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ABSTRACT
Introduction: In adult liver transplantation (LT), Piggyback (PB-LT) and conventional (CON-LT) methods

are the most commonly used approaches. However, the clinical outcomes of the two approaches and their
survival rates have yet to be well examined. This study aimed to conduct a quantitative meta-analysis fo-
cused on the efficacy and safety of PB-LT and CON-LT procedures.

Methods: This systematic review and meta-analysis followed the PRISMA standards. The literature
search was conducted on certain databases, including Cochrane Library, PubMed, Scopus, and EMBASE.
The Newcastle-Ottawa Quality Assessment Scale and the risk of Cochrane Collaboration of bias tool were
used to analyze eligible articles and evaluate their quality.

Results: The results showed that eight retrospective cohort studies and three RCTs were included. When
PB-LT was used instead of CON-LT, perioperative red blood cells consumption decreased substantially (MD
-1.49; 95% CI -2.53 to -0.45; p = 0.005), with significantly short hospital stay (MD -1.67; 95% CI -2.13 to
-1.22; p =＜0.001) and reduced warm (MD -8.7; 95% CI -14.93 to -2.48; p = 0.006) and cold (MD -48.32; 95%
CI -61.03 to -35.61; p = ＜0.001) ischemia durations. Furthermore, there were no significant differences in
primary graft nonfunction, total operation duration, hepatobiliary complication, length of ICU stay, 1-year
mortality, and 1-year graft survival using either PB-LT or CON-LT.

Conclusions: This study found that PB-LT and CON-LT were viable options for adult LT. The PB-LT ap-
proach had different short-term outcomes. However, the two approaches had no significant differences in
long-term clinical outcome indicators.
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Introduction

Liver transplantation (LT) is a life-saving surgery for pa-
tients experiencing severe liver dysfunction due to sub-
stantial loss of hepatic cells. This clinical condition is char-

acterized by elevated bleeding and thrombosis risks, acid-
base homeostasis alterations, a systemic inflammatory re-
sponse, hemodynamic instability, and organ failure.１，２）Can-
didates awaiting transplantation face a terminal condition
with significant needs, requiring comprehensive and com-
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Fig.　1　Different Surgical Methods Used in Liver Transplantation8） 

plex medical care even in the most advanced stages.３，４）

Since the first human liver transplantation was established
in 1963, 98,989 patients who had end-stage liver diseases
have had functional grafts.５）Between 2006 and 2010, Asia
reported a constant increase in living donor liver trans-
plantation (LDLT) rates, while Europe experienced a slight
increase and the USA recorded a decline.６，７）China is the
only Asian country where deceased donor liver transplan-
tation (DDLT) is more common than LDLT, with 95% of
donated liver coming from deceased donors.８）DDLT pro-
gram in Asia faces obstacles, such as a need for increased
public awareness, religious issues, and proper laws. Conse-
quently, most Asian countries fail to increase DDLT rates,
with LDLT accounting for more than 90% of all trans-
plants.９，１０）

The need for adult LT arises from severe diseases and
conditions in which the function has critically deteriorated.
For instance, Hepatocellular Carcinoma (HCC) typically
develops due to liver cirrhosis, acting as a precancerous
stage. Consequently, LT is used as the sole potentially
curative approach for the underlying cirrhosis, aside from
resection or local ablative treatments.１１，１２）Patients with full
recovery potential must be recognized, as it makes LT un-
necessary and potentially harmful. Identifying those at a
high risk of progression is crucial, as sepsis or irreversible
organ failures may affect their suitability for transplanta-
tion and post-transplantation outcomes.１２） Recurrent dis-
ease after a former transplant, including failed past non-
liver transplants, might result in liver failure and necessi-
tate retransplantation.１３）Over the last decades, different
surgical approaches have been performed to improve out-
comes.

Piggyback (PB-LT) and conventional (CON-LT) methods
are the most frequently used approaches (Fig. 1). In the

CON-LT approach, the liver and the retrohepatic portion
of the inferior vena cava (IVC) are completely removed, in-
terrupting the venous return of the infradiaphragmatic
bed. In contrast, the PB-LT approach preserves the recipi-
ent IVC side-to-side or the suprahepatic end anastomosed
to the hepatic veins with the donor IVC still attached.１４―１６）

Several studies comparing these two approaches have
been conducted, with the results showing significant impli-
cations for short- and long-term outcomes. Most of these
studies included patients with various liver diseases, pro-
viding homogenous data on overall mortality, intraopera-
tive blood loss, total operation time, and length of hospital
stay after LT surgery. However, the clinical outcomes and
survival rates must be consistent and well-studied. Thus,
these LT surgical approaches must be systematically com-
pared. Therefore, this study aimed to compare the efficacy
of CON-LT and PB-LT procedures from existing literature
by quantitative meta-analysis. The results will provide cli-
nicians with valuable information that can assist in making
well-informed decisions regarding the most appropriate
surgical approach for LT.

Methods

Data sources and search strategy
This systematic review and meta-analysis followed the

Preferred Reporting Items for Systematic Review and
Meta-Analysis guidelines.１７） All protocols were officially
registered on The International Prospective Register of
Systematic Reviews (PROSPERO) under the reference
number CRD42023462283. This meta-analysis constituted
a supplementary investigation built upon previously pub-
lished data. Therefore, ethical clearance or specific in-
formed consent was not required.

PubMed, Scopus, the Cochrane Library, and EMBASE
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were the databases used to search for relevant Random-
ized Controlled Trials (RCTs) and observational studies
comparing short- and long-term outcomes of LT using the
two approaches. Search terms used were “conventional
versus piggyback”, “liver transplantation”, and “surgical
outcomes”. Two authors, namely FM and NR, selected
studies and extracted data, including evaluation following
an established protocol. PB-LT and CON-LT procedures
were compared to understand each approach’s relative
benefits and drawbacks. By combining data from various
clinical studies, meta-analysis can improve statistical
power and identify differences in clinically important out-
comes.
Eligibility criteria
Studies focusing on adult (≥18 years old) human LT pro-

cedures that compare CON-LT and PB-LT approach out-
comes were included. Eligible individuals were those with
conditions, such as end-stage liver disease, acute liver fail-
ure, and liver cancer, who had exhausted medical treat-
ment options and faced a considerable risk of death, neces-
sitating a transplant. There were no gender, ethnicity, re-
gion, educational background, or economic status limita-
tions. In the experimental group, adult patients received
PB-LT, while patients in the control group received stan-
dard treatment. Papers without sufficient available data,
other unrelated studies (such as non-comparative studies,
meta-analyses, literature reviews, case reports, and animal
studies), and those with poor approach quality were ex-
cluded from further analysis.
Data extraction and selection process
Two authors independently screened suitable titles, ab-

stracts, and full-text articles. Subsequently, full-text arti-
cles for all listed studies were collected for further eligibil-
ity assessment. Information was systematically extracted
regarding title, author, year of publication, and baseline
characteristics of patients. As predictive parameters of
short- and long-term surgical outcomes, the following were
collected: blood product usage (red blood cells/RBC con-
sumption), cold and warm ischemia, total operation time,
hepatobiliary complication, length of intensive care unit
(ICU) stay, length of hospital stay, primary graft nonfunc-
tion, 1-year graft survival, and 1-year mortality.
Statistical analysis
The comparisons were reported as the mean difference

(MD) for continuous variables, risk ratio (RR) for dichoto-
mous variables, and the 95% Confidence Interval (CI). An
I2 value approaching 0% indicated low heterogeneity,

while large values implied high heterogeneity. During the
data analysis, a fixed effect model (I2 ＜50%) or a random
effect model (I2 ＞50%) was used. Publication bias was
visually evaluated by examining funnel plots, while pooled
analyses were conducted using Review Manager
(RevMan) software version 5.4.1 manufactured by The Co-
chrane Collaboration.
Risk of bias assessment
The risk of bias in trials was assessed with the compo-

nents recommended by Cochrane Collaboration (CC)１８） for
randomized control trials and the Newcastle-Ottawa Scale
(NOS).１９） For the CC trial assessment, scores (up to 12
points) were assigned, with high scores representing low
bias risks. The NOS was used to assess the observational
studies, with a total maximum score of 9 points.

Results

Study selection
A total of 975 potentially relevant studies were identi-

fied, but 709 were removed after reviewing their titles and
abstracts. Full-text articles from the remaining 33 refer-
ences were assessed for eligibility. Among these, 22 stud-
ies were excluded, including 12 due to insufficient out-
comes data, 7 being categorized as other study types (case
series/report), and 3 for reporting irretrievable full-text ar-
ticles. In this systematic review and meta-analysis, 11 se-
lected studies published between 1997 and 2021 were con-
sidered, with 1,820 patients comprising 836 and 984 under-
going PB-LT and CON-LT, respectively. Moreover, the in-
cluded studies comprise eight retrospective cohort studies
and three RCTs fulfilling the criteria for data extraction.
Details of study selection are listed in Fig. 2, showing the
data from each cohort and trial using the current surgical
outcomes parameter.
Study characteristics
The studies featured a large sample size, ranging from

37 to 384. Most were primarily centered on adults suffer-
ing from cirrhosis due to chronic diseases, malignancies,
and acute liver failure, reflecting the predominant patient
demographics for transplantation. All investigations were
single-center based and conducted on adult patients above
18 years old across various countries, with the majority
coming from Europe and Asia. Details of included studies
regarding the number of patients, evaluated outcomes,
and results are listed in Table 1.４―１４）

Risk of bias in studies
The overall quality assessment of the cohort and RCT
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Fig. 2 PRISMA Flow Diagram 

studies was considered suitable. In cohort studies,
three２１，２５，３０） were classified as very good (9-10 points),
four２２―２４，２９）were good (7-8 points), and one２０）was satisfac-
tory (5-6 points). The risk of bias in all RCT２６―２８）was moder-
ate, and a detailed summary is given in Fig. 3a, b.
Short-term surgical outcomes
When PB-LT was used instead of CON-LT, periopera-

tive RBC consumption decreased substantially２１―２８） (MD
-1.49; 95% CI -2.53 to -0.45; p = 0.005), with significantly
short total hospital stay２１，２３，２７，２８，３０） (MD -1.67; 95% CI -2.13
to -1.22; p = ＜0.001) and reduced warm２０，２２，２３，２５，２８） (MD
-8.7; 95% CI -14.93 to -2.48; p = 0.006) and cold２２，２３，２５―２７）

(MD -48.32; 95% CI -61.03 to -35.61; p =＜0.001) ischemia
duration. Furthermore, both procedures’ total operation
time２１―２３，２５―２９） (MD -14.55; 95% CI -40.30 to 11.20; p = 0.27)
and length of ICU stay２２，２３，２５，２９，３０）(MD -1.38; 95% CI -3.39 to
-0.63; p = 0.18) did not exhibit statistically significant dif-
ferences. The results of short-term surgical outcomes are
illustrated in Fig. 4.

Long-term surgical outcomes
Long-term surgical outcomes using the PB-LT approach

were similar to that of CON-LT. According to the pooled
result, there was no significant difference in the risk of 1-
year mortality２２―２６，３０）(RR 1.00; 95% CI 0.51 to 1.95; p = 1.00),
1-year graft survival２２―２５，３０）(RR 1.66; 95% CI 0.75 to 3.66; p =
0.21), primary graft nonfunction２１―２３，２９）(RR 1.15; 95% CI 0.49
to 2.7; p = 0.74), and hepatobiliary complication２０―２３，２５，２９，３０）

(RR 0.95; 92% CI 0.67 to 1.27; p = 0.62). The results for long-
term surgical outcomes are represented in Fig. 5.

Discussion

Several factors influence the success rate of LT, with
approach-related parameters, such as operative duration,
blood product usage, length of hospital stay, and post-
surgical complications. This meta-analysis aimed to assess
short- and long-term outcomes of LT using CON-LT and
PB-LT approaches. An in-depth review of the available lit-
erature on RCT and cohort studies was conducted. The re-
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sults will assist clinicians in selecting the most suitable LT
approach. In transplantation settings, there is a highly
complex immune system. When the liver is transferred
from a donor to a recipient, the alloantigen, primarily the
allogeneic major histocompatibility complex or human leu-
kocyte antigens in humans, is widespread and may poten-
tially persist throughout the recipient’s lifespan.３１，３２）This
alloantigen can be delivered by professional and nonpro-
fessional antigen-presenting cells at multiple sites.３１，３３，３４）Re-
jection in LT constitutes cellular and humoral alloimmune
responses, which play crucial roles in regulating tolerance
mechanisms.３４）

Regarding short-term surgical outcomes, the results
showed a significant difference, favoring the PB-LT group
rather than the CON-LT group. Preserving the recipient’s
IVC and partial liver in PB-LT may reduce the incidence
of hepatic venous outflow blockage and improve the over-
all hemodynamics.２７，３５）Due to the underlying liver illness
and hemostatic changes associated with the transplant,
complex coagulation abnormalities may occur during
transplantation.３６） Hemostatic changes are potentially
caused by hemodilution, platelet consumption, thrombin
dysfunction, and fibrinolysis.３６，３７）In three studies,２０，２１，２４）the
PB-LT approach showed several advantages, including
shorter operation time and lower estimated blood loss and
complications during surgery than that of the CON-LT ap-
proach. In line with the results, PB-LT had a low intraop-
erative RBC loss, short length of hospital stay, and re-
duced warm (the period between the donor liver being re-
moved from the ice until blood reperfusion in the recipi-
ent) and cold (the period between the aorta clamp in the
donor and liver’s release from ice for implantation in the
recipient) ischemia duration in five studies.２０，２１，２４，２６，２８）How-
ever, another study stated that reduced cold ischemia du-
ration does not significantly affect outcomes.２２）

According to Al-Kurd et al.,３８） significantly increasing
trends were observed in transfusion demand, estimated
blood loss, and high lactate levels with prolonged recipient
warm ischemia duration. The duration of cold ischemia
minimally impacted histological changes and correlated
with hepatic injury, manifested by an elevation in blood
ALT and total bilirubin levels.３９）RBC usage was lower in
the PB-LT group than in the CON-LT group, and this con-
curred with a previous study on reduced hemodynamic in-
stability.４０）The significant determinants affecting transfu-
sion requirements include the severity of disease (evalu-
ated by Child-Pugh Score or model for end-stage liver dis-
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ease classification), preoperative prothrombin time, history
of abdominal operations, and Factor V levels.３７，４１）The sur-
gical team’s experience was also reported as an independ-
ent predictor of transfusion.４２） According to Mehrabi et
al.,４３）the PB approach reduces ICU and hospital stays.

Regarding long-term outcomes, the two surgical ap-
proaches did not significantly differ. The analysis results
showed similar rates of 1-year mortality, 1-year graft sur-
vival, primary graft nonfunction, and hepatobiliary compli-
cation. A comparative study by Nikeghbalian et al. sup-
ported this result, showing no significant differences in
survival rates between the two groups.４４）Outflow disrup-
tion or vena cava obstruction in the early post-liver trans-
plant phase was associated with substantial morbidity and
death.１９） Previous studies found that high recipient age,
weight, and donor age decreased graft survival.４５，４６）Fur-

thermore, primary nonfunction (PNF) demands emer-
gency retransplantation as a life-saving surgery.４７―４９） In a
study conducted by Nanashima et al. on 93 patients, those
who experienced early graft dysfunction had considerably
increased in-hospital mortality (35% vs. 5%). Based on a
previous report, mortality can reach approximately 90% in
cases of PNF diagnosis.４７）

Our study did not emphasize the PB-LT method for LT
as superior because it did not show a substantial effect on
long-term outcomes, such as 1-year mortality and graft
survival, the ultimate measures of transplantation success
despite its short-term benefits. Reduced RBC use and hos-
pital stays are beneficial, but without long-term benefits,
their clinical value is secondary to patient survival and
graft life. Furthermore, the substantial limitations in the
data, such as retrospective designs, high heterogeneity,
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Fig. 4 a-f. Short-term Parameters Forest Plot 

and potential biases, require a cautious interpretation of
these findings. Aside from the surgical procedure, various
factors influence LT success, including the recipient’s im-
mune system reactions, pre-existing health conditions, and
postoperative care quality.５０，５１）Considering the importance
of the surgical team’s expertise and the protocols followed
at various transplant centers, the short-term improve-
ments associated with PB-LT may not be decisive in se-
lecting it as the preferred method.

The lack of difference in long-term outcomes highlights
the pivotal role of post-transplant care. Long-term success
depends on the surgical procedure and postoperative man-
agement, particularly a strict regimen of immunosuppres-
sants to prevent graft rejection, regular monitoring via
blood tests and imaging to assess liver function and detect
complications, and lifestyle modifications with dietary
guidance and psychological support.５２） This comprehen-
sive care is provided by a multidisciplinary team focused
on personalized medication management, early complica-
tion intervention, and patient education on self-care. More-
over, the included studies predominantly feature devel-
oped countries with well-established transplant centers

providing comprehensive care, which likely contributes to
the similar long-term outcomes observed across different
surgical procedures.

This meta-analysis had a few limitations. First, most of
the included studies used a retrospective design, with only
three RCTs found in the literature. Second, the results
were based on a limited number of studies with high levels
of heterogeneity. The underlying disparities in patient
characteristics could have influenced the overall outcomes.
Third, other factors potentially influencing LT results,
such as comorbidities, nutritional status, and severity of
liver disease, were not specifically addressed. Differences
in surgical approaches and perioperative care practices
between centers contributed to the unexamined outcomes
variance in this study.

Based on the results, it was concluded that PB-LT and
CON-LT were safe and feasible for short- and long-term
outcomes after surgery. Although both approaches have
equivalent long-term efficacy, the PB-LT approach can
minimize early postoperative issues. The presence of a
high bias risk emphasizes the significance of interpreting
the results with caution. Further studies are required to
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confirm the results and determine the optimal approach
for LT depending on the clinical circumstances.
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