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nalysis of the Liver Effluent as a Marker of Preservation Injury and
arly Graft Performance

.G. Pacheco, O.D.C.E. Silva Jr, A.K. Sankarankutty, and M.A.F. Ribeiro Jr

ABSTRACT

In liver transplantation, the effluent solution, which represents the washout of residual
preservation solution, can be collected before reperfusion to determine the release of the
markers of endothelial cell injury and damage to the liver. The enzyme activities detected
in the washout solution may allow the development of an index that could be clinically
valuable for the prediction of early posttransplant graft function. In the present study, we
collected liver effluents from 47 livers at the time of graft rinsing to measure liver enzymes
(aminotransferases and lactate dehydrogenase) as well as the serum enzyme levels of the
recipients for correlation with early postoperative graft viability (1-month survival). The
patients were divided into two groups: death (D) and survival (S). Nonparametric
statistical analysis was used with the level of significance set at P � .05. Aminotransferases
and lactate dehydrogenase levels higher among the D group (P � .05 for all measure-
ments), leading us to conclude that the effluent represents a good marker of preservation

injury and early graft performance.
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IVER TRANSPLANTATION (OLT) has become the
treatment of choice for patients with end-stage liver

iseases as well as acute liver failure for whom conservative
reatment has proven ineffective. The objective of the
rocedure is to improve patient survival as well as quality of

ife. There are several factors that limit the success of OLT,
he two most feared ones definitely being rejection and
rimary graft dysfunction, which can contribute 15% to
5% to the mortality rate during the first year posttrans-
lantation.1 These complications are also related to pres-
rvation injury, which aggravates the tissue effects of isch-
mia and reperfusion (I/R).2,3 The period of ischemia is
ivided into two phases, cold ischemia time (CIT) and
ormothermic ischemia time. CIT is more prolonged; its
ffects are alleviated due to the low temperature at which
he graft maintained; although normothermic ischemia time
s shorter, it can produce more deleterious effects. Experi-

ental evidence suggests that the endothelial sinusoids are
ore susceptible to hypothermia and hepatocytes, to nor-
othermic ischemia.4 Cellular changes secondary to hyp-

xia have been well documented in the medical litera-
ure.5–9 The damage to the plasma membrane provokes
lectrolyte changes that, accompanied by the loss of mech-
nisms of adenosine triphosphate production, lead to the
nterference with cell synthesis. Calcium deposition pro-

okes mitochondrial membrane dysfunction and possibly z

2010 by Elsevier Inc. All rights reserved.
60 Park Avenue South, New York, NY 10010-1710

ransplantation Proceedings, 42, 435–439 (2010)
rreversible damage, followed by autolysis secondary to
schemia: lysosome edema, endoplasmic reticulum vacuol-
zation, enzyme and protein leakage, and loss of character-
stic cellular compartments. Membrane integrity cannot be

aintained; the cell dies.10

With reperfusion, the energy supply is restored and toxic
etabolites removed. However, reperfusion has severe
etabolic consequences, and causing greater tissue injury

han ischemia. During this period, there is extensive release
f free radicals, loss of endothelial viability in the sinusoids,
ctivation of Kupffer cells, as well as the release of sub-
tances such as tumor necrosis factor (TNF), bradykinins,
nd proteolytic enzymes.11

Calmus et al12 observed a correlation with graft failure,
f increased concentrations of some enzymes in the ex vivo
reservation fluid of the organ to be transplanted: metallo-
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436 PACHECO, SILVA, SANKARANKUTTY ET AL
nd aspartate proteases, and (isoleucine, cysteine, methio-
ine, threonine, and mainly valine) amino acids. These
bservations suggested that the proteolytic activity of the
uid may relate to graft dysfunction during the immediate
ostoperative period. Failure also occurs due to primary
raft dysfunction, complications of the surgical procedure,
rterial thrombosis, and infections, among others, but the
ffects of preservation injury are inevitable for any trans-
lanted liver.13–15 Thus, several efforts are being made to
inimize injury during preservation, mainly concerning the

omposition of the preservation solutions during ischemia
n order to prevent its effects, and the supply of antioxidants
nd substrates that reduce adenosine triphosphate deple-
ion and inhibit proteolysis.16

The term “hepatic effluent of the graft” is defined as the
olution collected from the infrahepatic inferior vena cava
uring graft washing with Ringer’s lactate before graft
eperfusion, seeking to extract the preservation solution as
ell as excess components and residues, especially potas-

ium.
The hepatic effluent has been studied for many years. In

993, Mitsuo and Katsuhiko17 measured ammonia and
actic acid in this effluent, observing that they were signifi-
antly more elevated among livers with a longer CIT. The
ransplant results were worse than for organs whose efflu-
nts contained lower levels of these substances.

Suehiro et al18 in 1997 reported the possible value of
ifferences in the levels of substances in the effluent,

nterpreting such levels as a predictive factor for hepatic
unction of grafts in human beings. They related the
ontents of cytokines, hepatocyte growth factor (HGF),
ascular endothelial growth factor (VEGF), TNF, and
yaluronic acid, to the tissue injury provoked by I/R. In that
tudy, the authors demonstrated that the levels of sub-
tances in the effluent were similar to serum levels and
ould therefore be used as markers.

Alanine aminotransferase (ALT) and aspartate amino-
ransferase (AST), intracellular enzymes mainly synthe-
ized in the liver and universally defined as good markers of
cute hepatic injury,19 can also be measured in effluents.
imilarly, lactic dehydrogenase (LDH), an enzyme present

n the cell cytosol of almost all tissues, acts on the glycolytic
athway, catalyzing the reversible reaction that transforms
yruvic acid to lactic acid in the presence of low cellular
xygen levels or cell injury.20,21

Thus, the aim of the present study was to correlate the
elation of amino transferase and LDH levels in hepatic
ffluents and in the bloodstream of liver graft recipients to
he patient’s course during the first postoperative days. We
lso compared other factors, such as donor and recipient
ges, time of cold and normothermal graft, ischemia, Child-
ugh classification, and patient score using the Model for
nd-stage Liver Disease (MELD) scale, as well as the
istological injury suffered by the graft before and after

eperfusion. l
ATERIALS AND METHODS

e evaluated the hepatic effluents of 47 OLTs from cadaveric
onors, including 37 patients (78.72%) who survived (S group) and
0 (21.27%) who died (D group). The S group consisted of patients
ho survived more than 30 days after transplantation and the D
roup, those who died within 30 days from causes related to the
rocedure. We excluded transplants performed for patients with
cute liver failure, those preserved with substances other than
niversity of Wisconsin (UW) solutions and those in recipients
ho died of undetermined causes or causes not exclusively related

o the period after OLT surgery. After fulfilling the clinical criteria
or OLT, patients included on the waiting list were classified
ccording to blood group and MELD score.

The donor was sent to the operating room for harvesting with
acroscopic evaluation by the surgeon, taking into account the

iver appearance and the presence of possible anatomic variations.
ia cannulation of the distal abdominal aorta and of the portal

ein, we delivered two preservation solutions at 0°C to 4°C: 2000
L of the UW solution into the portal vein and Eurocollins

olution. The removed liver was placed on a tray where it was
erfused with an additional 1000 mL UW divided between the
ortal vein and the hepatic artery.
At the end of the portal vein anastomosis and immediately

efore reperfusion, only a small space was left for the placement of
tube coupled to an infusion flask, which was connected to two

asks of ice-cold Ringer’s lactate (a total amount of 1000 mL) for
raft washing, while the suprahepatic vena cava was still clamped.
he residue of this wash, or effluent, which extravasated through

he infrahepatic vena cava, was collected into five sequential duly
dentified test tubes (approximately 20 mL each). After a complete
ash of the graft, the anastomosis of the portal vein was completed
nd the vena cava and portal vein unclamped for venous reperfu-
ion of the graft. The arterial and biliary anastomoses were then
erformed consecutively.

ESULTS

he mean levels of the ALT, AST, and LDH in the hepatic
ffluent collected into the five flasks are sequentially illus-
rated in Fig 1. These effluent levels were similar to the
erum levels of these enzymes. There was a significant
ifference between groups for all of them (P � .05); a
arked peak was observed in the first flask, mainly among

ecipients who subsequently died.
For all enzymes, the difference between groups was

reater in the first flask of effluent collection and was
educed in the subsequent flasks, where the substances were
ore diluted probably due to the end of graft washing.
After significant differences in both serum and effluent

evels were detected between groups, we determined
hether there was a correlation between the highest levels
y correlating ALT, AST, and LDH levels in the first flask
f collected effluent with the serum levels determined 48
ours after transplantation. We observed a significant cor-
elation in serum and effluent levels for the three enzymes
egardless of group.

Thus, the enzyme levels in the first flask showed a
ehavior similar to the serum levels of these enzyme 48
ours after transplantation, with the D group showing a
arger number of elevated enzymes in both cases (Fig 2).
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ISCUSSION

n most cases, injury due to organ preservation is believed
o be the main factor influencing organ dysfunction, for it
ggravates the effects of I/R.13,14 In the present study, the
old and normothermal ischemia times to which the graft
as exposed during preservation were similar regardless of

he group. Calmus et al12 reported that proteolysis may
ersist during cold ischemia of a graft preserved at 4°C in
W solution. They determined the levels of amino acids,

uch as alanine, cysteine, leucine, isoleucine, methionine,
ysine, and threonine, in the fluid of the tray containing the
reservation solution for the organ to be transplanted at the
eginning and at the end of the preservation period. They
bserved an increased concentration of these substances at
he end of organ preservation, which was directly propor-
ional to the time of graft exposure to cold ischemia.
owever, the same authors observed a correlation of higher

oncentrations, mainly of valine, with graft failure, suggest-
ng that proteolytic activity was related to graft dysfunction
uring the immediate postoperative period and was influ-
nced by the CIT.18 In contrast to Calmus et al,12 we did not
etermine the substances present in the tray containing the
reservation solution, but did not detect a statistically
ignificant difference in the cold and normothermal isch-
mia times that might cause different levels of proteolysis
mong the grafts.

ig 1. (A) Mean alanine aminotransferase (ALT) levels in each fl
roups of surviving and dead recipients. (B) Mean aspactate amin
raft washing and divided for the groups of surviving and dead
f the effluent collected during graft washing and divided for the

ig 2. Panel (A) Correlation of serum alanine aminotransferase (
f the first flask collected (P � .0278; r � .3211). (B) Correlatio
ransplantation with the levels in the effluent of the first flask
ehydrogenase (LDH) levels for all patients calculated by relatin

ffluent flask (P � .002; r � .4460).
Jaeschke13 described the phases of injury due to graft
reservation and observed hypothermia to be less aggres-
ive, although it reduces cell metabolism and produces cell
dema. However, the author stated that UW solution
ontains a lactobinate that protects cells against edema; this
olution was used herein.

It is also known that transplantation failure is mainly due
o primary graft dysfunction, complications of the surgical
rocedure, arterial thrombosis, and infections, among other
actors, but the effects of the injury caused by the preser-
ation solution are inevitable for any transplanted liver.

In an extensive review of the effects of injury due to graft
reservation in liver transplantation, Teoh and Farrell20

tated that sinusoidal endothelial cells and hepatocytes are
he main targets of damage caused by the period of graft
schemia. They concluded that damage to the microcircula-
ion was aggravated by a disequilibrium between vasoconstric-
ors and vasodilators. Exaggerated production of nitric oxide is
onsidered to be the cause of circulatory changes, such as
ypotension and nonresponsiveness to vasoconstrictors. On
his basis, dysfunction of a liver graft during the immediate
ostoperative period may be due to several factors involving
he donor and the recipient, although in most cases it is
ccepted to be due to organ preservation.20,21

Several experimental and clinical studies support the
ypothesis that substrate supply in the preservation solution

f the effluent collected during graft washing and divided for the
sferase (AST) levels in each flask of the effluent collected during

ients. (C) Mean lactic dehydrogenase (LDH) levels in each flask
ups of surviving and dead recipients.

levels 48 hours after transplantation with the levels in the effluent
serum aspartate aminotransferase (AST) levels 48 hours after

lected (P � .005; r � .4877). (C) Correlation of mean lactic
um levels 48 hours after transplantation to the level in the first
ask o
otran

recip
ALT)
n of
col

g ser
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438 PACHECO, SILVA, SANKARANKUTTY ET AL
uring ischemia is important for the maintenance of ATP
evels,21,22 especially during prolonged ischemic periods.

ther studies have suggested that the lack of these sub-
trates reduces phagocytosis and TNF-� regeneration.23

We believe that, in the present study, the measurement of
epatic enzymes both in the effluent and in the blood stream
xpressed the degree of injury suffered by each graft and that
eterminations in the effluents before reperfusion could re-
ect the effects of cold ischemia and of preservation.
Lendoire et al23 divided the hyaluronic acid concentra-

ions in the hepatic effluents of 11 liver transplants into two
roups: high hyaluronic acid levels (�400 �g/L) showing
reater preservation aggression and the other below this
oncentration, considered to have lower aggression. They
orrelated these levels with serum AST and ALT levels as
ell as prothrombin times (PT) and CIT. They did not
etect a correlation between the group with higher hyal-
ronic acid concentrations in the effluents and the mea-
ured substances. In contrast to Lendoire,23 other investi-
ators such as Rao et al24 and Karayalçin et al25 noted
ignificant correlations between hyaluronic acid levels and
raft outcomes, but the substances were not collected from
ffluents but rather from perfusates (ie, immediately after
rgan reperfusion through the portal vein). These authors
oted that most patients who had high hyaluronic acid

evels in the perfusate also had high serum hepatic enzyme
evels but, in contrast to the present study, they did not
ivide the patients into death and survival groups for
orrelations.

In 1997, Suehiro et al18 reported the possible value of
ifferences in the levels of effluent substances of 29 patients
y measuring cytokines, interleukins, HGF, VEGF, TNF,
yaluronic acid, thromboxane, and thrombomodulin. They
elated the levels to patients who had dysfunction during
he first 3 days after transplantation (ie, patients with
levated serum levels of AST and ALT [�2500], as well as

longer PT [�16 minutes]. In that study, the authors
etected higher levels of substances among patients who
xperienced dysfunction after surgery.

Aminotransferases and LDH are also considered to be
xcellent markers of hepatic tissue injury and were chosen
n the present study to correlate with the groups studied by
etermining their concentrations in serum and in the
ffluent in the D and S groups. In contrast to the data cited
bove, we compared the same substances in both the
ffluent and in the bloodstream of surviving and succumb-
ng patients, detecting significant differences between them.

e then decided to calculate a possible correlation between
he serum and effluent levels of these substances. In the
resent study, it was possible to determine that there was no

nfluence on D versus S groups of multiple factors, such as
onor or recipient ages, Child-Pugh classification, recipient
ELD score, or cold and normothermic ischemia times.
The serum levels of ALT, AST, and LDH determined

uring the first 10 days were significantly different between
he two groups (P � .05), showing a marked peak at 48

ours after transplantation, especially in the D group, h
uggesting that the major laboratory manifestation of the
ggression suffered by the graft occured on the second
ostoperative day. Mean AST, ALT, and LDH levels in the
epatic effluent collected into the five flasks differed signif-

cantly between the two groups, a behavior also observed in
erum, as mentioned earlier. In addition, a marked peak of
hese enzymes was observed in the first flask collected,
specially in the D group, due to a greater preservation
njury in this group. In the S group, the enzymes measured
n the five effluent flasks and in serum during the first
ostoperative days were below the general mean in most
atients, suggesting a lower aggression of the graft and
onsequently a better graft prognosis. In contrast, in the D
roup, most patients had enzyme levels above the general
ean both in the effluent and in serum, probably due to

reater preservation injury.
Serum and effluent levels were positively correlate on the

econd postoperative day. We noted that the substances in
he effluent behaved similarly to those in the bloodstream
ost patients with elevated levels of these substances

howed poor outcomes. Thus, by correlating these markers
n both effluent and serum, we obtained an early indicator
f patient course, since in the D group the levels were
igher than in the S group.
This analysis may allow us to use prophylactic or preven-

ive resources for the management of transplanted patients,
uch as antioxidants, or even to assess preservation solu-
ions and the solutions used to wash the graft immediately
efore the execution of the anastomoses. In addition,
easurements of aminotransferases and dehydrogenases in

he collected effluents are easy to perform and low cost.
Bilzer and Gerbes26 presented therapeutic perspectives

or the prevention of cell aggression, especially with regard
o the endogenous content of the antioxidant glutathione
GSH), which is more abundant in the hepatocytes and the
ile when compared to extracellular and plasma concentra-
ions. The authors demonstrated that GSH release by the
epatocytes attenuated the effects of I/R injury, thus show-

ng that infusion of this antioxidant may be useful to prevent
issue aggression.

In the same study, the authors cited reports demonstrat-
ng a reduction of preservation aggression by the use of
trial natriuretic peptide, which acts by inhibiting the effects
f superoxide activated by Kupffer cells.
Knowing that the graft suffers aggression during preser-

ation and during ischemia, it is even more necessary to
dentify as soon as possible the severity of this injury by

eans of easily accessible exams. The effluent is a fluid rich
n markers of tissue injury, which behave in a similar

anner to that of serum liver enzymes, as demonstrated in
he present study by determining correlations. Effluent
nalysis may become part of routine tests at liver transplant
enters, providing the team with an early possibility to
redict graft evolution and thus to attempt to minimize I/R
amage.
In conclusion, substances measured in the effluent be-
aved in a similar manner to the bloodstream; most patients
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LIVER EFFLUENT AND PRESERVATION INJURY 439
ho showed elevated levels displayed poor outcomes. The
epatic effluent can be considered to be a good indicator of
raft damage due to preservation, which in turn is a
redictive factor for the quality of the transplanted liver.
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