjects who received grafts with RIP, since this mol-
ecule rose significantly since the initial phase after
liver transplantation until 30 days, and was normalized
only until 3 months.

Of note, along with inflammatory mediators, liver
enzymes AST, ALT and alkaline phosphatase rise con-
siderably in the post-transplantation immediate phases
and decrease faster in recipients with RIP after 72
hours, with this effect being maintained until 15 days
and recovery to normal values being achieved more
quickly in those subjects, but not in the group of re-
cipients without RIP. In both study groups, there was
no primary failure or graft rejection during the evalu-
ated follow-up, but in the group that underwent RIP, a
faster recovery was observed to be achieved both in
inflammatory parameters and in some biochemical pa-
rameters associated with an improvement in the liver
function, and for this reason, we consider that the
procedure favors the reduction of ischemia-reperfu-
sion damage in liver grafts, and that increasing the
number of patients is necessary, as well as defining to
which mechanisms is this improvement attributed.
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