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Purpose of review

Combined heart and liver transplantation (CHLT) is an uncommon but increasingly performed procedure
with rising need as the population who has undergone Fontan palliation for single ventricle physiology
grows. This article reviews the current literature to summarize what is known about patient selection and
outcomes and highlights the questions that remain.

Recent findings

Congenital heart disease (CHD) with Fontan-associated liver disease (FALD) has surpassed noncongenital heart
disease as the most common indication for CHLT. In patients with failing Fontan physiology, accurate assessment
of recoverability of liver injury remains challenging and requires multifaceted evaluation to determine who
would benefit from isolated versus dual organ transplantation. Patient survival has improved over time without
significant differences between those with and without a diagnosis of CHD. En bloc surgical technique and best
use of intraoperative mechanical circulatory support are topics of interest as the field continues to evolve.

Summary

A more refined understanding of appropriate patient selection and indication-specific outcomes will develop
as we gain more experience with this complex operation and perform prospective, randomized studies.
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The first combined heart and liver transplantation
(CHLT) was performed in 1984 in a 6-year-old girl to
treat familial hypercholesterolemia and cardiovas-
cular disease [1]. While implementation of this pro-
cedure has grown over time, CHLT represents amere
fraction of the total heart and liver transplants
performed. To date, fewer than 500 patients have
undergone CHLT since 1984 [2].

Nonetheless, CHLT is being increasingly per-
formed, and indications for this complex procedure
are evolving; in the United States, congenital,
as opposed to noncongenital, heart disease has
become the most common indication for CHLT
[3–5,6

&

,7]. With an estimated 70000 patients world-
wide who have undergone the Fontan procedure for
single ventricle congenital heart disease, the inci-
dence of Fontan-associated liver disease (FALD)
necessitating CHLT will continue to rise [8]. We
aim to review the major indications for CHLT, the
complexity in the determination of liver dysfunc-
tion in patients with congestive hepatopathy,
tions of research to continually improve upon
this rare and highly technical operation.
INDICATIONS

There are three main categories of patients consid-
ered for CHLT:
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KEY POINTS

� Congenital heart disease with subsequent irreversible
liver dysfunction due to congestive hepatopathy has
become the most common indication for CHLT.

� Determining the severity of FALD and which patient
would benefit from dual organ transplant is complex
and requires multifaceted assessment through invasive
and noninvasive techniques.

� Patient survival for all indications at 1, 3, and 5years
is 87, 80, and 78% with improved outcomes in
concurrent as opposed to temporally sequential dual
organ transplant, possibly due to the immunoprotective
effects of liver transplantation.

� In patients with failing Fontan physiology and imaging
findings of cirrhosis and portal hypertension, data
support a benefit to CHLT over heart transplant alone.

� Future directions include further application of the en
bloc technique and improved understanding of optimal
use of intraoperative mechanical circulatory support.
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(1)
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Familial amyloid polyneuropathy

(2)
 Primary liver disease and concurrent noninter-

venable end-stage cardiac disease

(3)
 End-stage cardiac disease and secondary liver

disease
Familial amyloid polyneuropathy

Familial amyloid polyneuropathy is an inherited
autosomal dominant condition characterized by
cardiac and nervous system amyloid deposition,
most commonly because of misfolded transthyre-
tin protein [9]. The abnormal, amyloidogenic
protein is synthesized by hepatocytes, and liver
transplantation has been shown to stop progression
of the disease [10]. CHLT is considered in those
with moderate-to-severe restrictive cardiomyop-
athy or refractory conduction abnormalities [4].
Recent advances in molecular and pharmacologic
therapies targeting transthyretin synthesis and
tetramer stabilization are impacting this indication
[11].
Primary liver disease and concurrent cardiac
disease

There are multiple paths by which chronic liver
disease occurs simultaneously with cardiac disease.
First, diseases such as alcohol use disorder, meta-
bolic syndrome, and less commonly hepatitis C or
hemochromatosis, can simultaneously affect both
the liver and heart [4,12]. Second, two unrelated
disease processes, such as primary sclerosing
-2418 Copyright © 2022 The Author(s). Published by Wolters Kluwe
cholangitis and ischemic cardiomyopathy, may
cause dual organ failure.

Finally, liverdiseasealonecanleadtoheartdisease
through development of cirrhotic cardiomyopathy,
present in up to 50% of patients with end-stage liver
disease[13]. Inthesepatients,cardiomyopathyoccurs
becauseofthehemodynamicandautonomicchanges
in cirrhosis where cardiac output increases to over-
come central hypovolemia from portal hypertension
and splanchnic arterial vasodilation. These changes
over time can lead to end-stage diastolic and systolic
dysfunction necessitating heart transplant [14,15].
End-stage cardiac disease with secondary
liver disease

The pathophysiology of FALD is complex, and a
multifaceted approach to determining severity of
liver disease is required.

Physiology of Fontan-associated liver
disease

Liver dysfunction secondary to cardiac-related con-
gestive hepatopathy is most commonly seen in
individuals with congenital univentricular physiol-
ogy who have undergone a Fontan procedure. The
Fontan procedure diverts systemic venous return
directly to the pulmonary arteries thus isolating
the single functional ventricle to supply oxygenated
blood to the systemic circulation. This reconstruc-
tion results in passive, nonpulsatile hepatic venous
drainage leading to hepatic congestion [13,16]. End
organ damage is thought to result from a combina-
tion of rising central venous pressure, worsening
chronic low cardiac output, and increasing pulmo-
nary shunt-related hypoxia resulting from progres-
sive failure of the Fontan [8].

Hepatic fibrosis universally develops in patients
with Fontan physiology [8]. However, it is difficult
to determine the degree of irreversible liver dysfunc-
tion in FALD and therefore which patient would
benefit from dual organ transplant. The difficulty
lies in the lack of specific laboratory markers and
imaging tools to accurately assess the severity of
fibrosis [8,17].

Prognostic scores

Liver function tests are typically normal ormodestly
abnormal, and a significant proportion of patients
with advanced cardiac disease are therapeutically
anticoagulated making the international normal-
ized ratio (INR) an unreliable measure of synthetic
function [4,17]. Other metrics to assess liver disease
include theMELD-XI score, which excludes INR and
the VAST score (Varices, Ascites, Splenomegaly, and
Thrombocytopenia), which focuses on features of
r Health, Inc. www.co-transplantation.com 105



What’s new in organ transplantation
portal hypertension. Initially described by Elder
et al. [18] in 2013, a VAST score at least 2 was
associated with multifold increased risk for major
adverse event in Fontan patients including need for
heart transplant, development of hepatocellular
carcinoma (HCC), or death [18]. Finally, a strong
correlation exists between elevated central venous
pressures indicative of Fontan failure and clinically
significant FALD [19

&&

].

Pathologic changes associated with
congestive hepatopathy

Liver biopsy remains the gold standard to assess for
hepatic fibrosis and cirrhosis. In congestive hepat-
opathy, elevated hepatic venous pressure leads to
central hepatic vein and sinusoid dilation [14,17].
Concurrently, decreased cardiac output results in
reduced hepatic perfusion. The combination of
these two features in failing Fontan physiology
yields a re-distribution of oxygenated blood favor-
ing periportal hepatocytes, leading to atrophy and
eventually necrosis of centrilobular hepatocytes
[17]. This pattern of injury leads to collagen depo-
sition and centrilobular fibrosis, which can extend
to the periportal zone [14].

To assess the accuracy of liver biopsy, Vaikunth
et al. compared preoperative biopsy findings to
explanted livers in patients who had undergone
CHLT. They found that pretransplant liver biopsy
underestimated degree of fibrosis in 40% (6 of 15) of
patients, highlighting the risk of sampling error
because of the heterogeneous nature of fibrosis in
FALD [16].

Elastography may be a useful tool to track pro-
gression of liver stiffness over time; however, it is
limited in distinguishing between hepatic conges-
tion and fibrosis andmaybe affectedbyascites [8,17].

Hepatocellular carcinoma

Abdominal imaging for HCC screening in patients
with FALD is hampered by the presence of regener-
ative nodules, which can falsely mimic radiographic
features of HCC [8,17]. A recent, international mul-
ticenter case series of 54 Fontan patients with HCC
found a median age at time of diagnosis of 30 years
old and poor overall prognosis with a 50% 1-year
survival rate. At present, there are no standardized
surveillance protocols in place, although twice-
yearly alpha-fetoprotein (AFP) and abdominal imag-
ing are recommended by some [20].

Pathology to inform patient selection

Experience in other disease processes, such as non-
alcoholic steatohepatitis (NASH) or active hepatitis
C (HCV) infection, shows that up to bridging fibrosis
(F3) can regress with correction of the offending
106 www.co-transplantation.com
insult, such as weight loss after bariatric surgery for
NASH or cure of HCV viremia [21]. As such, Izzy et al.
[21] recommend caution toward dual organ trans-
plantation for thosewith F3 fibrosis andwould advo-
cate forCHLT in thosewithpathologically confirmed
cirrhosis (F4) or evidence of portal hypertension.
Others argue for multidisciplinary consideration
of CHLT in those with F3 fibrosis given increased risk
of postoperative complications in these patients
undergoing heart transplant alone [22].
OUTCOMES

To date, CHLT outcomes have been analyzed in a
retrospective fashion at both the single-institution
and national level. The majority of studies report
data for all indications of CHLT without granularity
to distinguish disease-specific outcomes.

Studies analyzing UNOS registry data through
2020 describe the current, national landscape of
CHLT with improvement in patient survival over
time [6

&

,23,24].Analysis of 364 recipientswhounder-
went CHLT shows overall survival of 86.8, 80.1, and
77.9% at 1, 3, and 5years, respectively [6

&

]. Although
indications for CHLT have changed over time with
a predominance of congenital heart disease in the
modern era, interestingly, there was no difference
in survival when stratified by cardiac diagnosis.

Further multivariate analysis demonstrated
that recipient diabetes and a sequential liver-first
approach were independently associated with an
increased risk of mortality [6

&

]. Higher donor left
ventricular ejection fraction was associated with
decreased risk of mortality. Lee et al. [23] compared
outcomes from before and after the change in car-
diac allograft allocation system in 2006 finding
improved allograft and overall survival in the
post-2006 era. These data inform selection consid-
erations for both the recipient and the donor and
favor a heart-first intraoperative approach com-
pared with liver-first sequence.

When specifically evaluating the outcomes of
patients with CHD, Cotter et al. found no difference
in 1-year or 5-year survival between patients with
CHD who underwent heart transplant alone versus
CHLT and no difference between patients with or
without CHD who underwent CHLT. There was a
trend towards improved survival for CHLT per-
formed at high-volume versus low-volume centers
with an average 9.5 and 1.6 transplants performed
over the 11-year study period, respectively [24].

Sganga et al. describe their single-center experi-
ence with pediatric and young adult Fontan patients
undergoingCHLT. In their cohort of 47 patientswith
Fontanphysiology,9underwentCHLTand38under-
went heart transplant alone. In this population,
Volume 28 � Number 2 � April 2023
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indication for CHLT included imaging or biopsy
evidence of cirrhosis and portal hypertension; all
CHLTwere performed via the en bloc technique. Over
a median follow-up period of 17months, overall
mortality in their cohort was 17% with no statisti-
cally significant difference in mortality or rate of
postoperative complications between CHLT and
heart transplant alone. To delineate, which Fontan
patients would benefit from CHLT, the heart trans-
plant-alone cohort was further analyzed. Of the 32
patients who underwent heart transplant alone and
had imaging at time of listing, 10 had imaging find-
ingsof cirrhosis anddidnotundergoCHLT.Theyhad
a significantly lower estimated 1-year survival of 67%
compared with 89% in both the heart transplant
without cirrhosis and CHLT groups. These patients
demonstrated worse postoperative outcomes with
increased risk of an unplanned surgical procedure
and a trend towards increased mortality and need
for dialysis. The authors argue that these results high-
light the need for strong consideration of listing for
CHLT if there is evidence of cirrhosis and portal
hypertension on imaging [25].

Two recent studies have compared temporally
sequential versus concurrent CHLT and show a ben-
efit to dual over single organ transplant [26,27].
Yamaguchi et al. analyzed UNOS data through
2018, which included 301 CHLT recipients and 6
sequential heart liver transplant (SHLT) recipients
who underwent heart transplant followed by liver
transplant amedian of 331days later. Despite a small
number of patients undergoing SHLT, these patients
had worse overall survival and allograft survival of
both organs [26]. A similarly conducted analysis by
Rucker et al. additionally included 36 individuals
who were dual listed at time of heart transplant
but never received a liver transplant. They found
improved 10-year survival in those who underwent
CHLT or liver after heart approach compared with
heart transplant alonewith 52.1, 53.6, and 27.5%10-
year survival, respectively (P¼0.003). Those under-
going CHLT were less likely to be treated for acute
rejection within the first year after transplant com-
pared with either those who underwent heart trans-
plant alone or liver after heart transplant [27].

Improved outcomes with concurrent liver trans-
plantation are hypothesized to be related in part to
immunoprotection from the liver allograft.Multiple
recent single-center and UNOS database studies
demonstrate decreased rates of cardiac allograft
rejection after CHLT [24,27,28

&

,29,30]. These find-
ings may be related to the unique ability of the liver
to bind and clear donor-specific HLA class I anti-
bodies. In one cohort, no class I DSAwas observed in
patients after CHLT while present in nearly 10% of a
comparative heart transplant-only cohort [28

&

].
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In summary, these results suggest a benefit to
combined, concurrent heart and liver transplant
and encourage waiting for a dual organ offer rather
than sequential transplant or single organ transplant.
UNIQUE CONSIDERATIONS

Two relevant topics that merit further discussion
are en bloc operative technique and selective use of
mechanical circulatory support.
En bloc operative technique

Transplantation of the heart and liver en bloc was
initially described by Hill et al. [31] in three pediatric
patients requiring CHLT with 100% 1-year patient
and allograft survival. The technique begins with
procurement of both organs together without divi-
sion of the suprahepatic inferior vena cava. The
recipient undergoes cardiectomy and hepatectomy
with cardiopulmonary bypass (CPB) support. The
heart and liver are then implanted simultaneously
and reperfused together while on CPB [32,33

&

,34
&

].
The technique is performed by a minority of

institutions but carries several advantages. Most
notably, there is a solitary reperfusion event that
occurs while the patient remains supported on
CPB allowing for greater hemodynamic stability
during the lability of reperfusion [33

&

]. This in
turn decreases stress on the cardiac allograft and
decreases venous congestion in the liver allograft.
Shorter cold ischemia time for the liver allograftmay
improve postoperative allograft function. From a
technical standpoint, case series describe an overall
shorter operative time and cold ischemia time
[32,34

&

]. Continuity of the IVC affords fewer anas-
tomoses with a subsequently shorter warm ischemia
time. Reported outcomes have been excellent with
100% 30-day [32,34

&

] and 1-year survival rates [32].
Use of intraoperative mechanical support
during liver transplantation

One area of particular interest is the optimalmanner
in which intraoperative mechanical circulatory
support can be leveraged to mitigate stress on the
cardiac allograft and facilitate liver transplantation
during CHLT. At present, there is significant institu-
tional heterogeneity in approach, using a variety of
methods including continued CPB, conversion to
venoarterial extracorporeal membrane oxygenation
(VA ECMO), initiation of venovenous (VV) bypass,
or in many cases, no additional mechanical support
(Table 1).

In the largest case series published, venovenous
bypass was most commonly utilized in sequential
r Health, Inc. www.co-transplantation.com 107



Table 1. Intraoperative use of mechanical circulatory support as described in single-center case series

Institution Cohort and indications Intraoperative management practice pattern

Stanford University Medical
Center

Palo Alto, California
[32]

Nine CHLT recipients from 2006 to 2018.
All patients with failing Fontan physiology

and cirrhosis

En bloc technique with patient maintained on CPB
through simultaneous dual organ reperfusion.

Two patients required intra-aortic balloon pump and one
patient required VA ECMO to wean from CPB.

Mayo Clinic
Rochester, Minnesota
[35]

27 CHLT recipients from 1999 to 2013.
Most common indication: hereditary

amyloidosis

VV bypass utilized for all patients undergoing LT via
caval interposition technique.

No form of bypass used for caval preserving technique.
A small fraction remained on CPB during LT.

The Hospital of the
University of Pennsylvania

Philadelphia, Pennsylvania
[36]

26 CHLT recipients from 1997 to 2013.
Most common indications: heart failure from

nonischemic, dilated, or congenital heart
disease.

All patients weaned from CPB without reversal of heparin
and placed on VV bypass for LT.

University of Chicago
Medical Center

Chicago, Illinois
[38&]

Seven patients undergoing combined heart
liver kidney transplant from 2018 to 2020.

Most common indication: noncongenital heart
disease.

CPB transitioned to VA ECMO at completion of heart
transplant to proceed with LT.

Cedars-Sinai Medical
Center

Los Angeles, California
[40]

Six CHLT recipients from 1998 to 2014.
Most common indication: hereditary

amyloidosis.

VV bypass with caval interposition technique used for all
patients.

Vanderbilt University
Medical Center

Nashville, Tennessee
(Unpublished)

17 CHLT recipients from 2017 to 2022.
Most common indication: congenital heart

disease.

VA ECMO utilized in nearly half of recipients with
congenital heart disease.

CPB, cardiopulmonary bypass; CHLT, combined heart and liver transplantation; LT, liver transplantation; VA, venoarterial; VV, venovenous; ECMO, extracorporeal
membrane oxygenation.

What’s new in organ transplantation
CHLT [35,36]. This approach is advantageous
in minimizing cardiac allograft injury occurring
during hepatectomy-related fluctuations in central
venous return that are most pronounced when a
caval replacement technique is performed [37

&

].
Other centers advocate for use of VA ECMO after
weaning CPB [38

&

,39]. VA ECMO can support sys-
temic perfusion and oxygenation that has been
compromised by early cardiac allograft dysfunction,
significant extracardiac shunting, or hepatic reper-
fusion-related injury. The addition of a femoral
venous drainage catheter for a VVA configuration
may also decrease preload related allograft injury
[37

&

].
Mechanical circulatory support after cardiac

reperfusion has been utilized in nearly half of recip-
ients at our institution. In our experience, the
delayed treatment of early cardiac allograft dysfunc-
tion progressing to hepatic congestion and abdomi-
nal hypoperfusion results in a particularly poor
outcome (Matsuoka LK, Alexopoulos SP, personal
communication). We, therefore, advocate for early
consideration of mechanical circulatory support in
this scenario to assist right ventricular function and
minimize central venous hypertension while ensur-
ing systemic perfusion and oxygen delivery. Each
method of intraoperative circulatory support has a
108 www.co-transplantation.com
unique risk–benefit profile, and the field would
benefit from further comparison of current techni-
ques and associated patient outcomes.
CONCLUSION

As the demand for CHLT rises and the procedure
is increasingly performed, we continue to learn
more about patient selection and patient out-
comes. At present, current practices are based
on small, retrospective studies and anecdotal expe-
rience without data from prospective and random-
ized studies. Future research will afford better
understanding of the major remaining questions
including assessment of the severity of FALD
and best intraoperative use of mechanical circula-
tory support.
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