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Background. Combined heart-liver transplantation
(CHLT) has been utilized as a life-saving procedure in
those with end-stage cardiac and hepatic pathology.
Techniques and outcomes of this procedure are varied.
We sought to review the Cleveland Clinic experience
with CHLT.

Methods. This study is a retrospective chart review of
patients who received simultaneous heart and liver trans-
plantation between January 2006 and December 2012.

Results. Five patients received CHLT. The mean age
was 49 (� 20) years. All cardiac pathology was nonisch-
emic cardiomyopathy, with a mean ejection fraction of
0.36 (� 0.13). Three of the 5 were on preoperative inotro-

pic support, 1 of which required placement of a total

Cleveland, OH 44195; e-mail: gonzogonzalez31@gmail.com.

© 2012 by The Society of Thoracic Surgeons
Published by Elsevier Inc
artificial heart for support pretransplant. Liver pathology
was amyloid in 1 patient and hepatitis C in the remaining
4. Mean Model for End-Stage Liver Disease score was 17
(� 5), and mean Childs-Pugh score was 8 (� 1). Survival,
now at a mean of 38 (� 20) months remains 100%, with no
cardiac or hepatic graft dysfunction or episodes of rejec-
tion. One hospital readmission was required for gastro-
enteritis at 15 months posttransplant.

Conclusions. These results suggest that excellent out-
comes can be achieved in this extremely sick cohort of
patients, and add to the growing literature of periopera-
tive management of CHLT recipients.

(Ann Thorac Surg 2012;xx:xxx)
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Patients presenting with concomitant end-stage liver
and heart disease represent a significant clinical

challenge. This extremely morbid cohort faces certain
mortality without intensive management and interven-
tion. However, intervention itself is associated with high
risks. We previously reported good outcomes combining
liver transplantation with simultaneous elective surgical
coronary and valvular procedures [1]; however, patients
with end-stage heart disease are by definition not suit-
able candidates for this approach.

Combined heart and liver transplant (CHLT) was first
published in 1984 by Starzl and colleagues [2], and has
since been performed in small numbers by a few centers
internationally. A number of surgical strategies have
been employed, including the following: (1) heart trans-
plantation followed by liver transplantation within the
same hospital admission; (2) heart transplantation fol-
lowed by liver transplantation within the same operation
after closure of the chest; and (3) heart transplantation
followed by liver transplantation while the heart is rep-
erfused on cardiopulmonary bypass. Acceptable results
have been reported with all of these, with postoperative
mortality ranging from 0% to 25%, acute rejection in up to
11.1%, acute kidney dysfunction in 14.8% to 25%, biliary
anastomotic complications in up to 20%, and infections in
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up to 36.5% [3–9]. Here we review the Cleveland Clinic
experience with CHLT.

Patients and Methods

A retrospective chart review was carried out on all
patients who underwent heart transplantation in the last
5 years at the Cleveland Clinic main campus. Patients
receiving a simultaneous liver transplantation during the
same operation as their heart transplant were identified,
comprising the current series. Data were extracted from
the prospectively maintained Cleveland Clinic Cardio-
vascular Information Registry, and were supplemented
with manual review of medical records and clinic notes.
Collected variables included demographic characteris-
tics, need for inotropic support, degree of ascites and
encephalopathy, waitlist time, preoperative and postop-
erative cardiac investigation and laboratory results, post-
operative intensive care and hospital lengths of stay, and
postoperative complications. Follow-up data were taken
from latest clinical encounters. This study was conducted
following the written approval of the Cleveland Clinic’s
Institutional Review Board.

Pretransplant Workup
After referral for transplant assessment, clinical and
laboratory findings, echocardiography, left and right
heart catheterization, routine chest radiography, and

carotid and peripheral arterial Doppler ultrasounds are
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attained and reviewed. Child-Pugh and Model for End-
Stage Liver Disease scores are calculated. The decision
for heart transplantation is made through the Advanced
Heart Failure and Therapeutics Committee consensus,
involving cardiac surgeons, cardiologists, nursing, and
social work; similarly, the liver transplantation commit-
tee consists of the respective surgical and medical
counterparts.

Operative Technique
Organs were procured from single heart-liver donors.
Cardiac procurement consisted of cardioplegia with his-
tidine-tryptophan-ketoglutarate solution (Custodiol
HTK, Essential Pharmaceuticals, Newtown, PA) with
venting through the inferior vena cava (IVC) and left
atrium in Sondergaard’s groove or the left atrial append-
age. Liver allografts were also flushed and preserved
with Custadiol HTK using arterial perfusion through an
infrarenal aortic cannula.

All patients underwent heart transplantation first
through a standard median sternotomy incision with the
abdomen still closed. We utilized a standard bicaval
technique, commonly completing the superior vena cava
anastomosis with the aortic clamp removed and the heart
reperfusing. If there was a concern regarding prolonged
cold ischemic time, the pulmonary artery or IVC anasto-
mosis were also completed with the clamp removed.
After weaning cardiopulmonary bypass and administer-
ing protamine, mediastinal and pleural drains were
placed, and the chest left open while the liver transplant
proceeded.

Whole-liver transplantation was performed with either
the standard caval interposition technique or by utilizing
the piggy-back technique. Right femoral to right atrial
venovenous bypass was used selectively if hemodynamic
instability ensued while clamping the IVC. The portal
vein and hepatic artery were anastomosed in an end-to-
end fashion using an interposition graft if necessary,
while biliary anastomosis was routinely accomplished
with an end-to-end choledochocholedochostomy. Upon
achieving satisfactory hemostasis, sternotomy and bilat-
eral subcostal incisions were closed in standard fashion
leaving drains in place.

Immunosuppression
Immunosuppression strategy for each patient is planned
preoperatively. Virtual or actual donor-recipient cross-
match is done before accepting the organs, using similar
thresholds for donor acceptability as with isolated heart
transplantation. Although both cardiology and hepatol-
ogy are involved with immunosuppression management,
the heart failure cardiologist takes a more active role in
day-to-day adjustment of dose unless there is evidence of
liver rejection without heart rejection. The typical immu-
nosuppression regimen for CHLT is similar to that of the
isolated heart transplant recipient. All patients received a
bolus dose of methylprednisolone (10 mg/kg, up to 1 g)
after induction of anesthesia, with tapering doses over
months. Mycophenolate mofetil is routinely initiated

immediately postoperatively, and tacrolimus given on
postoperative day 1 if renal function is stable. For recip-
ients with a high panel reactive antibody screen or a
positive crossmatch, induction therapy with basiliximab
is administered immediately and on postoperative day 2.
Posttransplant surveillance biopsies are performed as
per the routine schedule.

Data Analysis
Continuous variables are expressed using mean (� stan-
dard deviation) or median (range), while categoric vari-
ables are reported as proportions. All statistical analysis
was completed with NCSS Statistical Software (Kaysville,
Utah).

Results

Demographic and Baseline Information
Between January 2006 and December 2011, 348 hearts
were transplanted at Cleveland Clinic Main Campus. Of
these, 4 males and 1 female received CHLT, with a mean
age of 49 (� 20) years. All patients had nonischemic
cardiomyopathy with a mean left ventricular ejection
fraction of 0.36 (� 0.13). Heart failure was the primary
indication or the more urgent indication for CHLT in all
5 patients; 3 patients were in hospital on inotropic sup-
port, and 1 patient required a SynCardia Total Artificial
Heart (Tucson, AZ) prior to transplantation. Three pa-
tients had at least 1 prior sternotomy. One patient re-
ceived an extended criteria cardiac graft, which came
from a 57-year-old donor. Mean donor age was 31 (� 16)
years. Patient demographic information is contained in
Table 1.

In-Hospital Outcomes
Median cold ischemic time was 141 (range 125 to 177)
minutes. One patient required cardiopulmonary support
for acute right ventricular dysfunction while the liver was
implanted; this was weaned intraoperatively unevent-
fully with successful closure of the chest. One patient was
extremely edematous, and the sternotomy incision was
electively left open for 2 days for adequate diuresis
before delayed primary closure of the chest.

Median intensive care unit length of stay was 3
(range 3 to 11) days. Median time to extubation was 2
(range 1 to 8) days, and median time on inotropic or
vasopressor support was 5 (range 3 to 11) days. One
patient required reoperation for abdominal bleeding,
which was found to be from a diaphragmatic vessel.
One patient had acute-on-chronic kidney injury re-
quiring temporary dialysis.

Median postoperative hospital length of stay was 28
(range 12 to 80) days. Two patients developed sternal
wound infections requiring antibiotic therapy; one went
on to require lower sternectomy and a pectoralis flap for
closure. One patient was found to have a deep vein
thrombus of the leg, and received an IVC filter and
anticoagulation for 6 months. Two patients had no post-

operative complications.
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Post-Discharge Outcomes
All 5 patients are still alive, now with a median follow-up
of 38 months (range 11 to 67 months). No patients
required readmission for cardiac or hepatic graft dys-
function. Prednisone was stopped in all patients at a
mean of 9.5 (� 4) months. No rejection episodes greater
than 1R have been detected on routine heart biopsies.
One patient required biliary dilation and stent place-
ment, done as a day procedure endoscopic retrograde
cholangiopancreatography. One patient required a short
unplanned hospital admission 15 months posttransplant
for gastroenteritis. Table 2 contains postoperative out-
come data.

Table 1. Demographic and Baseline Characteristics of Patient

Variable

Patient 1 2
Age at transplant 50 15
Gender F M
Cardiac pathology NICM Congenita
LV ejection fraction 0.25 0.50
Cardiac index 2.0 3.4
Pulmonary resistance 1 1
Redo sternotomy No Yes
Preop inotropes Yes No
Preop MCS No No
Liver pathology Hepatitis C Hepatitis
Ascites Severe Mild
Encephalopathy Absent Absent
Serum creatinine 2 1.43
Creatinine clearance 31.5 66.3
Leukocyte count 8.26 4.36
Hematocrit 26.1 32.8
Platelet count 143 108
INR 1.5 1.3
PT 16.6 14.2
MELD score 19 25
Childs-Pugh class B B

HOCM � hypertrophic cardiomyopathy; INR � international no
support; MELD � Model for End-Stage Liver Disease; N/A � no
time; TAH � total artificial heart.

Table 2. Postoperative Outcomes

Outcome No. (%)/Median (range)

Death 0
ICU stay 5 (3–11) days
Hospital stay 26 (12–80) days
Renal dysfunction 1 (20%)
DVT 1 (20%)
Wound infection 2 (40%)
Rejection episodes 0
Readmission 1 (20%)
DVT � deep vein thrombus; ICU � intensive care unit.
Comment

One hundred forty-three CHLT procedures have been
reported to date to the International Society for Health
and Lung Transplantation. Outcomes of this procedure
have been good, with reported operative mortality rates
from 0% to 25% in small series [4, 7–9]. In the current
series with follow-up of greater than 3 years, all 5 patients
continue to do well with routine posttransplant care.

To achieve such results in this extremely sick cohort of
patients, there are a few considerations worth emphasiz-
ing. First, we cannot overemphasize the importance of
donor and recipient selection. Although not specifically
excluded in the recipient selection process, the absence
of dialysis-dependant and Childs-Pugh classification C
patients in this series is an indicator of threshold end-
organ function we think is required to survive CHLT.
Second, close coordination of surgical teams optimizes
the procedure. An operative strategy that makes efficient
use of both cardiopulmonary bypass time and cardiac
reperfusion time should be employed. Although we
prefer to insert drains and secure hemostasis during a
short reperfusion period, we have also employed an
extended reperfusion time while the liver is implanted if
this prolonged reperfusion time is indicated for a long
cold ischemic time or graft dysfunction, as was the case
for one of the patients in this series. Third, a multidisci-
plinary team comprised of the cardiovascular surgeon,

ceiving Combined Heart and Liver Transplantation

Patients

3 4 5
58 64 59
M M M

Amyloidosis HOCM Congenital
0.40 0.20 0.45
2.1 3.1 N/A
2 1 N/A

No Yes Yes
No Yes Yes
No TAH No

Amyloidosis Hepatitis C Hepatitis C
Mild Severe Severe

Absent Absent Absent
1.34 1.4 2.11
73.8 51 39.4
9.32 8.52 4.4
28.8 21.7 29.6
295 206 66
1.2 � 1.1

13.2 � 11.5
11 25 15
A B B

ed ratio; LV � left ventricle; MCS � mechanical circulatory
lable; NICM � nonischemic cardiomyopathy; PT � prothrombin
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sivists, nursing and dedicated nurse practitioners, reha-
bilitation therapists, and social work contributes to post-
operative management, and daily multidisciplinary
rounds are held. Fourth, close follow-up in outpatient
clinic and engaging the patient in his or her own disease
management is essential for medical optimization and
avoidance of preventable setbacks.

Assessment of pulmonary hypertension is particularly
important in these patients given multiple potential eti-
ologies, including hepatopulmonary syndrome, cardio-
myopathy, and the intrinsic pulmonary vascular disease
of portopulmonary hypertension. Each of the former 2
would be expected to resolve early after CHLT; however,
acute right ventricular dysfunction remains an important
potential source of morbidity and mortality. The massive
fluid resuscitation and blood product requirements
during liver transplantation can overload the right
ventricle, inducing right ventricular dysfunction, pre-
cipitating or worsening tricuspid regurgitation, creat-
ing a dangerous cycle. In the current series, pretrans-
plant pulmonary vascular resistance was less than or
equal to 2 Woods units, and we make every effort to
minimize blood product and volume given during the
liver transplantation.

The utility of pretransplant crossmatching has been
debated. Previously published work [10] reveals that
patients with panel reactive antibody (PRA) screens
greater than 60%, who receive a combined liver then
kidney transplant, have similar renal graft outcomes
compared with those with PRA less than 30%. This
“immune privilege” seen with transplantation of liver
with dual- and triple-organ transplantation is postulated
to be due at least in part to deletion of donor-reactive T
cells [11]. Nevertheless, we continue to screen PRA and
accept matching donors with the same allowances as for
isolated heart transplantation. Unlike the risk of dialysis
in patients receiving high PRA kidneys, the risk of
rejecting the heart in the early postoperative period puts
both the heart and liver allografts at risk, potentially
jeopardizing the patient’s life. This continues to be a ripe
area for further investigation, with the goal of elucidating
the mechanisms of attenuating the host cytotoxic re-
sponse that may be seen post liver transplantation for
therapeutic modulation and further reduction of conven-
tional immunosuppression.

Limitations of this report relate mainly to the small
number of patients in this series. We acknowledge that
zero mortality in this sick cohort of patients is not a
realistic expected outcome. In the current study, we

cannot comment on CHLT in Childs-Pugh class C pa-
tients, but given poor outcomes reported in isolated
cardiac surgical and combined liver transplant and car-
diac surgical procedures [1, 12], we would consider this
procedure only in selected class C patients.

In conclusion, CHLT is a potentially life-saving proce-
dure for selected patients with end-stage heart and liver
disease. There are a number of reasonable surgical strat-
egies which can accomplish the procedure safely; one
which balances cardiac graft reperfusion time and oper-
ative efficiency with the coagulopathy of extended car-
diopulmonary bypass time must be selected given the
particular needs of the individual patient. Pretransplant
and posttransplant decision-making and management is
critical to excellent outcomes.
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