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A single-center experience with retrograde
reperfusion in liver transplantation

Abstract Poor graft function
secondary to injury by ischemia and
reperfusion remains a major prob-
lem with regard to morbidity and
mortality in clinical liver transplan-
tation (LTX). Up to one fifth of
patients suffer from poor initial liver
function due to severe damage to
hepatocytes. This situation leads
either to primary nonfunction
described in approximately 6% of
LTX or to slow recovery. We pres-
ent a new method of reperfusion
during LTX. From July 1998 to July
2002, 42 LTX in 39 recipients, (10
female, 52 years old (26-70) were
performed. LTX was carried out in
piggy-back technique. After com-
pleting the piggy-back anastomosis,
the caval vein was declamped
immediately, and retrograde low
pressure reperfusion of the graft
with low oxygenated venous blood
was established. Portal anastomosis
was performed using a running
suture. In order to provide optimal
retrograde liver perfusion, no
clamping of the donor portal vein
was done. After completing portal
anastomosis, the recipient portal
vein was declamped immediately.
During arterial anastomosis, the
transplanted liver was antegradely
perfused via the portal vein. After
completing hepatic artery anasto-
mosis, declamping of the hepatic
artery was done and arterial perfu-

sion started. No backtable or in-situ-
flushing except the described reper-
fusion technique was performed.
Forty-two LTX in 39 recipients
using piggy-back technique and ret-
rograde reperfusion via the caval
vein followed by antegrade reperfu-
sion via the portal vein were
performed; 38 out of 39 patients
(97.44%) were alive and well at

day 8 after LTX. One patient
(2.56%) died of a pre-existing portal
vein thrombosis on day 2 after LTX.
Three patients had to undergo
retransplantation for hepatic artery
thrombosis (7.14%). Liver enzymes,
bilirubine, prothrombine time and
AT III on day 1, 3, 5 and 8 after
LTX showed favourable values.
Median aspartate aminotransferase
(ASAT) was 219 U/l on day 1 after
LTX. One-month survival rate was
95.23%, and 1-year survival rate
87.88%. Two patients died of liver-
associated causes (5.12%). One pa-
tient died of a late hepatic artery
thrombosis, and one more of rejec-
tion. No other severe case of rejec-
tion appeared. We can conclude that
retrograde reperfusion might be
highly sufficient method of removing
perfusion fluid from the trans-
planted liver. Low pressure perfu-
sion with low oxygenated blood
might reduce the production of free
oxygen radicals. Retrograde reper-
fusion via the caval vein and
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antegrade reperfusion via the portal
vein seemed to lower postoperative
liver enzyme values and to improve
initial liver function after LTX.

Introduction

Liver transplantation (LTX) is the treatment of choice
for patients with end-stage liver disease. Although the
techniques for LTX have become standardized since
Starzl described the first series of successful liver trans-
plantations [1], controversy continues. One area which
has been investigated with several studies, is the tech-
nique of flushing and/or reperfusing the liver during
transplantation [2, 3, 4]. Nevertheless, liver retrieval and
implantation are invariably associated with graft dam-
age due to cold and warm ischemia and reperfusion.
These processes result in cell damage, which may lead to
non-function of an otherwise viable organ. The devel-
opment and use of Belzer’s University of Wisconsin
(UW) solution resulted in the decrease of endothelial cell
death after reperfusion of livers stored in UW solution
[5]. Despite these improvements, primary graft dys-
function secondary to injury by ischemia and reperfu-
sion remains a major problem with regard to morbidity
and mortality in clinical LTX [6]. Up to one fifth of the
patients [7] suffer from poor initial liver function due to
severe hepatocyte damage, with concomitant borderline
synthetic and metabolic activity. This situation leads
either to primary nonfunction described in approxi-
mately 6% of LTX [8] or to slow recovery [9].

The characteristic injury from cold preservation and
reperfusion that becomes manifest in liver allografts
following transplantation has been focus of intensive
research [10, 11]. Several studies have identified the
sinusoidal endothelial cells as the primary targets of this
process, while hepatocytes are significantly less vulner-
able to the effects of cold preservation and reperfusion
[12]. Injury of the sinusoidal lining is characterized by a
loss of cell integrity, Kupffer cell activation and the
subsequent release of lysosomal enzymes and potent
mediators [13], which may lead to aggravation of post-
transplant liver injury, including secondary damage of
hepatocytes [6]. During the perioperative phase of LTX,
cytokines play an important role in the regulatory pro-
cess. Among others, tumor necrosis factor-« (TNF-a)
and interleukin-6 interact with blood-cells and non-
parenchymal liver-cells, such as Kupffer-cells and sinu-
soidal endothelial cells [14, 15].

Although numerous studies have investigated the
mechanisms of preservation and reperfusion injury,
these processes are not completely understood. Never-
theless, much work has been done to find possibilities to
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decrease preservation and reperfusion injury. For
example, the destruction of Kupffer cells is very effective
in preventing ischemia-reperfusion injury [16]. Treat-
ment with gadolinium chloride destroys more than 80%
of Kupffer cells, diminishes the production of reactive
oxygen species and the liberation of inflammatory
mediators. Interlenkin-10 (IL-10) was found to suppress
the production of cytokine, free oxygen radical and nitric
oxide derivates. These functions of IL-10 suggest that its
administration might inhibit reperfusion injury [17].

Much work has been done to improve the effective-
ness of UW solution by simplifying its composition or
adding other compounds. One of these numerous studies
showed that high-Na™ low K* UW cold storage solu-
tion reduces reperfusion injuries of the rat liver graft
[18]. Other results indicate that supplementation of UW
solution with the bile salt taurourodeoxycholic acid
(TUDCA) is associated with less frequent and less severe
ultrastructural damage of hepatocytes and endothelial
cells and lower release of cytolytic enzymes [19].

Although numerous studies have investigated meth-
ods of reducing reperfusion injury, no generally accepted
protocol to minimize liver dysfunction after the ischemic
periods exists. We present a new method of reperfusion
in LTX, leading to reduction of reperfusion injury.
Retrograde reperfusion via the caval vein and antegrade
reperfusion via the portal vein lowered postoperative
liver enzyme values and improved initial liver function
after LTX.

Materials and methods

In order to evaluate retrograde reperfusion during LTX, a retro-
spective study over the last 4 years was performed. To monitor the
integrity of hepatocytes after liver transplantation, aspartate ami-
notransferase (ASAT) values on day 1, 3, 5 and 8 have been se-
lected. ASAT is located within hepatocytes (32% cytosol and 68%
mitochondrial), has a short half-life time (17 h, versus 47 h of
ALAT) and is increased after severe cell damage. ASAT elevations
due to skeletal or myocardial muscle damage can occur, but are not
likely to influence the results. Poor early graft function was defined
as peak ASAT >2500 U/L. Poor early graft function causing
reLTX or death within 14 days was called primary nonfunction.

Patients

From July 1998 to July 2002, 42 consecutive L'TX in 39 recipients,
10 female, 52 years old (26-70) were performed. Indications for
liver transplantation were hepatitis B and/or C (13), alcoholic cir-
rhosis (12), hepatocellular carcinoma (8), primary biliary cirrhosis



732

(2), o-l-antitrypsin deficiency (2), autoimmune hepatitis (1) and
Wilson’s syndrome (1).

Surgical technique

The donor liver was harvested using standard techniques. Univer-
sity of Wisconsin (UW) solution was used in 32 cases and Histi-
dine-Tryptophan-Ketoglutarat (HTK) solution in 10 cases.
Recipient hepatectomy included preservation of the caval vein for
piggy-back technique. The hepatic veins were closed with running
monofile sutures. Partial clamping of the caval vein enabled a
midline, longitudinal caval incision of about 4-5 cm and preser-
vation of the caval blood flow. After completing piggy-back
anastomosis, the caval vein was declamped immediately, and ret-
rograde low pressure reperfusion of the graft with low oxygenated
venous blood was established. Central venous pressure was in-
tended to be higher than 8 mm Hg to enable appropriate retro-
grade reperfusion of the transplanted liver. Significant venous
backflow via the portal vein appears immediately after declamping
the piggy-back anastomosis. Venous bleeding from the liver except
portal backflow was stopped immediately after declamping the
venous anastomosis, as appropriate. Portal anastomosis was per-
formed using a running suture. Venous backflow via the portal vein
was sucked into a cell saver device. In order to provide optimal
retrograde liver perfusion, no clamping of the donor liver portal
vein was done. After completing portal anastomosis, the recipient
portal vein was declamped immediately. Venous bleeding from the
transplanted liver was stopped before hepatic artery anastomosis
was performed. During arterial anastomosis, the transplanted liver
was antegradely perfused via the portal vein. After completing
hepatic artery anastomosis, the hepatic artery was declamped, and
arterial perfusion started. No backtable or in-situ-flushing except
the described reperfusion technique was performed.

Definition of ischemic and anastomosis times

Cold ischemic time is defined as the time from the beginning of
donor liver perfusion to insertion of the liver into the recipient.
Warm ischemic time is defined as the time from insertion of the
liver into the recipient to opening the hepatic artery anastomosis.
Time from the insertion of the liver to declamping of the caval vein
was defined as cavo-caval anastomosis time; time from declamping
the caval vein to declamping the portal vein was defined as portal
anastomosis time, and from this point on, to declamping of the
hepatic artery counted as hepatic artery anastomosis time.

Immunosuppression

During the first week after LTX, all patients received horse ATG
1,5 to 3,3 mg/kg per day (lymphoglobulin, Pasteur Merieux) and a
methylprednisolone taper starting with 70 mg every 6 h. Calci-
neurin inhibitors were initiated according to the kidney function
between day 1 and 3, and standard trough levels were intended to
be reached on day 7. From day 7, aprednisolon was given at
15 mg/d and tapered after the first month. Not later than 3 months
after LTX, all patients were off steroids. MMF was started orally
between days 2 and 7 with target MPA through levels about 1 pg/
ml after day 7.

Patient monitoring

Liver enzymes, bilirubine, prothrombine time and AT III were
observed simultaneously during the first week after LTX.

Furthermore, graft and patient survival, rejection rate, adaptation
of immunosuppression and complications of all patients are mon-
itored up to the present.

Statistical analysis

Data are presented as mean/standard deviation or mean/range, as
appropriate. Laboratory values are shown as box and whiskers
plots with descriptive statistics. The horizontal lines from bottom
to top meaning the lower limit, the 25th quartile, the median
(MED), the 75th quartile and the upper limit. *“+” indicate out-
liners.

Results

Of 39 patients, 38 (97,4%) were alive and well at day 8
after LTX. One patient died of a pre-existing portal vein
thrombosis on day 2 after LTX. Retransplantation was
indicated and performed in 3 patients due to hepatic
artery thrombosis. Times for ischemia, anastomosis and
reperfusion are displayed in Table 1. During LTX 6,1
(1-19) packed red cells, 10,7 (1-20) fresh frozen plasma
and 1,9 (1-6) packed platelets were used. A total of
3248,3 ml (1077-8500) were vacuumed off with the
cellsaver device.

In contradiction to the literature [20], circulatory
problems or electrolyte imbalance after declamping any
of the anastomoses were very uncommon. A postreper-
fusion syndrom, defined as a drop of arterial blood
pressure > 30% pulmonary hypertension or low cardiac
output, was observed in 2 patients. No or poor venous
perfusion and highest liver enzymes in this series was
observed in these patients.

Table 1 Times for ischemia, anastomosis and reperfusion

Times Minutes
Cold ischemic time 294 + 31
Warm ischemic time 90+23
Cavo-caval anastomosis time 2247
Portal vein anastomosis time 2349
Hepatic artery anastomosis time 36+12
Time of retrograde reperfusion 2349
Time of antegrade reperfusion 36+12

Table 2 Liver enzymes, bilirubin, prothrombine time and AT 111
on day 1, 3, 5 and 8 after LTX, mean values

POD 1 POD 3 POD 5 POD 8
ASA U/L 219 72 32 13
ALAT U/L 177 125 89 55
GGT U/L 37 88 125 103
Bilirubin mg/dl 2,7 1,7 2 1.8
PT % 72 91 88 92
AT III % 61 78 89 90
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Fig. 2 The course of ALAT during the first week after LTX
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Fig. 3 The course of GGT during the first week after LTX

Liver enzymes, bilirubine, prothrombine time and AT
III on day 1, 3, 5 and 8 after LTX showed favourable
values and are displayed in Table 2. The course of
ASAT, ALAT, GGT, CHE, Quick and AT UI during
the first week after LTX is presented in box-blots
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Fig. 6 The course of AT III during the first week after LTX

(Figs. 1, 2, 3, 4, 5, 6). Except in the 3 patients presenting
with hepatic artery thrombosis, primary nonfunction or

poor early graft function did not occur.
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Patients receiving grafts procured far away had a
significantly longer ischemic time. No statistically
significant differences between these subgroups were
found with respect to liver enzymes, bilirubine,
prothrombine time and AT I1I on day 1, 3, 5 and 8 after
LTX. Furthermore, there were no differences between
livers perfused with UW and HTK solution. No corre-
lation could be found between any parameter and the
immunosuppressive regimen (cyclosporine/mycopheno-
late mofetil/cortisone or tacrolimus/mycophenolate
mofetil/cortisone).

The 1-month survival rate was 95,23%, the 1-year
survival rate to 87,88% and the 3-year survival rate to
76,92%. Among the 8 patients who died, 4 had a fully
functioning graft. Liver-associated causes of death were
pre-existing portal vein thrombosis on day 2 after LTX
(1), rejection (1), late hepatic artery thrombosis (1) and
recurrence of hepatocellular carcinoma (1). Non-liver
associated causes of death occurred in 4 patients (sepsis
2, cerebral apoplexy 1, suicide 1). In one patient, sepsis
developed after retransplantation and Friedldnder’s
pneumonia. The other patient came with perforated
appendicitis exacerbating to sepsis.

Rejection rate was 2,56%. Severe rejection was found
only in 1 patient. Rejection therapy with ATG was
necessary in 1 patient, 3 patients received pulsed ste-
roids. Mild rejection as an increase of respective labo-
ratory values was in general successfully managed by
adaption of immunosuppressive therapy.

Infections occurred in 25 cases. Beside recurrence of
pretransplant existing infection (hepatitis C recurrence
6, hepatitis B recurrence 2) viral infections happened in 8
patients (zoster 3, cytomegalovirus infection 5). No
death was caused by viral infection. Bacterial infections
appeared in 7 cases (pneumonia 3, erysipelas 2, urinary
tract infection 2). 2 patients died of bacterial infections
(described under sepsis). Fungal infections were found in
2 cases (aspergillus pneumonia, candida esophagitis).
No patient died of fungal infection.

Discussion

Experimental studies have demonstrated, that the main
part of the liver injury caused by low or no perfusion
does not occur at the time of hypoxia, but during rep-
erfusion [21]. In the first description of human liver
transplantation by Starzl et al. [22] in 1963, the hepatic
artery was used for initial reperfusion of the liver before
portal venous flow was restored. Another approach was
to reperfuse the liver via the portal vein. This is a low
resistance circulation that carries a greater blood supply
than the hepatic arterial system. Oxygen saturation in
the portal venous system is low, but due to its greater
blood flow, oxygen supply to the liver is comparable to
that provided by the hepatic artery. No clinically

significant differences in early graft function between
hepatic artery and portal vein reperfusion during LTX
have been found [3]. Two recent human studies suggest
that simultaneous portal vein and hepatic artery
reperfusion may reduce biliary complications [4, 23], and
animal studies indicate that simultaneous [24] or pri-
mary hepatic artery [25] reperfusion may reduce ische-
mia reperfusion injury. We present a new method of
reperfusion in LTX leading to reduction of reperfusion
injury. Retrograde reperfusion via the caval vein and
antegrade reperfusion via the portal vein lowered post-
operative liver enzyme values and improved initial liver
function after LTX. In the literature, standard reperfu-
sion peak levels of ASAT about 638 156 U/l after LTX
were described [26]. In our patients, we reduced post-
operative liver enzyme values (ASAT) of about mean
219 U/L

According to our experience, retrograde perfusion
efficiently removes perfusion fluid from the transplanted
liver. Furthermore, we hypothesize that low pressure
perfusion with low-oxygenated blood reduces the pro-
duction of free oxygen radicals. Improvement of initial
graft liver function by retrograde reperfusion during
LTX might provide substantial benefits for the graft
recipient: immediate clotting, rapid elimination of
metabolites and toxic agents and earlier recovery.

No or poor venous reperfusion was observed in pa-
tients with the highest liver enzymes. Thus we suppose,
the better the reperfusion, the lower are the postopera-
tive liver enzyme values. Graft reperfusion during LTX
is generally associated with a variety of transient he-
modynamic disturbances. Systemic hypotension and
pulmonary hypertension are the predominant physio-
logic changes. About 1 of 3 patients undergoing LTX
develop postreperfusion syndrome in which severe
hypotension occurs [20]. We noticed a markedly reduced
incidence of postreperfusion syndrome (4,76%). In
general, we do not observe hyperkaliemia, pulmonary
hypertension, right heart failure, or low cardiac output
after declamping any of the anastomosis.

A discrepancy exists worldwide between the number
of suitable liver donors and the increasing demand for
organs. Therefore, many centers have considered wid-
ening their liver donor acceptance criteria, and this may
increase the incidence of primary dysfunction with
negative effects on the results of transplantation. Donor
age, steatosis, ischemia time, hypotension and ICU stay
were risk factors associated with higher incidence of
primary dysfunction [27]. Combination of risk factors
should be avoided, and ischemia time, as the only vari-
able that can be controlled, should be kept as short as
possible. With the technique of retrograde reperfusion,
more marginal donor livers could be accepted for LTX,
even with expanding of ischemia time. The number of
liver transplantations could be increased, and mortality
on the waiting list could be decreased.
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The results of our retrospective study demonstrate
that retrograde reperfusion via the caval vein and ante-
grade reperfusion via the portal vein lowered postoper-
ative liver enzyme values and improved initial liver
function after LTX. Reperfusion injury and the inci-
dence of primary nonfunction and dysfunction could be
decreased. Hemodynamic disturbances during LTX

was proposed.

were uncommon, therefore we suppose that the inci-
dence of postreperfusion syndrom could be diminished,
when retrograde reperfusion is performed. To evaluate
the previously obtained retrospective single center re-
sults, a prospective, randomized, open multicenter trial

References

. Starzl TE, Groth CG, Brettschneider L
et al. Orthotopic homotransplantation
of the human liver. Ann Surg 1968; 168:
392

. Millis JM, Melinek J, Csete M et al.
Randomized controlled trial to evaluate

In: Blumgart LH (ed) Surgery of the
liver and biliary tract. Churchill
Livingstone, Edinburgh, 1994

10.

Tkeda T, Yanaga K, Kishikawa K,
Kakizoe S, Shimada M, Sugimachi K.
Ischemic injury in liver transplantation:
difference in injury sites between warm
and cold ischemia in rats. Hepatology
1992; 16: 454

flush and reperfusion techniques in liver  11. Holloway CMB, Harvey PRC, Stras-
transplantation. Transplantation 1997, berg SM. Viability of sinusoidal lining
63: 397403 ) cells in cold preserved rat liver allo-

. Sadler KM, Walsh TS, Garden OJ, Lee grafts. Transplantation 1990; 49: 225
A. Comparison of hepatic artery and 12. Caldwell-Kenkel JC, Currin RT,
portal vein reperfusion during ortho- Tanaka Y, Thurman RG, Lemastes JC.
topic liver transplantation. Transplan- Kupffer cell activation and endothelial
tation 2001; 72: 1680-1684 cell damage after storage of rat livers:

. Massarollo PCB, Mies S, Raia S. effects of reperfusion. Hepatology 1991;
Simultaneous arterial and portal revas- 13: 83-95
cularization in liver transplantation. 13. Rao PN, Liu T, Synder JT, Platt JL,
Transpl Proc 1998; 30: 2883-2884 Starzl TE. Reperfusion injury following

. Kalayoglu M, Sollinger HW, Stratta cold ischemia activates rat liver Kupffer
RJ, D’Allessandro AM, Hoffmann RM, cells. Transpl Proc 1991; 23: 666-669
Pirsch JD, Belzer FO. Extended pres- 14. Welbourn CRB, Goldman G, Paterson
ervation of the liver for clinical trans- IS, Valeri CR, Shepro D, Hechtman.
plantation. Lancet 1988; I: 617-619 Pathophysiology of ischemia reperfu-

. Clavien PA, Harvey PRC, Strasberg sion injury: central role for the neutro-
SM. Preservation and reperfusion inju- phil. Br J Surg 1991; 78: 651-655
ries in liver allografts. Transplantation  15. Gerlach J, Jorres A, Nohr R, Zeilinger
1992; 53: 957-978 K, Spatkowski G, Neuhaus P. Local

. Ploeg FJ, D’Allesandro AM, Knechtle liberation of cytokines during liver
SJ. Risk factors for primary dysfunction preservation. Transpl Int 1999; 12:
after liver transplantation-a multivari- 261-265
ant analysis. Transplantation 1993; 55:  16. limuro Y, Frankenberg MV, Arteel
807-813 GV. Am I Physiol 1997; 272: 1186

. Pruim J, van Woerden WF, Knol Eetal.  17. Yagihashi A, Hirata K, Zou XM et al.
Donor data in liver grafts with primary Downregulation of cytokine-induced
nonfunction-a preliminary analysis by neutrophil chemoattractanis and
the European Registry. Transplant Proc reduction of reperfusion injury in liver
1989; 21: 2383-2384 altograft by interleukin 10. Transpl Proc

. Czerniak A, Mayer D. Early and late 2000; 32: 2302
complications of liver transplantation. 18. Abdennebi HB, Steghens JP, Margonari

J, Ramelia-Virieux S, Barbieux A,
Boillot O. High Na + low K + UW cold
storage solution reduces reperfusion
injuries of the rat liver graft. Transpl Int
1998; 11: 223-230

20.

21.

22.

23,

24.

25.

26.

27.

. Falasca L, Tisane G, Orlando G et al.

Tauroursodeoxycholate reduces ische-
mic damage in human allografts: a
biochemical and ultrastructural study.
Transpl Proc 2000; 32: 49-50

Gabriel A, Muller C, Tuchy G., Hackl
W, Zimpfer M. Reperfusion during
orthotopic liver transplantation: analy-
sis of right ventricular dynamics.
Transplant Proc 1993; 25: 1811-1812
Henrion J. Ischemia/reperfusion injury
of the liver: pathophysiologic hypothe-
ses and potential relevance to human
hypoxic hepatitis. Acta Gastroenterol
Belg 2000; 63: 336-347

Starzl TE, Marchioro TL, von Kaulla
KH. Homotransplantation of the liver
in humans. Surg Gynecol Obstet 1963;
117: 659

Sankary H, McChesney L, Frye E,
Cohn S, Foster P, Williams J. A simple
modification in operative technique can
reduce the incidence of non-anasto-
motic biliary strictures after orthotopic
liver transplantation. Hepatology 1995;
21: 63

Post S, Palma P, Gonzalez AP, Rentsch
M, Menger M. Timing of arterialization
in liver transplantation. Ann Surg 1994;
220: 691

Van As AB, Tyler M, Kahn D. Impact
of early arterialization in the liver allo-
graft. Transplant Proc 1990; 31: 406
Neumann UP, Kaiser U, Langrehr JM
et al. Reduction of reperfusion injury
with prostacyclin 12 after liver trans-
plantation. Transplant Proc 1999; 31:
1029-1030

DeCarlis L, Sansalone CV, Rondinara
GF. Is the use of marginal donors jus-
tified in liver transplantation? Analysis
of results and proposal of modern
criteria. Transpl Int 1996; 9: 414417





