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Introduction

Abstract

Since first described by Starzl, combined heart and liver transplantation
(CHLT) has been a relatively rare event, although utilization has increased in
the past decade. This study was undertaken to review the United States experi-
ence with this procedure; UNOS data on CHLT was reviewed. CHLT was com-
pared with liver transplantation alone and heart transplantation alone in terms
of acute rejection within 12 months, graft survival, and patient survival. Sur-
vival was calculated according to Kaplan—Meier and Cox proportional hazards.
Continuous variables were compared using Student’s t-test and categorical vari-
ables with chi-squared. Between 1987 and 2010, there were 97 reported cases of
CHLT in the United States. Amyloidosis was the most common indication for
both heart (n = 26, 26.8%) and liver (n = 27, 27.8%) transplantation in this
cohort. Liver graft survival in the CHLT cohort at 1, 5, and 10 years was
83.4%, 72.8%, and 71.0%, whereas survival of the cardiac allograft was 83.5%,
73.2%, and 71.5%. This was similar to graft survival in liver alone transplanta-
tion (79.4%, 71.0%, 65.1%; P = 0.894) and heart transplantation alone (82.6%,
71.9%, 63.2%; P = 0.341). CHLT is a safe and effective procedure, with graft
survival rates similar to isolated heart and isolated liver transplantation.

plantation. The most common indication for simultaneous
heart and liver transplantation appears to be systemic dis-

Since the original reports of Starzl [1] and Shaw [2], simul-
taneous transplantation of the heart and liver has been a rel-
atively rare phenomenon in the United States. The majority
of published data on this procedure consists of single-center
case reports [3-8], with the experience of any single center
being limited. The largest single-center experience reported
to date is that of the Mayo Clinic, with 15 patients [9]. Te
and colleagues have reported the United States experience
based on UNOS data as of 2005, with 47 total cases reported
at the time [10]. Such reports give credence to the feasibility
of this formidable procedure, with outcomes that are similar
to those of isolated heart transplantation [9,10].

Patients with combined failure of the heart and liver
represent a relatively small percentage of the transplant
waiting list [11]; however, the unique nature of dual vital
organ failure means these patients are often critically ill
and would benefit from an aggressive policy toward trans-
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ease, such as amyloidosis, that involves both systems [10].
In the setting of familial amyloidosis, an otherwise nor-
mally functioning liver must be replaced to prevent recur-
rence of cardiac failure by the production of abnormal
amounts of hepatic amyloid. There are a number of
patients, however, with liver failure and concomitant severe
cardiac disease who would not be candidates for liver trans-
plantation unless they are able to undergo simultaneous
cardiac transplantation. This review was undertaken to
update the results of Te and colleagues [10] and provide a
picture of the current status of simultaneous heart and liver
transplantation in the United States.

Methods

Under an Institutional Review Board exemption, the
UNOS database of liver and thoracic transplants as of
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3/31/11 was reviewed retrospectively. The time period
under study was from October, 1987 through December,
2009. All patients undergoing simultaneous orthotopic
heart and liver transplantation were reviewed. Patients
undergoing isolated heart and isolated liver transplantation
during the same time period were analyzed for compari-
sons of acute rejection within 1 year, as well as graft and
patient survival. Graft survival was defined in months from
the date of transplantation to the date of graft failure,
death, or last follow-up. Patients who died with a function-
ing graft were not censored. Patient survival was defined in
months from transplantation to death or last follow-up.
Graft and patient survival was calculated according to Kap-
lan—Meier and compared in a univariable fashion using the
log-rank test. Multivariable analysis of patient and graft
survival was performed using Cox-proportional hazards
regression. Continuous variables were summarized as
means, whereas categorical variables were summarized as
counts/percentages. A P-value of <0.05 was considered sig-
nificant. All statistical analysis was performed using sas
version 9.2 (SAS Institute, Cary, NC, USA).

Results

Between 1987 and 2010, there were 97 cases of simulta-
neous orthotopic cardiac and hepatic transplantation per-
formed in the United States. During this same period,
there were 96 033 liver alone transplants and 67 852 heart
alone transplants. A simultaneous kidney transplant was
performed in nine patients, whereas lungs were trans-
planted in 10 cases. The mean age of recipients was
43.7 years, with the oldest patient being 67 years old and
the youngest less than 1 year. The majority of recipients
(68, 78.1%) were males. Remaining baseline characteristics
in the simultaneous cardiac-liver transplantation patients
are presented in Table 1. In the post Model for Endstage
Liver Disease (MELD) era, there were 65 patients undergo-
ing simultaneous transplantation with an average labora-
tory MELD score of 13.8. Seventeen patients (26.2%) had
an active MELD exception at the time of simultaneous
transplantation. Fourteen exceptions were for familial
amyloidosis, one was for portopulmonary hypertension,
and the final was for reasons not specified in the dataset.
In terms of cardiac listing status, 43 (44.3%) of simulta-
neous heart-liver recipients were listed as cardiac status la/
1b versus 20 520 (33.3%; P = 0.021) of those undergoing
isolated cardiac transplantation. The frequency with which
simultaneous heart-liver transplantation has been per-
formed has been on the rise in recent years. From a spo-
radic event in the early 1990s, there has been at least one
simultaneous transplant per year since 1995, with greater
than 10 performed per year since 2007. The most per-
formed in a single year has been 13 in 2009 (Fig. 1).
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Table 1. Baseline characteristics of patients undergoing simultaneous
cardiac-liver transplantation. Continuous variables are presented as
mean (standard deviation) while categorical variables are presented as
count (percentage).

Age 43.7 (16.0)
Gender
Male 68 (70.1%)
Female 29 (29.9%)
Body mass index (kg/m?) at registration 243 (5.1)
MELD Score at transplant (2002 and after) 13.8 (5.4)
Hemodynamics at registration
Cardiac output (I/min) 4.5 (1.6)
Pulmonary arterial systolic pressure (mmHg) 42.8 (18.9)
Pulmonary arterial diastolic pressure (mmHg) 21.8(9.9)
Pulmonary arterial mean pressure (mmHg) 30.2 (11.6)
Pulmonary capillary wedge pressure (mmHg) 19.5 (7.8)
VAD support at registration 4 (4.1%)
IABP support at registration 0 (0.0%)
Ventilator support at registration 4 (4.1%)
Inotropic support at registration 24 (24.7%)
Creatinine at transplant (mg/dl) 1.42 (0.96)
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Figure 1 Combined heart/liver transplants performed by year in the
United States.

The most common indication for cardiac transplanta-
tion was amyloidosis in 26 (26.8%) patients, followed by
17 (17.5%) with congenital cardiac disease and 14
(14.4%) patients with idiopathic dilated cardiomyopathy.
The most common indication for liver transplantation
was amyloidosis in 27 (27.8%) patients, followed by car-
diac cirrhosis in 17 (17.5%) patients. Remaining indica-
tions for transplantation are listed in Table 2. There were
12 liver graft failures and 1 cardiac graft failure. The sole
case of heart graft failure was because of primary graft
nonfunction. The most common contributor to liver graft
failure was infectious in four cases, followed by primary
graft nonfunction in three cases. There were two graft
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Table 2. Indications for simultaneous cardiac-liver transplantation. losses from acute rejection, and another two graft losses

Primary cardiac diagnosis, n (%)
Amyloidosis
Idiopathic dilated cardiomyopathy

Ischemic dilated cardiomyopathy/coronary artery disease

Alcoholic dilated cardiomyopathy
Other dilated cardiomyopathy

Restrictive cardiomyopathy (not because of amyloid)

Congenital cardiac disease
Hypertrophic cardiomyopathy
Valvular disease
Primary pulmonary hypertension
Hemochromatosis
Glycogen storage disease
Cystic fibrosis
Sarcoidosis
Unknown/not specified

Primary liver diagnosis, n (%)
Amyloidosis
Cardiac cirrhosis
Chronic hepatitis C
Cryptogenic cirrhosis
Alcoholic cirrhosis
Chronic hepatitis type not specified
Acute hepatic failure
Primary biliary cirrhosis
Primary sclerosing cholangitis
Biliary atresia/hypoplasia
Hemochromatosis
Other metabolic disease
Cirrhosis not otherwise specified
Carcinoid
Cystic fibrosis
Budd-chiari syndrome
Unknown/not specified

from vascular thrombosis.
26 (26.9) The incidence of acute liver rejection within 1 year for
14 (14.4) patients with liver graft survival greater than 1 year was
7(7.2) 52% (n =4) for those undergoing simultaneous trans-
331 plantation versus 12.2% (n = 8929) for those undergoing
6(6.2) liver transplantation alone (P = 0.060). The incidence of
5(5.2) acute cardiac rejection within 1 year for patients with car-
17 (17.5) . .
33.1) diac graft survival greater than 1 year was 8.9% (n = 7)
3(3.1) for those undergoing simultaneous transplantation com-
2(2.1) pared with 23.9% (n = 13017) for those undergoing heart
4(4.1) transplantation alone (P = 0.002).
1(1.0) The mean age of recipients of simultaneous transplants
1(1.0) was 43.7 years, compared with 45.4 years for liver alone
121?; recipients and 46.4 years for heart alone recipients
' (P < 0.001). Pairwise comparison between the three

27 (27.8) groups revealed only the difference between liver alone

7 (17.5) and heart alone recipients to be statistically significant
12 (12.4) (P < 0.001). Simultaneous transplant recipients were sig-

(10.3) nificantly more likely to be male (70.1%) than recipients
4(4-” of liver alone (61.5%) or heart alone (67.9%) recipients
2@ (P < 0.001). Donors were significantly younger for recipi-
2(2.1) .
3(3.1) ents of simultaneous transplants (28.7 years) than for
22.1) recipients of liver alone transplants (35.5 years;
22.1) P < 0.001). There was no significant difference in donor
6 (6.2) age for recipients of simultaneous transplants and recipi-
2(2.1) ents of heart alone transplants (28.7 years; P = 1.0).
331 Liver graft survival at 1, 5, and 10 years for patients
;E;?; undergoing simultaneous heart and liver transplantation
1(1j0) was 83.4%, 72.8%, and 71.0% compared with 79.4%,
1(1.0) 71.0%, and 65.1% (P = 0.894) for those undergoing liver

Figure 2 Liver graft survival of patients
undergoing combined heart/liver trans-
plantation versus isolated liver transplan-
tation.
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Product-limit survival estimates
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Table 3. 1, 3, and 5-year patient survival for patients undergoing iso-
lated liver transplant, combined liver and heart transplant, and iso-
lated heart transplant.

undergoing combined heart/liver
transplantation versus isolated heart
transplantation.
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Table 4. Patient and graft survival for patients undergoing simulta-
neous cardiac-liver transplantation for amyloidosis versus other indica-
tions.

1-year 3-year 5-year Amyloid indication Other indications P-value
Liver alone 85.4% 78.0% 72.4% Liver graft survival 0.585
Combined 84.4% 73.9% 72.3% 1 year 92.2% 80.2%
Heart alone 83.3% 73.2% 64.8% 3 years 86.4% 67.8%
5 years 79.7% 67.8%
P <0.001. Heart graft survival 0.328
1 year 92.3% 80.3%
3 years 86.5% 68.1%
Heart graft survival at 1, 5, and 10 years for patients under- 5 years 79.9% 68.1%
going simultaneous transplantation was 83.5%, 73.2%, and Patient survival 0.375
71.5% compared with 82.6%, 71.9%, and 63.2% 1 year 92.3% 81.5%
(P =0.341) for those undergoing heart transplantation 3 years 86.5% 69.1%
. . . . . . 5 years 79.9% 69.1%
alone during the same time period (Fig. 3). Patient survival
for simultaneous cardiac and liver transplantation was
between that for isolated liver transplantation and isolated
heart transplantation (Table 3). There was no statistically Di .
Iscussion

significant difference in patient and graft survival in simul-
taneous transplant patients with amyloidosis versus other
indications, although there appears to be a trend toward
better outcomes with amyloidosis (Table 4).

Multivariable analysis of patient survival controlling for
recipient age, recipient gender, and donor age revealed no
significant increase in the risk for patient death (HR 1.30;
95% CI 0.93-1.84; P = 0.127) or graft failure (HR 1.09,
95% CI 0.79-1.52; P = 0.589) with simultaneous versus
liver transplantation alone. Similar multivariable analysis
of simultaneous versus heart alone transplantation also
did not reveal differences in patient survival (HR 0.90,
95% CI 0.64-1.26; P = 0.538) or graft survival (HR 0.86,
95% CI 0.62-1.21; P = 0.386).

Since the initial review of the United States experience
with simultaneous heart-liver transplantation performed
by Te [10], there has been substantial growth in the field.
As of 2005, there have been 55 cases performed, with
more than 10 per year since 2007. As previously noted,
amyloidosis remains the most common indication for
simultaneous transplantation. Amyloidosis describes a rel-
atively diverse group of disease processes with the end
result being amyloid protein deposits building up primar-
ily in the peripheral nervous system as well as in end
organs, such as the heart and liver [12]. Despite frequent
involvement of the liver, the frequency of significant
hepatic failure appears to be relatively rare [13]. Cardiac
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involvement, on the other hand, frequently results in con-
gestive heart failure and a poor prognosis [14].

The form of amyloidosis most relevant to heart and liver
transplantation is familial amyloidosis, which results in
deposition of the mutant protein transthyretin, most com-
monly in the peripheral nervous system [10]. As the major-
ity of transthyretin is produced in the liver, hepatic
transplantation has become accepted treatment for this
devastating disease [15,16]. There are over 80 variants of
familial amyloidosis [17], of which the most common is
the Portuguese variant, which does not typically affect the
heart [9]. For patients with other variations of familial
amyloidosis, however, amyloid deposition in the heart con-
tinues to occur after liver transplantation with progression
of cardiac failure. Because of this, simultaneous heart and
liver transplantation is the preferred treatment[18]. In a
review of their single center experience at the Mayo clinic,
Raichlin and colleagues found that the specific form of
familial amyloidosis did not affect the success of simulta-
neous heart and liver transplantation [9].

Despite the formidable nature of simultaneous cardiac
and hepatic transplantation, outcomes following the pro-
cedure are quite good. We have found in this review that
graft survival following the simultaneous procedure is
equivalent to that following isolated heart or isolated liver
transplantation. An interesting finding is that patients
receiving simultaneous transplantation appear to exhibit
lower rates of acute rejection than those patients under-
going heart transplantation alone. In an analysis of the
UNOS database, Rana et al. found that rejection rates in
patients cotransplanted with a heart, liver, or kidney from
the same donor are significantly lower than when those
organs are transplanted in isolation [19]. The liver in par-
ticular appears to provide a protective effect to other
organs. A proposed mechanism for this protective effect
is the shedding of soluble human leukocyte antigens
[20,21]. This protective effect has led some to propose
that patients undergoing simultaneous liver and heart
transplantation may tolerate a reduced level of chronic
immunosuppressive therapy compared with patients
undergoing isolated cardiac transplantation [9].

Given the severe metabolic and physiologic derange-
ments caused by combined cardiac and hepatic failure,
modifications to the organ allocation policy may be justi-
fied for patients with combined disease. The allocation
systems for isolated heart and liver transplantation were
designed for their specific organ, and thus do not take
into account derangements caused by the failure of the
other organ system. For example, patients may be listed
as cardiac status 2 if the decrease in systemic vascular
resistance caused by hepatic dysfunction allows sparing of
inotropic support, even though their cardiac function
alone is poor enough to otherwise justify status 1A or 1B

© 2012 The Authors
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[11]. Although this phenomenon may occur in patients
with very severe hepatic failure, we have found that recip-
ients undergoing simultaneous cardiac-liver transplanta-
tion were actually more likely to be listed as cardiac
status la/lb than their counterparts undergoing isolated
heart transplantation. The second and third most com-
mon diagnoses for combined transplantation were dilated
and ischemic cardiomyopathy, with liver transplantation
performed for cardiac cirrhosis. In this setting, cardiac
function would be severely impaired, which would
account for the greater proportion of patients undergoing
simultaneous cardiac-liver transplantation with status 1A
or 1B than in the cardiac transplant alone population.

Our data shows that the average laboratory MELD at
the time of simultaneous cardiac and transplantation is
relatively low; however waitlist mortality for these
patients would undoubtedly be higher than patients with
isolated hepatic failure at a similar MELD score. Porrett
and colleagues have examined the effect of allocation
policies on patients with combined cardiac and hepatic
failure, and found that current policy tends particularly
to disadvantage patients with MELD scores in the range
of 20-29 and cardiac status 2. In their review, they
found that national wait list mortality for patients listed
for both heart and liver transplant was 42%. In light of
this effect, they proposed granting of exception MELD
points and cardiac status 1 for patients with combined
cardiac/liver failure [11]. Our current review indicates
that only a minority of such patients receive MELD
exception points.

This study is limited by nature of being a retrospective
review of registry data. All such studies are prone to vari-
ability in data entry, and the lack of data on post-trans-
plant immunosuppressive regimes is a major weakness
that limits the strength of conclusions that can be drawn
regarding acute rejection and graft survival. Our current
review indicates that simultaneous transplantation of the
heart and liver is on the rise within the United States,
with outcomes that are similar to what is seen with iso-
lated transplantation of the heart and liver alone.
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