
Received: 2020.06.16
Accepted: 2020.11.18

Available online: 2021.01.17
Published: 2021.02.19

Short- and Long-Term Outcomes of Different 
Reperfusion Sequences in Liver Transplantation

 BCEF 1 Ann-Kathrin Eichelmann*
 ABE 1 Thomas Vogel*
 BC 1 Ann-Kathrin Fuchs
 DE 1 Philipp Houben
 BDF 1 Shadi Katou
 CD 1 Felix Becker
 AD 2 Hartmut H. Schmidt
 DF 2 Christian Wilms
 BD 1 Andreas Pascher
 ACDE 1 Jens G. Brockmann

  * Ann-Kathrin Eichelmann and Thomas Vogel contributed equally
 Corresponding Author: Ann-Kathrin Eichelmann, e-mail: Ann-Kathrin.Eichelmann@ukmuenster.de
 Source of support: Self financing

 Background: Although most centers perform primary portal vein reperfusion (PV) in orthotopic liver transplantation (OLT) 
for historical reasons, there is so far no sound evidence as to whether this technique is superior. The present 
study evaluated the long-term outcome of 3 different reperfusion sequences: PV vs primary arterial (A) vs si-
multaneous reperfusion (SIM).

 Material/Methods: All patients at our center who underwent OLT (who received a primary, whole-organ liver graft) from 2006 to 
2007 were evaluated for analysis.

 Results: A total of 61 patients were found eligible (PV: 25, A: 22, SIM: 14). Twenty-one patients (35%) were still alive af-
ter the follow-up period of 12 years. Despite poorer starting conditions such as higher recipient age (59 y (SIM) 
vs 55 y (A) vs 50 y (PV), P=0.01) and donor age (56 y (SIM) vs 51 y (PV) vs 50 y (A), n.s.), higher MELD scores 
(22 vs 19 (PV) vs 17 (A), n.s.), as well as a higher number of marginal donor organs (79% (SIM) vs 36% (A/PV), 
P=0.02), SIM-recipients demonstrated superior outcomes. Overall survival was 8.1 y (SIM), 4.8 y (PV), and 5.9 y 
(A, n.s.)). None of the SIM-recipients underwent re-transplantation, while the rate was 32% in the PV-group. 
The 8.1 y graft survival in SIM-recipients was significantly longer than in the other 2 groups, which were 3.3 y 
(PV) and 5.5 y (A, P=0.013).

 Conclusions: Although SIM-reperfused recipients were the oldest and received grafts of inferior quality, these recipients 
showed superior results in terms of overall patient and graft survival. Multicentric randomized controlled tri-
als with larger study populations are required to confirm this finding.
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 Abbreviations: A – primary arterial reperfusion; DRI – donor risk index; EAD – early allograft dysfunction; ECD – extend-
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Background

Since its first performance in 1963 by Thomas Starzl, ortho-
topic liver transplantation (OLT) has undergone remarkable 
progress. Advances in surgical procedure such as the piggy-
back techniques or temporary portocaval bypass, periopera-
tive management, more effective preservation solutions, and 
immunosuppressive therapy improved outcome. Lately, intro-
duction of machine perfusion has become part of clinical rou-
tine [1]. Although all these achievements have improved 1-year 
patient and graft survival, none has shown benefits for graft 
attrition following year 1. Furthermore, there is still no con-
sensus on the preferable reperfusion technique, and the ques-
tion of how to reperfuse livers best is still controversial [2-6]. 
However, reperfusion sequence is of critical importance and 
several techniques have been proposed: retrograde vena cava 
reperfusion (RVC), anterograde reperfusion either via primary 
portal venous reperfusion (PV), primary arterial reperfusion (A), 
and simultaneous reperfusion (SIM). Since it is well known that 
ischemia-reperfusion injury represents one of the key factors 
affecting graft function, especially with regard to the fate of 
the biliary tract system, which is highly susceptible to oxygen 
deprivation, it is of great interest to identify the ideal reperfu-
sion technique in order to decrease the incidence and magni-
tude of reperfusion syndrome and ischemia-reperfusion injury. 
Among the different reperfusion sequences, PV-reperfusion is 
the most widely used approach, as demonstrated by a survey 
on preferred reperfusion techniques among European trans-
plantation centers. The survey revealed that PV is being per-
formed in 46%, SIM-reperfusion in 39%, retrograde reperfu-
sion in 11%, and initial hepatic artery reperfusion in 4% [2]. 
Reasons for this approach are thought to be the advantages of 
larger reperfusion volume resulting in a quicker graft rewarm-
ing than in primary arterial reperfusion, as well as a quicker 
decompression of the inferior venous and portal venous out-
flow, especially in cases of hemodynamic instability. However, 
PV-reperfusion is associated with an increased risk of warm 
ischemic damage to the biliary system, which is predominant-
ly supplied by the hepatic artery. This disadvantage can be 
avoided by performing primary arterial reperfusion; however, 
this reperfusion technique results in slower graft rewarming 
because of the small reperfusion volume. Improvement of he-
modynamic management and the introduction of a portoca-
val shunt have given rise to the SIM technique, in which the 
graft is simultaneously reperfused by the portal vein and the 
hepatic artery at the same time, at the cost of a slightly lon-
ger warm ischemic time [7,8]. Understandably, this technique 
results in a prolonged anhepatic phase and prolonged period 
of warm ischemia. It remains unclear so far whether these cir-
cumstances impact postoperative (long-term) graft function, 
attrition, and/or overall survival rates [4]. Since no evidence of 
clinical effects and long-term outcome of different reperfusion 
techniques exists, this retrospective study addresses outcome 

of 3 reperfusion sequences (PV vs A vs SIM), with special em-
phasis on long-term outcomes.

Material and Methods

Study	population	and	data	collection

All adult patients (>18 years) undergoing OLT in 2006 and 2007 
at our center were retrospectively evaluated. Of 73 patients, 
12 patients were excluded from further analysis because of 
combined transplantation (i.e., liver/intestine or liver/pan-
creas) or re-transplantation, resulting in 61 patients. In 7 pa-
tients, combined liver-kidney transplantation was performed. 
Each patient received a primary, ABO-compatible, whole-liv-
er graft from a brain-dead donor. Donor and recipient charac-
teristics are presented in Tables 1 and 2.

All procedures performed in this study were in accordance 
with the ethics standards of the Institutional and National 
Research Committee (Ethikkommission Münster, 2018-327-f-
S) and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethics standards. Moreover, informed con-
sent was obtained from all participants included in the study. 
Demographic data of donors, including calculation of donor 
risk index (=DRI, according to Feng [9] and ET-DRI [10]) and re-
cipients as well as operating data, were collected from patient 
charts, in-house transplant data files, and the Eurotransplant 
Network Information System.

Operative techniques and postoperative course

All transplantations were performed by 2 senior surgeons. After 
backtable preparation, the portal vein and hepatic artery were 
perfused via gravity perfusion (portal vein) and pressure per-
fusion (hepatic artery) with pressure perfusion. Additionally, 
bile ducts were flushed until the backflow was clear. OLT was 
carried out using piggy-back technique with anastomosis of 
the suprahepatic vena cava to the common ostium made from 
the recipients in 59 of 61 patients. In the remaining 2 patients, 
venous outflow was established by a side-to-side caval anas-
tomosis (Belghiti, n=1) or by classical end-to-end reconstruc-
tion (n=1). A temporary portocaval shunt was used in 30 pa-
tients. After the anastomosis portal vein and/or the hepatic 
artery, the graft was reperfused (both surgeons performed ei-
ther PV, A-, or SIM-reperfusion). Marginal grafts were preferred 
to be reperfused simultaneously. Thereafter, an end-end bile 
duct anastomosis was performed in 59 of 61 patients. Two pa-
tients received a biliodigestive anastomosis. Following surgery, 
standard immunosuppression consisted of FK-506, mycophe-
nolate mofetil, and prednisolone without induction therapy as 
per local protocol. Steroids were tapered from 500 mg preop-
eratively to 5 mg within 4 weeks. Trough FK-506 levels were 
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PV A SIM p

Age (y)  49 (24-66)  55 (31-66)  59 (46-69) 0.01

Gender; Male: Female 18: 7 12: 10 7: 7 0.3

MELD  17 (6-40)  19 (6-40)  22 (7-40) 0.3

Diagnosis

 Acute liver failure 3 2 5 0.4

 Cirrhosis 10 10 3

 HCC 8 8 4

 Amyloidosis 2 1 0

 Polycystic liver disease 2 1 2

Table 1. Recipient data.

PV – primary portal venous reperfusion; A – primary arterial reperfusion; SIM – simultaneous reperfusion; Y – years; MELD – model for 
end-stage liver disease; HCC – hepatocellular carcinoma.

PV A SIM p

Age (y)  51 (27-69)  50 (12-74)  56 (29-70) 0.37

Gender; Male: Female 13:12 11:11 10:4 0.4

BMI (kg/m2)  27.3 (20-40)  25 (19-32)  26.2 (22-31) 0.1

Na (mmol/l)  146±11  149±12  149±9 0.66

AST (U/l)  82±115  72±76  78±47 0.58

ALT (U/l)  48±32  64±72  97±85 0.24

Bilirubin (mg/dl)  0.94±1.2  0.74±0.7  0.63±0.5 0.9

ECD  9 (36%)  8 (36%)  11 (79%) 0.02

Cause of death 0.61

 Trauma  4 (16%)  4 (18%)  1 (7%)

 Anoxia  5 (20%)  2 (9%)  5 (36%)

 CVA  12 (48%)  14 (64%)  7 (50%)

 Other  2 (8%)  1 (5%)  1 (7%)

 Missing  2 (8%)  1 (5%)  0

Donor risk index

 DRI  1.74±0.33  1.76±1.28  1.81±0.42 0.77

 ET-DRI  1.91±0.3  1.99±0.52  2.15±0.44 0.22

Number of donors classified as:

 Low risk 0 1 0

 Moderate risk 1 1 1

 High risk 14 11 4

 Very high risk 8 7 9

 Missing 2 2 0

Table 2. Donor data.

PV – primary portal venous reperfusion; A – primary arterial reperfusion; SIM – simultaneous reper-fusion; Y – years; BMI – body mass 
index; ECD – extended donor criteria; DRI – donor risk index; ET – Eurotransplant; CVA – cerebrovascular accident.
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6-8 ng/ml. Mycophenolate mofetil was started after the throm-
bocyte count was >70 000 cells/µl without trough level moni-
toring, aiming at 1000 mg BID. Biopsies were only performed 
on demand. In case of biopsy-proven rejection, a pulse of ste-
roid was the first therapeutic measure performed.

Outcome measures

The outcome measures were total operating time, cold and 
warm ischemia times, necessity for transfusions, length of hos-
pital stay, length of intensive care unit stay, and occurrence 
of complications, and laboratory data were analyzed. The fol-
low-up time was 12 years. We analyzed the following long-
term outcomes: overall patient and graft survival, incidence 
of biliary complications, necessity and number of endoscopic 
retrograde cholangiopancreatography (ERCP), necessity of re-
transplantation, and rejection, and biochemical parameters, in-
cluding liver enzymes and total bilirubin, were also analyzed.

Statistical	analysis

All data are presented as means with standard deviation or 
median with range, unless otherwise stated. Statistical analysis 
was performed with PRISM 8 for macOS (GraphPad Software, 
Inc. 2019) by using one-way ANOVA followed by a Holm-Sidak 
test for multiple comparisons and Fisher’s exact test for cat-
egorical variables. Kaplan-Meier method with log-rank tests 
was used for assessment of overall patient and graft survival. 
Graft survival was defined as graft failure and/or patient death. 
Thirty-day mortality was excluded for calculation of overall 
hospital and intensive care unit stay. For correlation analysis 
between DRI and graft survival, the calculated DRI score was 
classified into 4 risk groups (low risk (=I): DRI <1.2, moderate 
risk: 1.21> DRI <1.4, high-risk: 1.41> DRI <2, and very high-risk 
(=IV): DRI >2.1) as described previously [11] and was correlat-
ed with Kaplan-Meier graft survival. A P value <0.05 was con-
sidered to be statistically significant.

Results

Recipients

PV-reperfusion was performed in 25, A-reperfusion in 22, and 
SIM-reperfusion in 14 recipients, resulting in a total of 61 pa-
tients. Mean recipient age at time of transplantation was 55 
years. SIM-reperfused patients were significantly older (59 vs 55 
(A) vs 49 PV, P=0.01). Additionally, the SIM-group had a higher 
pretransplant MELD (model for end-stage liver disease) score 
(22 vs 19 (A) vs 17 (PV)). The proportion of patients who under-
went OLT because of hepatocellular carcinoma (HCC) was sim-
ilar in all 3 groups: 8 (32%, PV) vs 8 (36%, A) vs 4 (29%, SIM). 
Table 1 gives an overview of recipient baseline clinical data.

Donor data

Table 2 gives an overview of the donor details, which were 
comparable between groups. Although it failed to reach sta-
tistical significance, donors in the SIM-group were the oldest 
(56 y) vs 51 y (PV) vs 50 y (A), P=0.37). According to the ex-
tended donor criteria (ECD) classification [12,13], 80% of the 
SIM-reperfused grafts were classified as marginal organs (>2 
criteria), while only 36% of the donors in the other 2 groups 
met > 2 criteria (PV: 9 donors, A: 8 donors, P=0.02). However, 
no difference was observed regarding the DRI calculated ac-
cording to Feng or the ET-DRI. There were 53 donors (93%) 
classified as high-risk or very high-risk donors.

Operative	and	early	postoperative	data

Warm ischemia time was longer in the SIM-group (48 min vs 
36 min (PV) and 29 (A) min, P<0.0001). A portocaval shunt was 
performed in 100% in the A-group and in 57% in the SIM-group, 
while none of the PV-reperfused patients received a portoca-
val shunt. Overall operating time and necessity of transfusion 
were comparable between the 3 groups.

Overall median hospital stay was similar between groups: 30 
(PV) vs 30 (A) vs 28 days (SIM), P=0.99. Additionally, no differ-
ence was observed regarding length of stay in the intensive or 
intermediate care unit. With 7 deceased patients (28%), 60-day 
mortality was highest in the PV-group (0% (A) vs 14% (SIM), 
P=0.03). These 7 patients died because of septic complications 
(n=3), multi-organ failure (n=3), and acute heart failure (n=1). 
Moreover, one-fifth of patients in this group underwent early 
re-transplantation because of primary non-function (PNF, n=3) 
or early allograft dysfunction (EAD, n=2) within 30 days after 
initial OLT. None of the SIM-reperfused patients required re-
transplantation, while the rate was 9% in the A-group (PNF: 
n=1, EAD: n=1; P=0.15). The incidence of postoperative com-
plications such as bleeding or biliary complications were sim-
ilar between groups (Table 3). Regarding postoperative peak 
values of liver enzymes, patients in the A-group showed the 
lowest AST or ALT peak values, while the values were the high-
est in the PV-group (GOT: P=0.01; GPT: P=0.03). There was no 
difference between groups in bilirubin or gGT peak values.

Twelve-year	post-liver	transplant	morbidity	and	mortality

One-third of the study population was still alive at 12-year fol-
low-up (n=21, 35%, Table 4). Although SIM-reperfused recip-
ients were the oldest, overall mortality rates were the lowest 
in this group (50% vs 68% (A) vs 72% (PV). Mean overall sur-
vival for all recipients was 5.9 years. SIM-reperfused patients 
showed a tendency for longer survival compared to surviv-
al rates of the other groups (8.1 y vs 4.8 y (PV) vs 5.9 y (A), 
(Figure 1) according to Kaplan-Meier analysis (log-rank P=0.148). 
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Re-transplantation was performed in 10 patients (16%). None of 
the SIM-reperfused recipients underwent re-transplantation in 
the 12 years after OLT, while re-transplantation was necessary 
in one-third of patients in the PV-group (5 patients within 30 
days, as mentioned above, n=1 after 47 days, and n=1 after 7 
years). Two patients in this group underwent 2 re-transplanta-
tions. Because of the re-transplantation rate of 0%, graft sur-
vival was equivalent to overall survival for SIM-reperfused pa-
tients, with 8.1 years, which was significantly longer compared 
to the PV- (3.3 y) and A-group (5.5 y, P=0.03) (Figure 1, Kaplan-
Meier, P=0.013). In our study population, neither the DRI accord-
ing to Feng nor the ET-DRI were correlated with graft survival.

We did not observe any statistically significant difference in 
incidence of biliary strictures, in need to perform an ERCP or 
in terms of absolute numbers of ERCPs. However, the propor-
tion of patients that developed a biliary stricture was high-
est in the PV-group (28%). Furthermore, in this group, more 
patients needed rejection treatment compared to the other 
groups (32% vs 5% (A) vs 8% (SIM), although this also failed 
to reach statistical significance (P=0.07). With respect to long-
term laboratory data, values were similar between groups.

PV A SIM p

Operative 
data 

Cold ischemia (min)  485±157  526±141  554±105 0.32

Warm ischemia (min)  36±10  29±6  48±6 0.001

T-Drain (yes)  9 (36%)  3 (14%)  1 (7%) 0.06

Portocaval shunt  0  22 (100%)  8 (57%) 0.001

Operating time (min)  335±81  339±81  331±109 0.73

RBC (units)  10 (0-50)  7 (1-35)  7 (3-44) 0.62

FFP (units)  24 (4-67)  19 (4-52)  21 (7-61) 0.61

Platelets (units)  2.2 (0-6)  2 (0-7)  3.1 (0-13) 0.76

Postoperative 
data

Overall hospital stay (median, d)  30 (9-132)  30 (14-93)  28 (16-111) 0.99

Intensive Care Unit  25 (9-129)  26 (13-83)  28 (16-106) 0.74

Intermediate Care  15 (0-76)  19 (0-45)  17 (3-80) 0.32

30d mortality  4 (16%)  0  1 (7%) 0.13

60d mortality  7 (28%)  0  2 (14%) 0.03

Complications within 60d

 Bleeding  5 (20%)  4 (18%)  3 (21%) 0.9

 Biliary  2 (8%)  1 (5%)  1 (7%) 0.9

 Vascular  1 (4%)  1 (5%)  0 0.73

 Other  2 (8%)  3 (14%)  1 (7%) 0.75

 Acute rejection  1 (4%)  4 (18%)  0 0.09

Re-Transplantation within 30d  5 (20%)  2 (9%)  0 0.15

Labaratory data (peak level)

 AST (U/l)  4773±4794  1249±819  2086±1412 0.01

 ALT (U/l)  2850±3424  819±661  1461±1287 0.03

 Bilirubin (mg/dl)  10.7±9  8.6±11  6.8±5 0.57

 gGT (U/l)  415±329  554±408  1736±2622 0.2

Table 3. Operative and (early) postoperative data.

PV – primary portal venous reperfusion; A – primary arterial reperfusion; SIM – simultaneous reperfusion; Min – minute; RBC – red 
blood cell packets; FFP – fresh frozen plasma; d – days; AST – aspartate aminotransferase; ALT – alanine aminotransferase.
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PV A SIM Total p

Alive after 12 years  7 (31.8%)  7 (28%)  7 (50%)  21 (35%) 0.36

Overall survival (median, d)  848 (0-4982)  1383 (68-4507)  3432 (1-4883)  1733 (0-4982) 0.16

 Mean (d)  1745±2022  2142±1732  2955±1732  2166±1886

 Years 4.8 5.9 8.1 5.9

Retransplantation  7 (31.8%)  3 (13.6%) 0  10 (16.4%) 0.073

 >1 retransplantation  2 (2OLT)  0 0

Graft survival (median, d)  180 (0-4623)  1259 (2-4507)  3432 (1-4883)  1186 (0-4883) 0.003

 Mean (d)  1191±1722  2015±1771  2955±1732  1893±1846

 Years 3.3 5.5 8.1 5.2

Development of biliary stricture (yes)  7 (28%)  5 (22.7%)  3 (21.4%)  15 (24.6%) 0.27

ERCP necessity (yes)  11 (42.6%)  9 (40.9%)  6 (42.9%)  26 (42.6%) 0.9

Number of ERCP  8.6 (1-40)  2.3 (1-8)  5.5 (1-25) 5.6 0.31

Rejection treatment (n=49)
N=19

 6 (31.6%)
N=18

 1 (5.3%)
N=12

 1 (8.3%)
N=49

 8 (16.3%)
0.07

Laboratory data

 3 year

  AST  53±44  109±213  25±7  74±152 0.28

  ALT  43±32  63±75  20±10  47±56 0.11

  Bilirubin  1±1.4  2.5±6.9  0.5±0.3  1.3±4.5 0.4

 10 year

  AST  33±7  22±5  48±61  34±37 0.04

  ALT  29±8  27±12  41±46  32±29 0.7

  Bilirubin  0.8±0.8  0.4±0.2  0.4±0.2  0.5±0.46 0.6

Table 4. 12-year post-liver transplant morbidity and mortality.

PV – primary portal venous reperfusion; A – primary arterial reperfusion; SIM – simultaneous reperfusion; d – days; ERCP – endoscopic 
retrograde cholangiopancreatography; AST – aspartate aminotransferase; ALT – alanine aminotransferase.
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Discussion

In the era of organ shortage leading to utilization of ECD liv-
ers, strategies to improve outcome in OLT are of importance. 
Although OLT is a highly standardized procedure, there is so far 
no consensus on the best reperfusion technique. Within the ET 
region, portal vein reperfusion was recently identified as the 
most frequently used reperfusion technique. Interestingly, most 
centers based their decision solely on personal and institution-
al experience [2]. This might be explained by the fact that evi-
dence is lacking in the literature, and, aggravating the situation, 
conflicting observations have been made in different studies. 
Therefore, we sought to investigate the clinical effect and out-
come of 3 different reperfusion techniques with emphasis on 
12-year long-term outcome. Our data show that despite high-
er age, less favorable MELD status, and higher number of mar-
ginal organs, SIM-reperfused patients demonstrated superior 
outcomes in terms of graft survival. Remarkably, none of these 
patients underwent re-transplantation, while re-transplanta-
tion was performed in one-third of recipients in the PV-group.

Concerns that prolonged warm ischemia time in SIM-reperfusion 
might have adverse effects on long-term outcome were not 
supported by the present results in our study population. Our 
results showed superior outcomes in terms of overall and 
graft survival compared to the PV- and A-groups. This obser-
vation may be attributed to attenuated reperfusion injury fol-
lowing simultaneous reperfusion compared to other reperfu-
sion techniques, as demonstrated in an animal model. Despite 
a prolongation of warm ischemia of 10 min, simultaneous re-
perfusion caused the least reperfusion injury as demonstrat-
ed by histopathological findings and serum parameters and 
resulted in superior primary transplant function. On the con-
trary, arterial reperfusion showed the worst overall outcome 
among the 3 reperfusion techniques analyzed in 24 pigs [14]. 
Our observations regarding peak transaminases in the early 
postoperative course demonstrated significantly higher peak 
values in the PV-group compared to the other 2 groups, sug-
gesting more reperfusion injury with PV-reperfusion. Analysis 
of peak transaminase following different reperfusion sequenc-
es in clinical setting is sparely described in the literature. A re-
cently published network meta-analysis by Yao et al includ-
ing 7 randomized controlled trials with 550 patients, showing 
that the lowest liver dysfunction rate (defined as occurrence 
of >1 enzymological aberration of the following: bilirubin > 10 
mg/dl, INR >1.6 and ALT or AST >2000 U/ml within 7 days fol-
lowing OLT) was associated with the shortest ICU stay in pa-
tients with RVC [15]. Other studies that compared peak levels 
of liver enzymes on days 1-90 following OLT found no differ-
ences following either sequential or SIM-reperfusion [7,8,16].

Contradictory results can also be found regarding patient and 
graft survival. Polak et al analyzing outcome of 71 PV-reperfused 

recipients compared to 31 SIM-reperfused recipients did not 
observe advantages regarding overall 1-year survival among 
reperfusion techniques [16]. The meta-analysis by Yao et al 
identified RVC and SIM-reperfusion as superior techniques com-
pared to the PV- or A-reperfusion technique. Regarding long-
term outcome (1-year graft and patient survival), the RVC re-
perfusion technique resulted in highest graft survival followed 
by SIM-reperfusion technique, while it was the opposite for 
patient survival [15]. However, the meta-analysis only includ-
ed one trial from one center that compared retrograde vs an-
terograde reperfusion (SIM) in 131 recipients [17]. Secondly, 
the authors of the meta-analysis themselves reported that the 
RVC reperfusion technique is an approach that is still under 
debate and “not widely accepted” because of prolonged isch-
emic time and biliary damage [15]. Therefore, the question of 
which reperfusion technique is superior regarding graft and 
patient survival has not yet been fully answered; however, data 
suggest that, in line with our findings, SIM-reperfusion is su-
perior compared to PV- and A-reperfusion.

When evaluating outcomes after OLT, a point that has to be 
considered is occurrence of biliary complications, since the 
rationale for performing SIM-reperfusion is to decrease the 
risk of ischemic injury to the bile ducts, hypothesizing that 
biliary complications occur less frequently when compared to 
PV-reperfusion. In line with findings for graft and patient sur-
vival following different reperfusion sequences, as described 
above, data on the incidence of biliary complications also re-
main controversial, despite existing meta-analyses. While 
some authors found no difference in the rate of non-anasto-
motic biliary strictures or other complications between initial 
portal reperfusion vs SIM-reperfusion [16,18], others authors 
have found that SIM-reperfusion is superior to sequential re-
perfusion techniques [4,8,15,19-21]. The meta-analysis Wang 
et al, including 6 studies with a total of 467 patients, found a 
significantly lower rate of ischemic-type biliary lesions in the 
SIM-group vs the sequential reperfusion group (P<0.00001) [4].

In summary, the results from 4 meta-analyses addressing out-
comes following OLT for different reperfusion sequences are 
available in the literature (3 of them only very recently pub-
lished), illustrating the great importance of the subject for 
clinical routine. The authors of these meta-analyses observed 
either no difference regarding patient and graft survival be-
tween different revascularization approaches [18,20] or con-
sidered SIM-reperfusion to be superior to sequential PV- or 
A-reperfusion [4,15]. Therefore, evidence suggests that SIM-
reperfusion is at least equivalent to, if not better than, the wide-
ly used PV-reperfusion technique, which should thus be critical-
ly reviewed. Furthermore, the results do not support concern of 
impaired outcomes because of prolonged warm ischemia time 
if SIM-reperfusion cannot be maintained. It is worth noting that 
most studies included in the meta-analyses report a long-term 
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outcome of 1 year or even less. The maximum follow-up period 
of all studies was 2 years, described by Massarollo et al [19]. 
To the best of our knowledge, no data have been published for 
12-year outcomes following OLT. In our study, we did not ob-
serve a difference in incidence of biliary strictures or in need 
to perform an ERCP as indicated by absolute numbers of ERCPs 
in the 12-year follow-up period. However, the proportion of pa-
tients that developed a biliary stricture was highest in the PV-
group (28% vs 21% in the SIM-group).

There are some limitations of the current study that need con-
sideration. First, the current study was a retrospective, single-
center cohort study with all the inherent limitations, as well as 
a limited number of patients. Second, recipients were not ran-
domized into the 3 reperfusion groups prior to surgery. These 
limitations might be countered by strengths such as perfor-
mance of surgery by the same 2 senior surgeons, a compara-
ble group size, and the long-term follow-up. Moreover, despite 
lacking randomization, marginal grafts were preferred to re-
perfuse simultaneously. This approach is reflected by the fact 
that 80% of the SIM-reperfused grafts met >2 ECD criteria, 
and in our study population, the calculated DRI, in contrast to 
findings from other studies [20-23], did not correlate with 12-
year graft survival: despite a slightly higher ET-DRI calculated 

for the SIM-group compared to the other 2 groups, graft sur-
vival of these recipients was significantly prolonged. It has to 
be considered that for an appropriate prospective randomiza-
tion, large study arms consisting of 300 patients are required, 
which is difficult to implement in a clinical setting. It also has 
to be mentioned that none of the PV-reperfused recipients 
had a portocaval shunt performed. However, results of a me-
ta-analysis suggest that performance of a portocaval shunt 
does not impact primary graft function [24]; the adverse out-
come of PV-reperfused recipients is thus unlikely to be solely 
due to the absence of a portocaval shunt.

Conclusions

Our data support the superiority of SIM-reperfusion over PV and 
A-reperfusion. Despite disadvantageous conditions such as high-
er (donor and recipient) age, slightly higher MELD scores, and 
higher number of marginal organs, these patients demonstrated 
superior 12-year outcomes in terms of overall and graft survival. 
Moreover, in contrast to the PV- and A-reperfusion groups, there 
was no need for re-transplantation in the follow-up period of 12 
years. To confirm these findings, further multicenter randomized 
controlled trials with larger study populations are mandatory.
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