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RESUMO
Cordoví de Armas L; Jiménez Paneque RE; Gala López B; Rápalo 
Romero EI; Añuez Castillo Y; Vallongo Menéndez MB – Reperfusão 
Rápida e Homogênea como Fator de Risco da Síndrome Pós-Reper-
fusão Hepática Durante Transplante Ortotópico de Fígado.

JUSTIFICATIVA E OBJETIVOS: A revascularização do órgão trans-
plantado é um momento crucial no transplante ortotópico de fígado 
(TOF). Aproximadamente um terço dos pacientes desenvolve síndro-
me pós-reperfusão hepática (SPR), uma combinação de hipotermia, 
desordens metabólicas e instabilidade cardiovascular que podem le-
var à parada cardíaca. O objetivo deste estudo foi avaliar a relação 
velocidade-qualidade (RVQ) da reperfusão do órgão transplantado 
como fator independente de predição da SPR.

MÉTODOS: Todos os pacientes elegíveis que se submeteram ao 
TOF em nossa instituição de 1987 a março de 2009 foram incluídos. 
O OR ajustado da associação RVQ-SPR foi obtido através do modelo 
de regressão logística, incluindo oito variáveis de confusão.

RESULTADOS: A proporção de pacientes que desenvolveram SPR 
foi maior nos pacientes com RVQ identificada como boa (75,8%) do 
que naqueles com RVQ média ou baixa; o risco relativo ao comparar 
a RVQ de boa qualidade com a RVQ de baixa qualidade foi de 12,9 
(IC 95%: 2,1 – 528,8). O OR ajustado foi de 132,9 (IC 95%: 10,5 – 
1688,6) quando a RVQ de boa e baixa qualidade foram comparadas 
e de 90,9 (IC 95%: 13,8-645,2) comparando a RVQ boa com a inter-
mediária.

CONCLUSÕES: De acordo com nossos resultados, a RVQ pode ser 
considerada um bom fator preditivo da SPR.

Unitermos: CIRURGIA, Transplante: fígado; FATORES DE RISCO; 
REPERFUSÃO

SUMMARY
Cordoví de Armas L; Jiménez Paneque RE; Gala López B; Rápalo 
Romero EI; Añuez Castillo Y; Vallongo Menéndez MB – Rapid and 
Homogeneous Reperfusion as a Risk Factor for Postreperfusion Syn-
drome during Orthotopic Liver Transplantation.

BACKGROUND AND OBJECTIVES: The revascularization of the 
graft remains as a crucial instant of the orthotopic liver transplanta-
tion (OLT) surgical procedure. About a third of the recipients suffer 
the postreperfusion syndrome (PRS), a combination of hypothermia, 
metabolic disorders and cardiovascular instability potentially lead-
ing to cardiac arrest. The objective of this study was to evaluate the 
speed-quality (SQR) of the graft`s reperfusion as an independent pre-
dictor of PRS.

METHODS: All eligible patients receiving an OLT in our institution 
from 1987 to march 2009 were included. The adjusted OR for SQR-
PRS association was obtained by means of logistic regression model-
ing including eight potential confounders.

RESULTS: The proportion of recipients suffering PRS was highest 
when the SQR was identified as good (75.8%) compared to those 
with middle or poor SQR; the relative risk comparing good SQR 
with poor SQR was 12.9 (CI 95%: 2.1-528.8). The adjusted OR 
was 132.9 (95% CI: 10.5-1688.6) when comparing good with bad 
SQR and 90.9 (95% CI: 13.8-645.2) when comparing good with 
intermediate SQR.

CONCLUSIONS: According to our results, SQR can be considered 
an unambiguous predictor of PRS.

Keywords: SURGERY, Transplantation:liver; RISK FACTORS; RE-
PERFUSION.
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INTRODUCTION

In spite of the progress achieved in all spheres linked to the or-
thotopic liver transplantation (OLT), the revascularization of the 
graft remains a crucial instant of the surgical intervention 1,2.
Between eight and 30% of recipients suffer the so-called 
postreperfusion syndrome (PRS) 3,4. This syndrome is charac-
terized by a combination of hypothermia, metabolic disorders 
and cardiovascular instability. Thus, if PRS is not foreseen and 
treated, it can even drive the patient to a cardiac arrest 5-6.
The actions executed by the anesthesiologist have been stan-
dardized with the aim of facing five distinctive components of 
the PRS 6-8: acidemia, hyperkalemia, ionic hypocalcemia, heart 
depression and vasoplegia, which may occur in sequence dur-
ing the blood flow through the grafted liver. But the PRS does 
not come about in all OLT’s with same severity neither has been 
invoked a way to predict its occurrence. Thus, it is not discarded 
that maneuvers (intravenous administration of calcium, bicar-
bonate and possibly adrenaline) that so far have characterized 
its prevention could also entail serious consequences 9. It is 
therefore understood the importance of clinical indicators which 

not only could contribute to prevent PRS’s onset but to perform 
its treatment adjusted to the necessities of each recipient.
Ever since the first experiences obtained by the authors of this 
study in 1987 a suspicion arose that the greater the speed and 
uniformity of the reperfusion of the donor liver, the higher the 
frequency PRS may occur.
Some studies report the use of devices for measuring blood 
flow through the liver but they all evaluate the relation be-
tween quantitative aspects of the flow post-reperfusion and 
the organ function or their impact on the ischemia-reperfusion 
injury, both in the medium term 10-12.
The study of possible associations between the flow levels mea-
sured during reperfusion and the incidence of the PRS is not 
reported strongly. In a single retrospective study reported by 
Nanashima et al., portal venous and hepatic arterial flow rates 
measurements did not show any association with PRS occur-
rence but authors only give details about the device employed 
by omitting the chronologic particulars of these instrumentations 
so they did not explain the time elapsed between the beginning 
of revascularization and flow rate measurements 13.
We hypothesized that if the revascularization of the liver happens 
immediate and homogeneously the irruption of mediators into 
the blood circulation would reach high concentrations in only few 
seconds leading to serious cardiovascular consequences. The 
aim of the present study was to demonstrate this hypothesis.

METHODS

The surgical unit of the institution where this research was car-
ried out has 14 operating rooms, and more than 1500 surgical 
procedures yearly are conducted there. Among these are the 
OLT’s of which 138 have been carried out from 1987 to date.
All patients receiving an OLT were included in the study provided 
they met the following inclusion criteria: hepatic cirrhosis with a 
Child-Pugh score over nine points, age between 18 and 60 years, 
no lung hypertension or serum creatinine over 1.5 mg.dL-1. The 
donor must have been under 80 years of age and could not be 
supported with alpha-agonist agents, nor be in cardiac death. 
The donor liver must have been free of steatosis signs and total 
time of ischemia under eight hours. The surgical technique must 
have been hepatectomy with cava vein preservation (Piggyback) 
with or without temporary portocaval shunt (PCS); preservation 
solution must have been University of Wisconsin (UW) [DuPont, 
Bad Homburg, Germany], Celsior [SangStat. Lyon, France] or 
histidine-tryptophan-ketoglutarate (HTK) [Dr. Kohler Chemie 
GmbH. Alsbach, Germany].
We excluded recipients with contraindications for aprotinine ad-
ministration and those which in the moment of the reperfusion 
exhibited for any reason a cardiac index decrease > 20% of the 
one registered one hour after beginning the surgical procedure. 
Briefly, we excluded those reperfusions influenced by a deterio-
rated general hemodynamic. Retrasplants and OLT combined 
with other organ transplants were excluded as well. Patients with 
mean arterial pressure, recorded one hour after beginning the 
surgical intervention, under 30% of the baseline for at least 1 
minute following the onset of the circulation through the porta 
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and cava veins, were considered as having a PRS.
The principles of this definition were uttered in 1987 and it has 
been used later on in other works 3,5,7. The fact that OLT’s require 
more than one surgeon, allows a multiple visual evaluation of 
what we have called reperfusion’s speed-quality (SQR), the main 
predictor considered herein. For the definition of this variable we 
took into account 2 criteria: 1) chronological criterion: quick rep-
erfusion, if it begins in 30 seconds or less after unclamping vena 
porta and receiving the surgeons simultaneous warning. It was 
measured with a chronometer by the anesthesiologist himself 
who observed and registered the data, and 2) qualitative criteri-
on; homogeneous reperfusion, if the whole surface of the grafted 
liver changes its pale gray-rosy color (due to the blood exclusion 
caused by the retrieval process, perfusion and conservation) to 
a red-violet color, shining and uniform, typical of the venous hy-
peremia. The latter criterion assessment was done by each of 
the surgeons who, immediately after the operation, answered the 
following question on a printed form: “Do you consider the rep-
erfusion took place in a satisfactorily homogeneous way?” Yes / 
No. Express your personal opinion.
The authors determined that the reperfusion could be deemed 
as good (G) if both criteria were achieved, middle (M) if only 
one of both criteria was achieved and poor (P) if none of both 
criteria was achieved. Between 2 and 4 surgeons participated 
in each operation, thus, if there was no agreement regarding 
homogeneity of the reperfusion it was considered as middle.
We considered the donors age, ICU length of stay of donor (in 
hours), recipient’s age, sex and Child-Pugh score, preserva-
tion solution used, use or not of PCS, and total ischemia time 
as potential confounders.
Univariate association between categorical variables, includ-
ing SQR, and the onset of PRS was assessed with Chi square 
test. The relative risk (RR) of PRS was also estimated with 
95% confidence interval. For quantitative predictors we used 
Student’s t test for comparing means between those who had 

PRS with those who did not. The OR of SQR-PRS association 
adjusted for the potential confounders was obtained by means 
of the logistic regression model. The variables were included 
in two blocks, confounders in one block and the main predic-
tor in the other. Data were processed with SPSS v. 11.5.1. 
(SPSS Inc., Chicago, IL)
All information related with the identity of the patients and of 
the surgeons was omitted in the analysis of the data, thus, it 
was not necessary to obtain the informed consent of the pa-
tients for research purposes. The project was approved by the 
Scientific Commission and the Research Ethics Committee of 
the Institution. All the transplants carried out in the institution 
require the patients sign a written informed consent.

RESULTS

Table I displays the results of the univariate statistical analysis 
looking for an association between the studied categorical vari-
ables and the occurrence or not of the PRS, especially SQR. No 
significant associations were found between the onset of PRS 
and the sex of the recipient, the realization of PCS or the type of 
preservation solution. The proportion of recipients suffering PRS 
was highest when the SQR was identified as good (75.8%) com-
pared to those with middle or poor SQR; the relative risk compar-
ing good SQR with poor SQR was 12.9 (IC 95%: 2.1-528.8).
No significant differences were found between means of quan-
titative variables in those with and without PRS (Table II).
When including all potential confounders in a logistic regres-
sion model (Table III), only SQR showed significant indepen-
dent association with the onset of PRS. The adjusted OR was 
132.9 (95% CI: 10.5-1688.6) when comparing good with bad 
SQR; 90.9 (95% CI: 13.8-645.2) when comparing good with 
intermediate SQR. Adjusted OR comparing intermediate with 
bad SQR was not significant (1.4 95% CI: 0.1-14.6 N.S.).

Table I – Onset of Postreperfusion Syndrome and Relative Risk According to Levels of Categorical Variables 

Variables

Onset of PRS

p
Relative 

risk

95% confidence interval for relative risk

n n / total Percentage Lower Upper

Sex

0.717 Male 20 20 / 63 31.70 1 – –

 Female 11 11 / 31 35.50 0.89 0.43 1.87

SQR

< 0.001
 Poor 1 1 / 17 5.90 1 – –

 Intermediate 5 5 / 44 11.40 1.93 0.22 91.40

 Good 25 25 / 33 75.80 12.88 2.11 528.77

PCS

0.884 No 25 25 / 75 33.30 1 – –

 Yes 6 6 / 19 31.60 0.95 0.32 2.37

Preservation Solution

0.444
 Wisconsin 21 21 / 55 38.20 1.53 0.37 13.44

 HTK 8 8 / 31 25.80 1.03 0.21 9.98

 Celsior 2 2 / 8 25.00 1 – –

SQR – Speed-quality of reperfusion; PCS – Temporary porto-cava shunt; HTK – Histidine-tryptophan-ketoglutarate
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DISCUSSION

There are not consistent researches to identify a potential as-
sociation between the reperfusion speed-quality of the liver 
grafted and the onset of PRS.
Some studies have been designed with the goal of finding pre-
dictors of the graft future function or other conditions associat-
ed to the tissue damage emerging from the ischemia-reperfu-
sion injury and its further influence in the rejection phenomena 
as well as in the immune-suppression therapy decisions in the 
medium term 10-12,14. These studies were not meant to identify 
a relationship between the trans-visceral flow and the occur-
rence of PRS as a possible intra-operative event.
In an effort to compensate the technical limitation of not us-
ing flow-measuring devices which could objectively assess 
the SQR, we have chosen an evaluation made by the acting 
surgeons who ignored the purpose of the posed question. It 
is not discarded that this “humanized” form of evaluating the 
SQR could even be better than some devices which can only 
measure blood flow and not homogeneity.
The anatomical and functional distortions observed in the 
vascular bed of the patient with liver cirrhosis and ad-
vanced hepatic failure, propitiate a particular phenomenon 

described in a recent work: in some patients the portal flow 
after the OLT may remain insufficient due to the existence 
of a number of collateral portosystemic shunts with enough 
caliber to divert the graft’s portal flow 12. This circulatory 
condition would explain by itself a wide range of the portal 
flow intensities at the moment of the reperfusion together 
with a variety of chemical and hemodynamic responses. 
The existence of a variety of portosystemic outflows ex-
plains, at least partially, the association between the SQR 
and the PRS onset. Provided the portal flow is not dam-
aged, better SQR could be obtained together with a high 
probability of the onset of PRS.
The virtual absence of published studies assessing this prob-
able association could be explained with at least two lines of 
reasoning: 1) the PRS is a sudden and potentially lethal com-
plication whose complexity hinders the use of devices that 
could obstruct emergent actions possibly needed in those cir-
cumstances, 2) it is difficult to design prospective studies with 
an appropriate number of groups and variables. In a study 
published in 2003 including more than 180 OLT, 34 variables 
with potential association to the PRS are involved. 8 None of 
them accounted for the quality or speed of reperfusion.
The hypothesis enunciated here connotes an analogy between 

Table II – Mean and Standard Deviation for Quantitative Variables According to Onset of Postreperfusion Syndrome.

Variables
PRS No PRS Yes Total

paMean SD Mean SD Mean SD

Donor age (years) 34.94 10.99 37.35 12.58 35.73 11.53 0.342

Donor length of ICU stay (hs) 61.30 30.45 62.58 35.07 61.72 31.86 0.856

Total ischemia time (hs)  6.73  0.74  6.75  0.85  6.74  0.78 0.930

Recipient age (years) 45.11  8.74 41.90 11.39 44.05  9.75 0.135

Child-Pugh score 11.25  1.71 11.42  1.31 11.31  1.59 0.637
a Student t test

Table III – Logistic Regression Results

Variables a
Regression 
coefficient SE p

Adjusted 
odds ratio

95% CI for adjusted odds ration

Lower Upper

Recipient gender  1.14 0.77 0.14   3.11  0.68 14.18

Recipient age -0.02 0.04 0.53   0.98  0.91  1.05

Child-Pugh score -0.15 0.25 0.53   0.86  0.53  1.39

Total ischemia time -0.15 0.45 0.73   0.86  0.35  2.09

Donor age  0.06 0.04 0.10   1.06  0.99  1.14

Donor Length of ICU stay  0.01 0.01 0.60   1.01  0.99  1.03

PCS performance -1.08 0.86 0.21   0.34  0.06  1.83

Preservation solution b 0.08

Preservation solution (Wisconsin)  2.91 1.39 0.04  18.30  1.21 276.90

Preservation solution (HTK)  1.73 1.32 0.19   5.63  0.43  74.44

SQR c 0.00

SQR (intermediate)  0.34 1.20 0.78   1.41  0.14  14.63

SQR (good)  4.89 1.30 0.00 132.91 10.46 1688.55

Constant -4.17 5.06 0.41   0.02

a. Variables included in two blocks: Block 1: all potential confounders; Block 2: SQR (Speed-quality of reperfusion)
b. Dummy for preservation solution: reference Celsior. Adjusted OR Wisconsin/HTK = 3.25 (p=0.134)
c. Dummy for SQR: reference (bad quality). Adjusted OR good/intermediate = 94.54) (95% CI: 13.85-645.16) (p=0.002)
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RESUMEN
Cordoví de Armas L; Jiménez Paneque RE; Gala López B; Rápalo 
Romero EI; Añuez Castillo Y; Vallongo Menéndez MB – Reperfusión 
Rápida Y Homogénea Como Factor De Riesgo Del Síndrome Post-
Reperfusión Hepática Durante Transplante Ortotópico De Hígado.

JUSTIFICATIVA Y OBJETIVOS: La revascularización del órgano trans-
plantado es un momento crucial en el transplante ortotópico de hígado 
(TOH). Aproximadamente un tercio de los pacientes debuta con síndro-
me de post-reperfusión hepática (SPR), una combinación de hipotermia, 
desórdenes metabólicos e inestabilidad cardiovascular que pueden 
conllevar a la parada cardíaca. El objetivo de este estudio fue evaluar la 
relación velocidad-calidad (RVC), de la reperfusión del órgano transplan-
tado como factor independiente de predicción de la SPR.

MÉTODOS: Todos los pacientes elegibles que se sometieron al TOH 
en nuestra institución desde 1987 a marzo de 2009, estuvieron in-
cluidos en el estudio. El OR ajustado de la asociación RVC-SPR, se 
obtuvo a través del modelo de regresión logística, incluyendo ocho 
variables de confusión.

RESULTADOS: La proporción de pacientes que debutaron con SPR fue 
más elevada en los pacientes con RVC identificada como buena (75,8%), 
que en aquellos con RVC media o baja; el riesgo relativo al comparar la 
RVC de buena calidad con la RVC de baja calidad fue de 12,9 (IC 95%: 
2,1 – 528,8). El OR ajustado fue de 132,9 (IC 95%: 10,5 – 1688,6) cuando 
la RVC de buena y baja calidad fueron comparadas, y de 90,9 (IC 95%: 
13,8-645,2) comparando la RVC buena con la intermedia.

CONCLUSIONES: De acuerdo con nuestros resultados, la RVC pue-
de ser considerada como un buen factor predictivo de la SPR.

the blood emerging from the graft and any drug or agent whose 
quick intravenous injection could cause unexpectedly high plas-
ma concentrations with deleterious effects for the cardiovascu-
lar system. If PRS is an entity originated by the chemical nature 
(electrolytes, as potassium hydrogen-ions or other substances 
derived from the ischemic injury, or a combination of all them), 
and the low temperature of the blood coming from the liver and 
the congestive bowel, then the notion that a high flow could con-
stitute a risk factor for the onset of this manifestation is plausible. 
A homogeneous and briefly launched reperfusion (good SQR) 
as suggested by the results of this study, should be considered 
an important risk factor for the PRS. The wide confidence interval 
obtained for the adjusted odds ratio reflects imprecision caused 
by the relatively small number of studied cases but leaves no 
doubt about the existence of such association.
An important reason for this reduced number of OLT is that 
before 2001 we had a protocol with more rigid criteria for do-
nor selection, for example, less than 51 years old, no support 
with alpha-agonist drugs, PEEP below three cm H2O, no evi-
dence of liver steatosis, no cardiac arrest history and others.
The results of the present study lead to two practical sugges-
tions: first; the anesthesiologist would have to share his atten-
tion between the screens of the monitors and a strict obser-
vance of the speed-quality of the reperfusion taking place and 
with these integrated information regulate the rate with which 
he/she performs usual administrations of drugs to neutralize 
the effects of the blood coming from the portal bed whose 
degree of cellular integrity is unknown; second; it would be 
necessary to evaluate the convenience of practicing the arte-
rial revascularization in the first place allowing the reperfusion 
to take place with less speed and more oxygen content. The 
latter alternative is opposed to the results of a study in 2006 
where it is concluded that this variant offers advantages only 
for the recipients with a limited functional capacity due to a 
limited myocardial contractility 16.
Future prospective designs, with more patients and the use of 
some device to measure blood flow through the suprahepatic 
vena cava, could contribute to confirm the results of the pres-
ent study.
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