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ABSTRACT
Introduction Combined heart and liver transplantation (CHLT) is one of the most complex procedures of surgery that has been implemented in the last 35
years. The aim of our meta-analysis was to investigate the safety and efficacy of CHLT.
Materials The meta-analysis was designed according to PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) and AMSTAR (A
MeaSurement Tool to Assess systematic Reviews) recommendations. A literature search was conducted up to April 2020 using the MEDLINE,®

SCOPUS,® ClinicalTrials.gov, Embase™, Cochrane Central Register of Controlled Trials and Google Scholar™ databases.
Results Our meta-analysis included 16 studies with 860 patients. The mortality rate following CHLT was 14.1%. One and five-year survival rates were
85.3% and 71.4% while the heart and liver rejection rates were 6.1% and 9.1% respectively. The hospital stay was 25.8 days and the intensive care
unit stay was 9.9 days. Pooled values were also calculated for cardiopulmonary bypass duration, units of transfused red blood cells and fresh frozen
plasma, postoperative infection rate, mechanical ventilation rate and follow-up duration.
Conclusions Despite its complexity, CHLT is a safe and effective procedure for the management of lethal diseases that lead to progressive heart and/or
liver failure. Nevertheless, there must be strict adherence to the indications for surgery, and future studies should compare CHLT with isolated cardiac and
hepatic transplantations.
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Introduction
In 1985, a six-year old girl suffering from homozygous
familiar hypercholesterolaemia underwent a novel
surgical procedure consisting of both cardiac and hepatic
transplantation, the major indication of which was heart
failure due to rapidly progressing coronary artery
disease.1 Between 1988 and 2015, approximately 200
such operations took place in several high volume
hospitals in the US.2 Over the last few decades, numerous
clinical studies have described the combination of cardiac
and hepatic transplantation as a life saving operation in
cases of end-stage heart and liver failure.3

One of the most frequent indications for such a
procedure is familial amyloidosis (also called
transthyretin amyloidosis). This is a progressive and fatal
disease characterised by extracellular accumulation of
liver derived transthyretin in various organs (eg heart,
bladder, intestine and soft tissues), and presents with a
variety of overlapping syndromes of both familiar
amyloid polyneuropathy and cardiomyopathy.4,5

Another indication worth mentioning is heart failure
combined with cardiac cirrhosis. Cardiac cirrhosis is

caused by congenital heart disease and dilated
cardiomyopathy, which lead to hepatic dysfunction and
cirrhosis as a result of chronic hepatic congestion
secondary to elevated hepatic vein pressure, restricted
blood flow and oxygen saturation in hepatic cells.6 In
addition, excess iron in the heart and liver (resulting
from hereditary haemochromatosis and frequent blood
transfusions) often leads to combined heart and liver
transplantation (CHLT).7 Last but not least, homozygous
familial hypercholesterolemia, an autosomal dominant
disorder characterised by severe low density lipoprotein
receptor dysfunction and progressive atherosclerosis, is
another common reason for such surgery.8,9

Nowadays, owing to its complexity, several clinical
studies have attempted to investigate whether CHLT is
superior to isolated transplantations. Although no
statistically significant difference has been observed in
terms of survival rates, CHLT seems to be more
beneficial than an isolated cardiac transplantation,
possibly because of the immunoprotective effect of the
liver implant.10 On the other hand, no such correlation
has been demonstrated between CHLT and isolated
hepatic transplantation. However, only limited data are
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available on exact short and long-term complications and
survival after these procedures.11

The aim of this study was to gather the available
evidence published between 1985 and 2020 in order to
investigate the potential role of CHLT as a gold standard
therapeutic approach for simultaneous heart and liver
failure. Compared with the last reported meta-analysis in
this field,12 the present systematic review contains a
larger number of patients, who were included in more
recent studies in the literature.

Methods
The design of our meta-analysis adhered to PRISMA
(Preferred Reporting Items for Systematic reviews and
Meta-Analyses) and AMSTAR (A MeaSurement Tool to
Assess systematic Reviews) recommendations.13,14 The
MEDLINE®, SCOPUS®, ClinicalTrials.gov, Embase,™
Cochrane Central Register of Controlled Trials and
Google Scholar™ databases were scanned up to 23 April
2020. In addition, the chances of including all available
articles that met the inclusion criteria were maximised
by searching the references of all full-text articles
retrieved. The main search algorithm applied was:
(combined[All Fields] AND (“liver”[MeSH Terms] OR
“liver”[All Fields]) AND (“heart transplantation”[MeSH
Terms] OR (“heart”[All Fields] AND
“transplantation”[All Fields]) OR “heart
transplantation”[All Fields]). The PRISMA flow diagram
in Appendix 1 (available online) illustrates the article
selection process.

Study selection was performed in three stages. First,
duplicate publications were removed, following which
the titles and abstracts were read of all electronic articles
that appeared in the search in order to assess their
eligibility. Second, the full text of all articles that met the
inclusion criteria was downloaded, and all prospective
and retrospective observational studies were selected.
Study search and data tabulation was conducted by two
authors on similar, predefined forms. A consensus of all
authors resolved any conflicts after retrieving all
available data.

The eligibility criteria were predefined and there were no
data restrictions during the search procedure. All English
language articles were included as well as those written in
other languages using the Latin-script alphabet as long as
this could be translated with the Google Translate™
service. Prospective and retrospective observational studies
that demonstrated operative outcomes after CHLT were
eligible for inclusion. Case reports, experimental animal
studies and reviews were excluded.

Outcome measures
The primary outcomemeasures of our meta-analysis were
survival rates after one and five years, overall mortality
rate, cardiac and hepatic graft rejection rates, intensive
care unit (ICU) stay and length of hospitalisation.
Cardiopulmonary bypass duration, fresh frozen plasma

(FFP) and red blood cell (RBC) transfusion, postoperative
infection rate, mechanical ventilation requirement and
follow-up duration after CHLT were secondary outcome
measures.

Quality assessment of studies
The Newcastle–Ottawa scale was employed to assess the
methodological quality of the included articles.15 The
scale comprises eight items, divided into three groups:
selection of the study cohorts, comparability of the
cohorts and ascertainment of the outcome of interest.
Studies were graded with stars for each item. Nine stars
was the maximum possible score for each study.
(Amaximum of two stars can be awarded for comparability.)

Surgical technique
CHLT is a combination of the surgical procedures that are
followed for the isolated transplantation of each organ
separately. Most of the studies included in our
meta-analysis followed the same technique and CHLT
was undertaken during the same operation.

The procedure commenced with heart transplantation
so as to minimise the cold ischaemia time of the cardiac
graft and eliminate the possibility of heart failure during
reperfusion of the hepatic graft. It was conducted using
extracorporeal circulation and open chest liver
transplantation followed. The liver transplantation was
performed in two possible ways. Either an en bloc
resection (including the retrohepatic segment of the
inferior vena cava) was carried out under venovenous
extracorporeal circulation or the piggyback technique
was employed, using a temporary portocaval shunt, in
which end-to-side or side-to-side anastomosis united
both venae cavae. Two important variations that were
adopted in some centres were en bloc transplantation of
both heart and liver (minimising the cold ischaemia time)
and maintaining extracorporeal membrane oxygenation
during liver transplantation.16

Statistical analysis
MedCalc® version 18.2.1 (MedCalc Software, Mariakerke,
Belgium) was employed to perform the proportional
meta-analysis of dichotomous variables and
OpenMeta[Analyst] (Brown University, Providence, RI,
US) was used for continuous variables.17 Confidence
intervals (CIs) were preassumed at 95%. Pooled
proportions and 95% CIs were derived after calculation of
proportions and 95% CIs for dichotomous measures
while pooled means and 95% CIs were derived after
calculation of means and 95% CIs for continuous
measures. When standard deviations were not provided,
the appropriate transformations were undertaken.18

The included studies mostly demonstrated a high
degree of heterogeneity. Consequently, a random effects
(DerSimonian–Laird) model using arcsine square root
transformation was employed to derive pooled estimates
of all variables and to back-transform the weighted
means of the transformed variables as well as their CIs.19

Double arcsine (Freeman–Tukey) transformation was
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utilised for this single armmeta-analysis instead of logit or
arcsine transformation as our review includes only a small
number of studies with small numbers of patients.20 Study
heterogeneity was estimated according to the I2 statistic.21

A significance level of p<0.05 and an I2 value of ≥50%
indicated high heterogeneity.

Protocol registration
Our meta-analysis was registered in the Open Science
Framework (www.osf.io) with the unique identifying
number 10.17605/OSF.IO/5T6VQ.

Results
A total of 16 studies were included in our meta-analysis
(Appendix 1 – available online). These comprised 860
patients who were listed for CHLT owing to several
diseases that led to end-stage heart and liver
failure.3,4,10,22–34 All studies were retrospective and one
study compared the postoperative outcomes after CHLT
between patients with and without congenital heart
disease.32 Only 21 CHLTs were performed in Europe
(Italy and Denmark)23,27 with the rest being undertaken
in the US although only 2 medical centres have
performed more than 10 CHLTs.24,29

Data tabulation
Appendix2 (available online) summarises the methodology
of the included studies along with each study’s indications
for cardiac and hepatic transplantation. The most
common source of data for the included studies was the

United Network for Organ Sharing registry. Appendix3
(available online) shows the baseline characteristics of the
patients (including sex, age, body mass index, previous
cardiac surgery, left ventricular ejection fraction, MELD
[Model for End-stage Liver Disease] score and
preoperative bilirubin and creatinine levels). Among the
included patients, 514 were male and 346 were female,
and 160 patients had a history of previous cardiac surgery.

Appendix4 (available online) lists the perioperative
outcomes for each study (operative time, cardiopulmonary
bypass duration, RBC and FFP transfusion, ICU stay,
postoperative infection and mechanical ventilation
requirement) as well as the immunosuppressive regimens
that were employed for graft maintenance. Appendix5
(available online) summarises each study’s postoperative
outcomes (hospital stay, mortality, one and five-year
survival, follow-up duration, and heart and liver rejection
rates). Finally, Table 1 presents the pooled perioperative
(cardiopulmonary bypass duration, RBC and FFP
transfusion, ICU stay, postoperative infection, mechanical
ventilation requirement, hospital stay and mortality) and
long-term (1 and 5-year survival rates, follow-up duration,
heart and liver rejection rates) outcomes after CHLT.

Transplantation indications and immunosuppression
The patients included in our meta-analysis underwent
CHLT owing to several diseases that progressively led to
end-stage heart and/or liver failure. The most common
indications for heart transplantation were restrictive
cardiomyopathy (11.8%), familial amyloidosis (11.1%),
congenital heart disease (9.4%) and idiopathic

Table 1 The pooled perioperative and long-term outcomes after combined heart and liver transplantation

Pooled value 95% CI Number of studies Heterogeneity (I2) p-value

Operative outcomes

Cardiopulmonary bypass duration (min) 183.5 142.9–224.2 6 93.4% <0.1

RBC transfusion (units) 17.9 7.7–28.1 4 98.4% <0.1

FFP transfusion (units) 14.3 6.1–22.6 3 89.1% <0.1

ICU stay (days) 9.9 7.5–12.2 6 46.9% <0.1

Postoperative infection 20.8% 6.8–40.1% 8 90.2% <0.0001

Mechanical ventilation 66.5% 28.1–95.1% 8 98.7% <0.0001

Survival outcomes

Hospital stay (days) 25.8 21.2–30.4 7 32.2% 0.2

Mortality rate 14.1% 8.3–21.1% 13 78.6% <0.0001

1-year survival rate 85.3% 80.3–89.6% 11 65.7% 0.0012

5-year survival rate 71.4% 57.9%–83.1% 12 94.2% <0.0001

Follow-up duration (months) 56.8 31.5–82.1 16 100% <0.1

Heart rejection rate 6.1% 1.6–13.1% 12 78.2% <0.0001

Liver rejection rate 9.1% 3.1–18.1% 12 81.6% <0.0001

CI= confidence interval; FFP= fresh frozen plasma; ICU= intensive care unit; RBC= red blood cell
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cardiomyopathy (9.4%) whereas the most common
indications for hepatic transplantation were cirrhosis of
cardiac, alcoholic or cryptogenic aetiology (14.6%),
familial amyloidosis (9.5%), hepatitis C virus associated
cirrhosis (4.5%) and haemochromatosis (2.2%). The
most common immunosuppressive agents for graft
maintenance following CHLT were steroids, tacrolimus,
cyclosporine, azathioprine and mycophenolate mofetil,
which were included in the immunosuppressive regimens
of almost all of the studies in our analysis.

Primary outcome measures
Thirteen of the sixteen studies provided data on mortality;
the pooled mortality rate after CHLT was 14.1% (95% CI:
8.3–21.1%). Meta-analysis of 11 studies revealed the
pooled 1-year survival rate to be 85.3% (95% CI: 80.3–
89.6%). The pooled 5-year survival rate was 71.4% (95%
CI: 57.9–83.1%), based on results from 12 studies. Forest
plots for these data are provided in Figure 1.

Meta-analysis of 12 studies gave a pooled cardiac graft
rejection rate of 6.1% (95% CI: 1.6–13.1%) and a pooled
hepatic graft rejection rate of 9.1% (95% CI: 3.1–18.1%).
Appendix 7 (available online) shows the forest plots for
graft rejection while Appendix 8 (available online)
illustrates the data for length of hospital stay and ICU
stay. Seven studies demonstrated that the pooled hospital
stay after CHLT was 25.8 days (95% CI: 21.2–30.4 days).
Six studies provided ICU data, with a pooled ICU stay of
9.9 days (95% CI: 7.5–12.2 days).

Secondary outcome measures
Meta-analysis of six studies revealed that the pooled
cardiopulmonary bypass duration was 183.5 minutes
(95% CI: 142.9–224.2 minutes). The pooled mean number
of RBC units that were required to be transfused during
CHLT was 17.9 (95% CI: 7.7–28.1) whereas for FFP, this
was 14.3 (95% CI: 6.1–22.6). Four studies were
meta-analysed for RBC data while three studies provided
information on FFP.

The pooled postoperative infection rate was 20.8% (95%
CI: 6.8–40.1%), based on meta-analysis of eight studies.
Analysis of eight studies also gave a pooled mechanical
ventilation rate of 66.5% (95% CI: 28.1–95.1%). Finally, all
16 studies provided information on the follow-up period.
The pooled follow-up duration was 56.8 months (95% CI:
31.5–82.1 months).

Quality assessment of studies
The methodological quality of the included studies was
evaluated using the Newcastle–Ottawa scale.15 Fourteen of
the studies received seven stars while the remaining two
studies received six stars (Appendix6 – available online).

Discussion
Our meta-analysis has shown the perioperative and
long-term outcomes after CHLT indicated for several
diseases that led to progressive end-stage heart and/or

liver failure. Restrictive cardiomyopathy, familial
amyloidosis, congenital heart disease and idiopathic
cardiomyopathy were the most common indications for
heart transplantation whereas cardiac or alcoholic
cirrhosis, familial amyloidosis, hepatitis C virus
associated cirrhosis and haemochromatosis were the
most common indications for liver transplantation.

CHLT appears to be one of the most complicated surgical
procedures as it requires prolonged cardiopulmonary bypass

Figure 1 Forest plots showing a pooled mortality rate of 14.1%, and
pooled 1-year and 5-year survival rates of 85.3% and 71.4%
respectively
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circulation, large amounts of transfused RBCs and FFP, and
prolonged ICU stay and hospitalisation. Nevertheless,
postoperative morbidity indices such as infection rate and
mechanical ventilation requirements remain low. Overall
mortality, however, is moderate, with satisfactory one
and three-year survival. Despite its surgical complexity,
the safety of CHLT has been correlated both with
the immunosuppressive agents (steroids, tacrolimus,
cyclosporine, azathioprine and mycophenolate mofetil),
which keep graft rejection rates low, and with the prolonged
follow-up period, which provides intensive medical support
for patients with potentially life threatening diseases.

Our meta-analysis of 16 studies (with 860 patients) has
demonstrated amortality rate of 14.1% (95%CI: 8.3–21.1%).
This is similar to the mortality rates after isolated heart
transplantation (7.4%) and isolated liver transplantation
(10%).35,36 The most common causes of perioperative
death were infections and cardiovascular disease.32

Survival after CHLT was 85.3% (95% CI: 80.3–89.6%) at
one year and 71.4% (95% CI: 57.9–83.1%) at five years.
The one-year survival rate following isolated cardiac
transplantation has been reported as 85–90%,37 which is
comparable with that for CHLT. The survival rate after
isolated hepatic transplantation has been calculated as
approximately 90% at one year and 80% at five years,38

which is also similar to our findings for CHLT.
Safety aside, CHLT provides an effective therapeutic

option for improvement of both heart and liver failure
simultaneously with a cardiac graft rejection rate of 6.1%
(95% CI: 1.6–13.1%) and a hepatic graft rejection rate of
9.1% (95% CI: 3.1–18.1%). The effectiveness of this
complex procedure has been reinforced by work from
Cannon et al, who observed that hepatic graft survival at
one, five and ten years was similar between CHLT
patients and those undergoing isolated heart
transplantation (83.4%, 72.8% and 71.0% vs 79.4%, 71.0%
and 65.1% respectively; p=0.894).11 In addition, they
demonstrated that cardiac allograft survival at one, five
and ten years was also similar for CHLT and isolated
cardiac transplantation (83.5%, 73.2% and 71.5% vs 82.6%,
71.9% and 63.2% respectively; p=0.341).

Nevertheless, 5-year graft survival rates after isolated
hepatic transplantation have been shown to decrease if
the recipients present certain risk factors (ventilator
support, age >60 years, haemodialysis, diabetes or serum
creatinine ≥1.5 mg/dl) from 77.2% to approximately 50%,
depending on the number of risk factors and the presence
of liver failure.39 Moreover, diabetes has been associated
with increased risk for graft failure and patient mortality
after CHLT (hazard ratio [HR]: 2.28, 95% CI: 1.05–4.92,
p=0.036), and the post-2006 transplant era has been
linked to significantly improved graft survival as well as
overall survival (HR: 0.45, 95% CI: 0.24–0.87, p=0.017).40

The pathophysiological relationship between the heart
and liver has been the basis for combined transplantation
of these two organs when their function is impaired.
However, the heart also has a close functional
relationship with the lungs. The survival rates after
combined transplantation of these two organs are 71% at

three months, 63% at one year, 44% at five years and 32%
at ten years, with a reported operative mortality rate of
16.8%;41 these are significantly worse than our findings
for CHLT. Heart and liver transplantation is performed
using a chest-abdominal approach, as is lung–liver
transplantation but this procedure has a one-year survival
rate of 69% and a five-year survival rate of 49%,42 which
are also worse than our pooled data for CHLT.
Consequently, heart and liver transplantation seems to be
the safest among combined organ transplantations.

The findings of our meta-analysis indicate that despite
its complexity, CHLT presents similar postoperative
outcomes to isolated procedures and in some series, these
outcomes are better than for isolated procedures. This
potential benefit offered by the combined procedure is
based on the possible minimisation of alloantigen
exposure, which may diminish immune activation and
acute rejection of the simultaneously transplanted organ.43

On the one hand, the liver is considered tolerogenic as it
is quickly accepted in animal transplantation models but it
also maintains a central role in immune surveillance as it
provides intrinsic mechanisms that prevent immune
activation to several antigens while clearing circulating
pathogens.44 As a result, when the liver is included in
multiorgan transplantations, decreased rates of allograft
rejection among recipients have been reported.45 The
mechanisms that lead to decreased levels of donor
specific antibodies have not yet been clarified but
production of soluble major histocompatibility complex
class I antigens or absorption of alloreactive immune
complexes by the liver’s large surface has been proposed.46

Study strengths and weaknesses
To our knowledge, apart from a meta-analysis from 2020
that included 6 studies and 99 patients,12 the present
meta-analysis is the first in the international literature
that has systematically included all observational studies
that describe operative outcomes following CHLT, based
on an extensive search of a wide range of databases. No
restrictions were applied during the literature search,
thereby maximising the chances of including all available
articles related to the topic. Furthermore, our
meta-analysis has been registered in the international
Open Science Framework database, giving every
researcher the opportunity to assess its methodological
quality and statistical adequacy.

However, the systematic nature of the present study
required all papers that met the inclusion criteria to be
incorporated in the meta-analysis and considerable
heterogeneity was therefore observed between the included
studies in terms of indications for transplantation and graft
waiting times. Unfortunately, it was not possible to
investigate the effect of these parameters on our primary
outcome measures. In addition, given the small number of
patients involved, our findings should be interpreted with
caution. Moreover, control groups were not present among
the included studies, and so a comparative analysis between
CHLT and isolated procedures was not feasible. Finally, only
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one study compared CHLT between patients with and
without congenital heart disease.

Implications for clinical practice and future research
CHLT seems to be a relatively safe procedure with proven
clinical effectiveness compared with isolated heart and
liver transplantations. Nevertheless, it remains a highly
complicated and technically challenging surgical procedure
with complex postoperative patient management by
highly skilled and experienced multidisciplinary teams.
Consequently, transplant surgeons should possess the
required technical skills to perform such procedures,
together with advanced immunology and critical care
knowledge to handle the postoperative course of transplant
recipients as well as possible complications. Indications for
CHLT should be strictly adhered to for all patients. Such
procedures also require well organised transplant centres
that can support recipients for a prolonged period after the
operation.

However, a comparison between CHLT and isolated
procedures could be extremely useful; for this reason,
future trials should focus on this area. In addition, the
immunological basis of the protective role of the liver in
multiorgan transplantation should be investigated by
means of molecular and experimental studies. In that
way, the immunological secrets of graft maintenance can
be revealed and the clinical outcomes of transplantations
can be improved.

Conclusions
CHLT seems to be the final solution for several end-stage
heart and liver diseases such as restrictive
cardiomyopathy, familial amyloidosis and cirrhosis
secondary to various causes. Despite its high level of
complexity, morbidity and mortality rates remain
relatively low, while survival rates are encouraging. It
therefore appears to be a safe procedure when it is
performed in specified transplant centres by expert
surgeons. Nevertheless, there must be strict adherence to
the indications for surgery, along with multidisciplinary
consultation on whether to perform CHLT or isolated
heart and liver transplantations.
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