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Abstract
Background Orthotopic liver transplantation (OLT) has emerged as the mainstay of treatment for end-stage liver disease.
However, technical aspects of OLT are still subject of ongoing debate and are widely based on personal experience and local
institutional protocols.
Methods An international online survey was sent out to all liver transplant centers (n = 52) within the Eurotransplant,
Swisstransplant, Scandiatransplant, and British Transplant Society networks. The survey sought information on center-specific
OLTcaseload, vascular and biliary reconstruction, graft reperfusion, intraoperative control of hemodynamics, and drain policies.
Results Forty-two centers gave a valid response (81%). Out of these, 50% reported piggy-back and 40.5% total caval replace-
ment as their standard technique. While 48% of all centers generally do not apply veno-venous bypass (vvBP) or temporary
portocaval shunt (PCS) during OLT, vvBP/PCS are routinely used in six centers (14%). Portal vein first reperfusion is used in
64%, followed by simultaneous (17%), and retrograde reperfusion (12%). End-to-end duct-to-duct anastomosis without biliary
drain (67%) is the most frequently performed method of biliary reconstruction. No significant associations were found between
the center caseload and the surgical approach used. The predominant part of the centers (88%) stated that techniques of OLT are
not evidence-based and 98% would participate in multicenter clinical trials on these topics.
Conclusion Technical aspects of OLT vary widely among European centers. The extent to which center-specific variation of
techniques affect transplant outcomes in Europe should be elucidated further in prospective multicenter trials.
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RER Retrograde reperfusion
ScaT Scandiatransplant
SIR Simultaneous reperfusion
SSDD Side-to-side duct-to-duct anastomosis
ST Swisstransplant
TCR Total caval replacement
vvBP Veno-venous bypass
WIT Warm ischemia time

Introduction

Since Thomas Starzl’s pioneering efforts in 1963, orthotopic
liver transplantation (OLT) evolved as the standard treatment
for patients with end-stage liver disease.1 In an attempt to
improve allograft allocation, transplantation networks such
as the United Network for Organ Sharing, Eurotransplant
(ET), Scandiatransplant (ScaT), Swisstransplant (ST), and
the British Transplant Society (BTS) have been established.
Better allocation and cross-border exchange of deceased do-
nor organs as well as the wider use of dynamic preservation
techniques have significantly improved the overall utilization
of donor allografts.2 Technical aspects of OLT are still widely
based on personal experiences and institutional protocols.
Although a fair amount of information is available on various
aspects of organ retrieval and donor/recipient characteristics,
there is still no national or international database available in
Europe dedicated to surgical aspects of the transplantation
procedure itself. While most clinical decisions in OLT are
not supported by high-level evidence, several systematic re-
views on surgical aspects of OLT remain inconclusive due to a
lack of high-quality randomized controlled trials.3–5

We therefore conducted an international cross-sectional
survey within all 52 liver transplant centers of the ET, ST,
ScaT, and BTS networks to provide a comprehensive over-
view of clinical practices of adult whole-graft deceased donor
OLT in these regions. Furthermore, we discussed the current
level of evidence and attempted to identify factors relevant for
future prospective clinical trials.

Methods and Analysis

Survey Development and Data Collection

An online survey instrument with open-endedmultiple-choice
questions (SurveyMonkey, Palo Alto, CA) investigating the
surgical aspects of adult whole-graft deceased donor OLTwas
designed by the authors (ZC, GL) and an experienced com-
puter scientist. Following domains were addressed: (I) center
volumes, (II) techniques of liver transplantation: caval outflow
reconstruction, use of veno-venous bypass (vvBP) for total
caval replacement (TCR), or portocaval shunt (PCS) in

piggy-back (PB); (III) graft reperfusion techniques; (IV) use
of intra-abdominal drains; (V) approach of biliary reconstruc-
tion and drainage; and (VI) current evidence and need for
further prospective trials. Where applicable, the opportunity
to insert free-text statements was given. The original online
survey is available as supplementary digital content (Text S1).

Content and face validity were initially pilot tested by five
independent senior transplant surgeons. Survey items were
updated based on initial feedback obtained. This manuscript
was prepared according to available recommendations for
reporting survey research.6,7 This present survey study was
formally endorsed by ET (Req 553-1.2016).

The survey was disseminated online containing a person-
alized link to the chairmen or clinical leads of each of the 52
transplant centers within the ET, ST, ScaT, and BTS networks.
The survey was intended to reflect current first-line practices
in the transplant unit rather than individual concepts and pref-
erences of the respondents. The names of the program repre-
sentatives were collected bywritten request from ETas well as
using online resources. After the initial distribution, two re-
minders, each 2–3 weeks apart, were sent to non-responders.
In a case of multiple responses from the same center, the first
complete response was used for final analysis.

Data Analysis

Data was exported directly from SurveyMonkey into digital
spreadsheets. For quantitative center caseload analysis, data
was transferred to defined categories (< 25 OLT/year = cate-
gory 1; 25–50 OLT/year = category 2; 50–100 OLT/year =
category 3; > 100 OLT/year = category 4) and was compared
using the Fisher’s exact test. The level of significance was set
to p < 0.05 and p values are given for two-sided testing.
Statistical tests were performed using the IBM SPSS
Statistics v24 software package (IBM Inc., Armonk, NY,
USA).

Results

Characteristics

The online survey was sent out to all transplant centers (n =
52) on February 8, 2017 and was accessible until April 31,
2017. The median response time was 9 days (range 1–
64 days). By April 2017, 42 out of the total 52 transplant
centers (81%) gave a valid response to the survey.
Transplantation case load of the participating centers were as
follows: 10/42 centers (24%) < 25 OLT/year; 10/42 centers
(24%) 25–50 OLT/year; 18/42 centers (43%) 50–100 OLT/
year; 4/42 centers (9%) > 100 OLT/year. Further information
on transplant network characteristics was obtained from the
ET, ST, ScaT, and BTS annual activity reports Table 1.
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Seventeen centers (40.5%) reported TCR and 21 (50%) PB as
their first-line technique for OLT, respectively. In four centers
(9.5%), the decision for TCR or PB is based entirely on per-
sonal preference (Table 2). In 20 transplant centers, vvBP or
PCS is completely avoided during transplantation. In summa-
ry, six centers stated their routine use of vvBP (7%, n = 3/42)
or PCS (7%, n = 3/42). Sixteen centers (38%) reported the
occasional usage of vvBP or PCS in selected cases (Table 2).

From all responding centers, the most frequent approach to
first-line graft reperfusion in OLTwas portal vein first (PVFR:
64.3% n = 27/42), followed by simultaneous (SIR: 17%, n =
7/42), retrograde (RER: 12%, n = 5/42), and artery first (AFR:
7%, n = 3/42) reperfusion, respectively (Table 2).

Within our survey population, the most frequent technique
for biliary reconstruction was the end-to-end duct-to-duct
anastomosis (EEDD) without (66.7%, n = 28/42) or with oc-
casional biliary drain (T-tube or stent) placement in 19% (n =
8/42), followed by side-to-side duct-to-duct (SSDD) with bil-
iary drain, used by six centers (14.3%) (Table 2). Regarding
the routine use of biliary drains, our survey demonstrated that
66.7% (n = 28/42) of the centers do not use any kind of biliary
drains. In 14.3% (n = 6/42), a biliary drain is routinely used
(Table 2). Eight centers (19%) reported the use of biliary
drainage in selected cases (Table 2).

The use of open-circuit (e.g., Easy-flow) (45%, n = 19)
versus close-circuit (e.g., Robinson) (45%, n = 19) drains
was equally distributed within the responding centers
(Table 2). Four centers noted that they only use intra-
abdominal drains in high-risk patients, such as patients with
severe coagulopathy, complex biliary anastomosis, and/or
high-MELD recipients.

No significant association have been found between the
center caseload and the surgical approach concerning outflow
reconstruction, use of vvBP or PCS, graft reperfusion, biliary

reconstruction, and abdominal drainage (p = .620, .084, .352,
.933, .392; Fisher’s exact test; Table 3).

Discussion

The first human OLT in Europe was performed by Sir Roy
Calne in Cambridge in 1968, only 1 year after the first suc-
cessful human liver transplantation reported by Thomas Starzl
in the USA.8While significant advancements have been made
over the years, technical aspects of OLT are still widely based
on personal experience and institutional protocols. This is
mostly attributed to the overall low-quality clinical evidence
from small sample size cohorts, heterogeneous study popula-
tions, and studies with high risk of bias.3–5,9,10 The aim of the
present survey was to depict a cross-sectional overview of the
variation in current surgical practices of OLT in Europe.

In comparison to other online surveys, our study had an
81% response rate10–14 with a median of 9 days until a re-
sponse was given, suggesting a high relevance of these topics
for transplant professionals. Piggy-back OLT or its modifica-
tions were reported by 21 (50%) centers compared to 17
(41%) centers that use TCR as their first-line outflow recon-
struction approach.15 Veno-venous bypass or PCS is routinely
only used by the minority of the responding centers (14%, n =
6). Even though TCR- and PB-OLT are performed for de-
cades, high-level clinical evidence supporting the use of one
or the other as well as the effects of vvBP and PCS on com-
plications and outcome after OLT are limited.3,5 In addition,
currently available data from prospective randomized con-
trolled trials (RCTs) are outdated with some relevant method-
ological flaws.3,5,16 Since Andreas Tzakis’ introduction in
1989, OLT using the cava sparing PB technique and its mod-
ifications gained increasing popularity on a global scale.17

Although current literature does not unambiguously support
the beneficial effects of PB-OLT,5,18–21 it tends to be the faster

Table 1 Transplant characteristics within Eurotransplant, Swisstransplant, Scandiatransplant, and British Transplant Society

Eurotransplant Swisstransplant Scandiatransplant British Transplant Society

Number of programs 37 3 5 7

Median patients on waiting list per numbers of programs in 2016 46 69 22 76

Total deceased donor OLTs last 5 years
(median; range)

1537
(1468–1595)

109
(100–136)

377
(342–417)

780
(659–801)

Deceased donor OLTs 2016 per center
(median; range)

39
(3–113)

37
(19–52)

92
(59–105)

102
(45–199)

Numbers of patients on waiting list during the last 5 years
(median; range)

1918
(1704–2406)

161
(122–207)

108
(84–115)

521
(462–566)

Waiting list mortality last 5 years
(median; range)

501
(471–674)

24
(21–33)

13
(11–20)

82
(80–105)

Waiting list mortality/waiting list last 5 years (%)
(median; range)

27
(24–29)

15
(13–24)

12
(10–24)

16
(14–20)

Based on the Annual Activity Reports of ET, ST, ScaT, and BTS on adult OLT
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technique with regard to warm ischemia time (WIT) as com-
pared to TCR, with favorable effects on renal function, hemo-
dynamic stability, blood loss, and concomitant avoidance of
vvBP.18 Exploring the effects of TCR and PB in a context of
the preoperative clinical status of the recipient (e.g., preoper-
ative hepato-renal syndrome, renal function, MELD) would
be paramount to avoid biased conclusions.18 Piggy-back, de-
pending on the technical modification used (e.g., two vs. three
hepatic veins vs. side-to-side cavo-caval anastomosis22),
might also have deleterious effects like venous outflow occlu-
sion due to venous kinking and outflow blockade.18 Despite
the relatively low incidence of this complication (1.5–8%), it
may ultimately result in serious surgical complications such as
graft-failure requiring re-OLT and/or death.18,20,23 While
bypass-related issues were mostly brought up by centers that
routinely use the TCR without vvBP technique, the presumed

absence of a clear benefit (n = 30), higher morbidity (n = 7),
technical complexity (n = 3), and longer operating time (n =
13) were arguments against the routine use of vvBP. Centers
that routinely or occasionally use vvBP or PCS for OTL em-
phasized a better control of hemodynamics (n = 11), less in-
traoperative bleeding (n = 7), and fewer overall complications
due to the avoidance of splanchnic congestion (n = 10). Even
though only three centers in our survey cohort routinely use
PCS for PB, a recent meta-analysis by Pratschke et al. showed
a clear benefit of PCS with regard to intraoperative blood loss,
postoperative renal function, and hepatocellular injury in PB-
OLT. It must be noted, however, that the conclusion drawn
was based on five retrospective studies and one single-center
RCT.16

Based on the findings fromboth of our survey, aswell as from
other studies, PVFR is currently regarded as the gold standard of

Table 2 Survey results on the different technical aspects of orthotopic liver transplantation based on transplantation network

Transplant network: All Eurotransplant Swisstransplant Scandiatransplant British Transplant Society

Responding centers/number of centers 42/52 (81%) 33/37 (89%) 2/3 (67%) 4/5 (80%) 3/7 (43%)

Center volume (based on 2016 data)

< 25 10 (24%) 9 (27.3%) 1 (50%) n.a. n.a.

25–50 10 (24%) 10 (30.3%) n.a. n.a. n.a.

50–100 18 (43%) 13 (39.4%) 1 (50%) 3 (75%) 1 (33.3%)

> 100 4 (9%) 1 (3%) n.a. 1 (25%) 2 (66.7%)

Caval reconstruction

TCR 17 (40.5%) 14 (42.4%) 1 (50%) 2 (50%) n.a.

PB 21 (50%) 17 (51.5%) 1 (50%) 2 (50%) 1 (33.3%)

Individual decision 4 (9.5%) 2 (6.1%) n.a. n.a. 2 (66.7%)

vvBP or PCS

No vvBP or PCS 20 (48%) 18 (54.5%) 1 (50%) 1 (25%) n.a.

vvBP or PCS occasionally 16 (38%) 11 (33.3%) 1 (50%) 1 (25%) 3 (100%)

vvBP as first-line approach 3 (7%) 2 (6.1%) n.a. 1 (25%) n.a.

PCS as first-line approach 3 (7%) 2 (6.1%) n.a. 1 (25%) n.a.

Graft reperfusion

AFR 3 (7%) 2 (6%) n.a. n.a. 1 (33.3%)

PVFR 27 (64%) 21 (64%) 1 (50%) 3 (75%) 2 (66.7%)

SIR 7 (17%) 7 (21%) n.a. n.a. n.a.

RER 5 (12%) 3 (9%) 1 (50%) 1 (25%) n.a.

Biliary reconstruction

End-to-end without biliary drain 28 (66.7%) 21 (64%) 2 (100%) 3 (75%) 2 (66.7%)

End-to-end occasionally with biliary drain 8 (19%) 6 (18%) n.a. 1 (25%) 1 (33.3%)

Side-to-side with biliary drain 6 (14.3%) 6 (18%) n.a. n.a. n.a.

Side-to-side without biliary drain n.a. n.a. n.a. n.a. n.a.

Abdominal drains

No drain n.a. n.a. n.a. n.a. n.a.

Open-circuit drain 19 (45.2%) 18 (55%) n.a. 1 (25%) n.a.

Closed-circuit drain 19 (45.2%) 14 (42%) n.a. 3 (75%) 2 (66.7%)

Only in selected cases 4 (9.6%) 1 (3%) 2 (100%) n.a. 1 (33.3%)

TCR total caval replacement, PB piggy-back, vvBP veno-venous bypass, PCS portocaval shunt, AFR artery first reperfusion, PVFR portal vein first
reperfusion, SIR simultaneous reperfusion, RER retrograde reperfusion
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graft revascularization in adult deceased donor OLT.10,14 There
is, however, no high-level clinical evidence to support the supe-
riority of PVFR in comparison to alternative approaches such as
SIR, RER, or AFR.10 Currently, there are five completed
RCTs,4,10 two meta-analyses,4,10 and one comprehensive review
elaborating different graft reperfusion techniques in adult de-
ceased donor OLT.24 In addition, further non-randomized and
retrospective cohort studies have been published.

PVFR is used by the majority of centers due to practical
reasons: the PVanastomosis is technically simple; henceforth,
it is usually performed before arterial reconstruction.10 Even
thoughWIT is relatively shorter compared to other reperfusion
techniques, it must be noted that due to the unique arterial
blood supply of the bile duct with its peribiliary vascular plex-
us, composed of branches arising directly from the hepatic
artery, the ischemic time of the biliary system itself is in fact
prolonged.10 Alternate techniques of allograft reperfusion such
as AFR and SIR hold promise to improve arterial blood flow
of the biliary vascular plexus but are generally less frequently
used.25 Retrograde reperfusion (RER) substantially reduces
WIT of the liver parenchyma. Nevertheless, it must be

emphasized that this effect comes at the price of a significant
extension of the WIT of the biliary system, thus potentially
aggravating biliary injury. This is attributed to an early venous
retrograde but late anterior revascularization.25 A recent meta-
analysis by Manzini et al. suggests that SIR might result in
slightly lower incidence of biliary complications compared to
PVFR, especially when cold ischemia is prolonged.10 It is
hypothetically possible that certain subgroups of patients with
long CIT, receiving extended criteria donation (ECD) allo-
grafts from brain dead donors, may benefit from a more rapid
revascularization (RER or PVFR), in an attempt to reduce IRI
and splanchnic congestion.10,26 Meanwhile, other subgroups,
such as recipients of donation after cardiac death (DCD) allo-
grafts, may benefit from an improved anterograde blood flow
into the biliary plexus as provided by PVF, SIR, or alternative-
ly by AFR.27 These are clinically relevant research questions
that should be addressed in future studies.

According to the results of our survey, abdominal drains
are still routinely used by the majority of European centers (>
90%), which is in line with previous findings.14 In contrast,
there is also evidence from retrospective and case-matched

Table 3 Survey results on the different technical aspects of orthotopic liver transplantation based on center caseload

Center caseload All < 25 OLT 25–50 50–100 > 100 *p

Caval reconstruction

TCR 17 (40.5%) 2 (20%) 4 (40%) 10 (56%) 1 (25%) .620
PB 21 (50%) 7 (70%) 6 (60%) 6 (33%) 2 (50%)

Individual decision 4 (9.5%) 1 (10%) 0 (0%) 2 (11%) 1 (25%)

vvBP or PCS

No vvBP or PCS 20 (48%) 8 (80%) 4 (40%) 7 (39%) 1 (25%) .084
vvBP or PCS occasionally 16 (38%) 1 (10%) 6 (60%) 7 (39%) 2 (50%)

vvBP as first-line approach 3 (7%) n.a. n.a. 3 (17%) n.a.

PCS as first-line approach 3 (7%) 1 (10%) n.a. 1 (5%) 1 (25%)

Graft reperfusion

AFR 3 (7%) n.a. 2 (20%) n.a. 1 (25%) .352
PVFR 27 (64%) 7 (70%) 6 (60%) 13 (72%) 1 (25%)

SIR 7 (17%) 2 (20%) 2 (20%) 3 (17%) n.a.

RER 5 (12%) 1 (10%) n.a. 2 (11%) 2 (50%)

Biliary reconstruction

End-to-end without biliary drain 28 (66.7%) 8 (80%) 7 (70%) 9 (50%) 4 (100%) .933
End-to-end occasionally with
biliary drain

8 (19%) 1 (10%) n.a. 7 (39%) n.a.

Side-to-side with biliary drain 6 (14.3%) 1 (10%) 3 (30%) 2 (11%) n.a.

Side-to-side with biliary drain n.a. n.a. n.a. n.a. n.a.

Abdominal drains

No drain n.a. n.a. n.a. n.a. n.a. .392
Open-circuit drain 19 (45.2%) 4 (40%) 7 (70%) 7 (39%) 1 (25%)

Closed-circuit drain 19 (45.2%) 5 (50%) 3 (30%) 9 (50%) 2 (50%)

Only in selected cases 4 (9.6%) 1 (10%) n.a. 2 (11%) 1 (25%)

*Fischer’s exact test

TCR total caval replacement, PB piggy-back, vvBP veno-venous bypass, PCS portocaval shunt, AFR artery first reperfusion, PVFR portal vein first
reperfusion, SIR simultaneous reperfusion, RER retrograde reperfusion
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controlled studies, suggesting that prophylactic intra-
abdominal drainage in major abdominal surgery may result
in significant drain-related morbidity.9,28,29 A systematic re-
view on the routine intra-abdominal drainage in OLT
remained inconclusive.9 Although the quality of evidence is
low, the majority of previous studies observed a lack of benefit
for the routine use of abdominal drainage in OLT.9,29 Most
centers use passive open- or close-circuit drain systems. In an
observational cohort study by Fernandez-Aguilar et al., an
increased need for paracentesis due to ascites in the early
post-OLT days was demonstrated for the no-drain group,
while a higher incidence of peri-hepatic hematomas with the
use of routine drainage was also noted.30 In 2015, Weiss et al.
compared open- and close-circuit drains in a retrospective
analysis in OLT patients.29 Although their results show an
increased rate of abdominal infections, reoperations, and more
intra-abdominal hematomas in the open-circuit drain group,
these findings are yet to be confirmed in studies with lower
risk of selection bias and systematic errors. In our survey
cohort, centers that routinely use intra-abdominal drains justi-
fied doing so for diagnostic purposes (n = 27), removing intra-
abdominal fluid (n = 32), and due to institutional standards
(n = 10). Most centers with a more selective drain policy after
OLT (n = 3) intend to avoid drain-related morbidity.

The preferred surgical technique for biliary reconstruction
in our cohort was the EEDD (86%). The placement of a biliary
drain in EEDD is performed in complex cases with donor-
recipient size mismatch, re-do anastomosis, DCD donors, or
in generally difficult bile duct anastomosis, as reported by 19%
of all survey centers. Six centers use the side-to-side approach
(SSDD) combined with a mandatory biliary drain. This corre-
lates well with current evidence, as a recent systematic review
including 3 RCTs, 6 prospective trials, and 48 further cohort
studies suggests no difference of EEDD without drain versus
SSDDwith drain in risk of developing biliary complications.31

The use of biliary drains was advocated in eight centers for

physical support of the anastomosis to reduce complications
(e.g., leakage, stenosis) and five centers stated diagnostic pur-
poses behind the use of biliary drainage (e.g., bile quality and
quantity, cholangiography). Two centers responded that the
rationale for using biliary drains in OLT is only a matter of
institutional protocol and center routine. In our assessments
using Fisher’s exact test, we could not find any significant
association between center caseload and the implemented sur-
gical approach. Although this supports the main message of
our survey which demonstrates a substantial heterogeneity and
lack of best practices regarding the utilization of various surgi-
cal techniques within Europe, our approach has certain limita-
tions. Within our study, the caseload of centers has been divid-
ed into four categories (< 25, 25–50, 50–100, > 100 OLT/year);
therefore, only ranges and no exact center-specific caseload
numbers were used during the analysis. Furthermore, the lack
of significant differences might also be attributed to the low
sample sizes in certain technical subgroups. In this context, it
should be emphasized that the surveyed transplant networks
also show significant differences among each other. As such,
the BTS and ScaT networks concentrate their OLT activity
exclusively in few high-volume centers (Table 1).

Interestingly, only five respondents (12%) in our survey
cohort believe there is overall enough evidence for the
above-detailed technical aspects of OLT. The opinion of the
rest of the responding representatives (88%) demonstrated a
need for further well-designed multicenter trials and interna-
tional standardization (Fig. 1). According to the feedback giv-
en, the overwhelming majority (98%, 41/42) of the sampled
centers would agree to participate in multicenter RCTs on
these topics (Fig. 1). Few centers, however, emphasized pos-
sible pitfalls in planning multicenter RCTs investigating clin-
ical outcome in an imprecisely defined and heterogeneous
OLT recipient population. Therefore, the feasibility of alterna-
tive prospective study designs (e.g., prospective case-matched
analysis) should be explored in future clinical trials.

Fig. 1 Opinion of the respondents
(n = 42) on current evidence and
their interest in participating
multicenter trials on the discussed
surgical topics
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In conclusion, the results of our survey demonstrate a sig-
nificant heterogeneity in the first-line surgical approach for
OLTamong European centers. To ensure a high-response rate,
the present survey was based on simple and easy to answer
questions without the need of systematic data retrieval from
the side of the respondent. Furthermore, the questions were
designed to address key surgical aspects of adult whole-graft
deceased donor OLT. To limit the number of possible answers,
alternative first-line techniques used only in a subset of pa-
tients (e.g., hepatico-jejunostomy in PSC) as well as different
technical modifications of the classical piggy-back technique
(two vs. three hepatic veins vs. side-to-side cavo-caval
anastomosis22) were not surveyed separately.

Although, the exact numbers slightly differ from previous
survey cohorts10,14 and our study is descriptive in nature, our
results reflect the general practice in a large European collec-
tive of liver transplant centers with nearly 3000 OLTs per-
formed in these centers every year (Table 1). Decision-
making in OLT is insufficiently supported by evidence, and
the need for well-designed multicenter RCTs is imminent. It
should be noted, however, that the planning of a well-designed
multicenter RCTs in this field is complicated by a number of
confounding factors (open-label design, heterogeneous patient
population, surgeon factor, graft, and recipient factors) that can
significantly influence a single primary end-point and the final
conclusion drawn. It is anticipated that the results of the present
work will generate discussions, particularly between transplant
surgeons as well as within the national and international asso-
ciations, responsible for coordinating organ transplant activi-
ties. In addition, our findings may also promote collaborative
multicenter research to generate high-level evidence and inter-
national consensus on technical aspects of liver transplantation.
Further important questions such as a current status update on
the utilization of clinical liver machine perfusion, aspects of
donation after cardiac death or the use of rescue revasculariza-
tion techniques, issues of living donor or split liver transplan-
tation, as well as those of liver re-transplantation should be
addressed in future surveys.

Acknowledgements The authors would like to thank the responsible
boards of the ET, BTS, ST, and ScaT for their support and Dr. Marieke
van Rosmalen (ET) for her kind assistance.

Authors’ Contribution The study was designed and the survey was dis-
tributed by the initiating study team (ZC, UPN, JB, GL). Data collection
and analysis was performed by ZC, UPN, JB, and GL. Initial manuscript
was drafted by ZC, GL, JB, UPN, and MNS. Further authors (JP, MG,
SN, AM,GB, XR, JP, JL, ZM, PD, BE,MM, NH,WS) have substantially
contributed to the final version of the manuscript. All authors have read
and approved the final version of the manuscript.

Funding This research project is supported by the START-Program (No.
136/17) of the Faculty of Medicine, RWTH Aachen, and funded by the
Excellence Initiative of the German federal and state governments
(G:(DE-82) ZUK2-SF-OPSF443).

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflicts of
interest.

Appendix

The Survey Study Group consists of:
Klempnauer, Jürgen (University Hospital Hannover,

Department of Surgery and Transplantation, Hannover,
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and Transplantation, Hamburg, Germany); Lang, Hauke
(University Hospital Mainz, Department of Surgery and
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Slovenia); Tomazic, Ales (University Hospital Ljubljana,
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Center, Department of HPB Surgery and Transplantation,
Rotterdam, The Netherlands); Banz-Wüthrich, Vanessa
(University Hospital Bern, Department of Surgery and
Transplantation, Bern, Switzerland); Rasmussen, Allan
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Copenhagen, Denmark); Pål-Dag Line (University Hospital
Oslo, Department of Solid Organ Transplantation, Oslo,
Norway); Isoniemi, Helena (University Hospital Helsinki,
Department of Transplantation and Liver Surgery, Helsinki,
Finland;); Wigmore, Steve (University of Edinburgh,
Edinburgh Transplant Unit Royal Infirmary of Edinburgh,
Edinburg, United Kingdom).

References

1. Starzl TE, Fung JJ. Themes of liver transplantation. Hepatology
(Baltimore, Md). 2010;51(6):1869–84.

2. Czigany Z, Schoning W, Ulmer TF, Bednarsch J, Amygdalos I,
Cramer T, Rogiers X, Popescu I, Botea F, Fronek J, Kroy D,
Koch A, Tacke F, Trautwein C, Tolba RH, Hein M, Koek GH,
Dejong CHC, Neumann UP, Lurje G. Hypothermic oxygenated
machine perfusion (HOPE) for orthotopic liver transplantation of
human liver allografts from extended criteria donors (ECD) in do-
nation after brain death (DBD): a prospective multicentre
randomised controlled trial (HOPE ECD-DBD). BMJ Open.
2017;7(10):e017558.

3. Gurusamy KS, Koti R, Pamecha V, Davidson BR. Veno-venous
bypass versus none for liver transplantation. The Cochrane database
of systematic reviews. 2011;(3):Cd007712.

4. Gurusamy KS, Naik P, Abu-Amara M, Fuller B, Davidson BR.
Techniques of flushing and reperfusion for liver transplantation.
The Cochrane database of systematic reviews. 2012;(3):Cd007512.

5. Gurusamy KS, Pamecha V, Davidson BR. Piggy-back graft for
liver transplantation. The Cochrane database of systematic reviews.
2011;(1):Cd008258.

6. Burns KE, Duffett M, Kho ME, Meade MO, Adhikari NK, Sinuff
T, Cook DJ. A guide for the design and conduct of self-
administered surveys of clinicians. CMAJ : Canadian Medical
Association journal = journal de l'Associationmedicale canadienne.
2008;179(3):245–52.

7. Bennett C, Khangura S, Brehaut JC, Graham ID, Moher D, Potter
BK, Grimshaw JM. Reporting guidelines for survey research: an
analysis of published guidance and reporting practices. PLoS med-
icine. 2010;8(8):e1001069.

8. Starzl TE, Marchioro TL, Porter KA, Brettschneider L.
Homotransplantation of the liver. Transplantation. 1967;5(4):
Suppl:790–803.

9. Gurusamy KS, Naik P, Davidson BR. Routine drainage for
orthotopic liver transplantation. The Cochrane database of system-
atic reviews. 2011;(6):Cd008399.

10. Manzini G, Kremer M, Houben P, Gondan M, Bechstein WO,
Becker T, Berlakovich GA, Friess H, Guba M, Hohenberger W,
Ijzermans JN, Jonas S, Kalff JC, Klar E, Klempnauer J, Lerut J,
Lippert H, Lorf T, Nadalin S, Nashan B, Otto G, Paul A, Pirenne J,
Pratschke J, Ringers J, Rogiers X, Schilling MK, Seehofer D,
Senninger N, Settmacher U, Stippel DL, Tscheliessnigg K,
Ysebaert D, Binder H, Schemmer P. Reperfusion of liver graft
during transplantation: techniques used in transplant centres within
Eurotransplant and meta-analysis of the literature. Transplant

international : official journal of the European Society for Organ
Transplantation. 2013;26(5):508–16.

11. Jesse MT, Abouljoud M, Eshelman A. Determinants of burnout
among transplant surgeons: a national survey in the United States.
American journal of transplantation : official journal of the
American Society of Transplantation and the American Society of
Transplant Surgeons. 2015;15(3):772–8.

12. Levitsky J, Singh N, Wagener MM, Stosor V, Abecassis M, Ison
MG. A survey of CMV prevention strategies after liver transplan-
tation. American journal of transplantation : official journal of the
American Society of Transplantation and the American Society of
Transplant Surgeons. 2008;8(1):158–61.

13. Nadim MK, Davis CL, Sung R, Kellum JA, Genyk YS.
Simultaneous liver-kidney transplantation: a survey of US trans-
plant centers. American journal of transplantation : official journal
of the American Society of Transplantation and the American
Society of Transplant Surgeons. 2012;12(11):3119–27.

14. Kluger MD, Memeo R, Laurent A, Tayar C, Cherqui D. Survey of
adult liver transplantation techniques (SALT): an international
study of current practices in deceased donor liver transplantation.
HPB : the official journal of the International Hepato Pancreato
Biliary Association. 2011;13(10):692–8.

15. Mehrabi A, Mood ZA, Fonouni H, Kashfi A, Hillebrand N, Muller
SA, Encke J, Buchler MW, Schmidt J. A single-center experience
of 500 liver transplants using the modified piggyback technique by
Belghiti. Liver transplantation : official publication of the American
Association for the Study of Liver Diseases and the International
Liver Transplantation Society. 2009;15(5):466–74.

16. Pratschke S, Rauch A, Albertsmeier M, Rentsch M, Kirschneck M,
Andrassy J, Thomas M, Hartwig W, Figueras J, Del Rio Martin J,
De Ruvo N, Werner J, Guba M, Weniger M, Angele MK.
Temporary Intraoperative Porto-Caval Shunts in Piggy-Back
Liver Transplantation Reduce Intraoperative Blood Loss and
Improve Postoperative Transaminases and Renal Function: A
Meta-Analysis. World journal of surgery. 2016;40(12):2988–98.

17. Tzakis A, Todo S, Starzl TE. Orthotopic liver transplantation with
preservation of the inferior vena cava. Annals of surgery.
1989;210(5):649–52.

18. Schmitz V, Schoening W, Jelkmann I, Globke B, Pascher A, Bahra
M, Neuhaus P, Puhl G. Different cava reconstruction techniques in
liver transplantation: piggyback versus cava resection.
Hepatobiliary & pancreatic diseases international : HBPD INT.
2014;13(3):242–9.

19. Jovine E, Mazziotti A, Grazi GL, Ercolani G, Masetti M, Morganti
M, Pierangeli F, Begliomini B, Mazzetti PG, Rossi R, Paladini R,
Cavallari A. Piggy-back versus conventional technique in liver
transplantation: report of a randomized trial. Transplant internation-
al : official journal of the European Society for Organ
Transplantation. 1997;10(2):109–12.

20. Brescia MD, Massarollo PC, Imakuma ES, Mies S. Prospective
Randomized Trial Comparing Hepatic Venous Outflow and Renal
Function after Conventional versus Piggyback Liver
Transplantation. PloS one. 2015;10(6):e0129923.

21. Hesse UJ, Berrevoet F, Troisi R, Pattyn P, Mortier E, Decruyenaere
J, de Hemptinne B. Hepato-venous reconstruction in orthotopic
liver transplantation with preservation of the recipients’ inferior
vena cava and veno-venous bypass. Langenbeck’s archives of sur-
gery / Deutsche Gesellschaft fur Chirurgie. 2000;385(5):350–6.

22. Belghiti J, Panis Y, Sauvanet A, Gayet B, Fekete F. A new tech-
nique of side to side caval anastomosis during orthotopic hepatic
transplantation without inferior vena caval occlusion. Surgery, gy-
necology & obstetrics. 1992;175(3):270–2.

23. CesconM, Grazi GL, Varotti G, Ravaioli M, Ercolani G, Gardini A,
Cavallari A. Venous outflow reconstructions with the piggyback
technique in liver transplantation: a single-center experience of

J Gastrointest Surg



431 cases. Transplant international : official journal of the European
Society for Organ Transplantation. 2005;18(3):318–25.

24. Polak WG, Porte RJ. The sequence of revascularization in liver
transplantation: it does make a difference. Liver transplantation :
official publication of the American Association for the Study of
Liver Diseases and the International Liver Transplantation Society.
2006;12(11):1566–70.

25. Heidenhain C, Heise M, Jonas S, Ben-Asseur M, Puhl G, Mittler J,
Thelen A, Schmidt S, Langrehr J, Neuhaus P. Retrograde reperfu-
sion via vena cava lowers the risk of initial nonfunction but in-
creases the risk of ischemic-type biliary lesions in liver transplanta-
tion—a randomized clinical trial. Transplant international : official
journal of the European Society for Organ Transplantation.
2006;19(9):738–48.

26. Weniger M, Andrassy J, Weig T, Grabein B, Crispin A, Rentsch M,
Siebers C, Bazhin A, D'Haese JG, Hartwig W, Werner J, Guba M,
Faist E, Pratschke S, Angele MK. Temporary Intra-Operative
Portocaval Shunts, Post-Operative Infections, and Mid-Term
Survival after Cava-Sparing Liver Transplantation. Surgical infec-
tions. 2017;18(7):803–9.

27. van Rijn R, Karimian N, Matton APM, Burlage LC, Westerkamp
AC, van den Berg AP, de Kleine RHJ, de BoerMT, Lisman T, Porte
RJ. Dual hypothermic oxygenated machine perfusion in liver

transplants donated after circulatory death. The British journal of
surgery. 2017;104(7):907–17.

28. Petrowsky H, Demartines N, Rousson V, Clavien PA. Evidence-
based value of prophylactic drainage in gastrointestinal surgery: a
systematic review and meta-analyses. Annals of surgery.
2004;240(6):1074–84; discussion 84-5.

29. Weiss S, Messner F, HuthM,Weissenbacher A, Denecke C, Aigner
F, Brandl A, Dziodzio T, Sucher R, Boesmueller C, Oellinger R,
Schneeberger S, Oefner D, Pratschke J, Biebl M. Impact of abdom-
inal drainage systems on postoperative complication rates following
liver transplantation. European journal of medical research.
2015;20:66.

30. Fernandez-Aguilar JL, Suarez Munoz MA, Santoyo Santoyo J,
Sanchez-Perez B, Perez-Daga JA, Aranda Narvaez JM, Ramirez
Plaza C, Becerra Ortiz R, Titos Garcia A, Gonzalez Sanchez A,
Montiel Casado C. Is liver transplantation without abdominal drain-
age safe? Transplantation proceedings. 2010;42(2):647–8.

31. Paes-Barbosa FC, Massarollo PC, Bernardo WM, Ferreira FG,
Barbosa FK, Raslan M, Szutan LA. Systematic review and meta-
analysis of biliary reconstruction techniques in orthotopic deceased
donor liver transplantation. Journal of hepato-biliary-pancreatic sci-
ences. 2011;18(4):525–36.

Affiliations

Zoltan Czigany1 &Marcus N. Scherer2 & Johann Pratschke3 &Markus Guba4 & Silvio Nadalin5
& Arianeb Mehrabi6 &

Gabriela Berlakovich7
& Xavier Rogiers8 & Jacques Pirenne9

& Jan Lerut10 & Zoltan Mathe11 & Philipp Dutkowski12 &

Bo-Göran Ericzon13
&Massimo Malagó14

&Nigel Heaton15
&Wenzel Schöning1

& Jan Bednarsch1
&Ulf Peter Neumann1

&

Georg Lurje1

1 Department of Surgery and Transplantation, University Hospital

RWTH Aachen, Pauwelsstrasse 30, Aachen 52074, Germany

2 Department of Surgery and Transplantation, University Hospital

Regensburg, Regensburg, Germany

3 Department of Surgery and Transplantation, University Hospital

Berlin - Charité, Berlin, Germany

4 Department of Surgery, University Hospital Munich,

Munich, Germany

5 Department of Surgery and Transplantation, University Hospital

Tuebingen, Tuebingen, Germany

6 Department of General, Visceral and Transplant Surgery, University

of Heidelberg, Heidelberg, Germany

7 Department of Surgery, Division of Transplantation, Medical

University of Vienna, Vienna, Austria

8 Department of Solid Organ Transplantation, University Hospital

Gent, Ghent, Belgium

9 Department of Hepatobiliary Surgery and Transplantation,

University Hospital Leuven, Leuven, Belgium

10 Unit of Liver Transplantation and General Surgery, University

Hospitals St.-Luc, Brussels, Belgium

11 Department of Surgery and Transplantation, Semmelweis

University, Budapest, Hungary

12 Department of Surgery and Transplantation, University Hospital

Zurich, Zurich, Switzerland

13 Department of Solid Organ Transplantation, University Hospital

Stockholm - Karolinska Institute, Stockholm, Sweden

14 Department of Hepatobiliary Surgery and Transplantation,

University College London, London, UK

15 Department of Hepatobiliary Surgery and Transplantation, King’s

College Hospital, London, UK

J Gastrointest Surg

http://orcid.org/0000-0001-9674-0756

	Technical...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods and Analysis
	Survey Development and Data Collection
	Data Analysis

	Results
	Characteristics
	Technical Aspects of Liver Transplantation

	Discussion
	Appendix
	References


