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Pediatric Combined Heart-liver Transplantation: 
A Single-center Long-term Experience
Steven Levitte , MD, PhD,1 Riya Nilkant,2 Sharon Chen, MD,3 Angela Beadles, PharmD,4 
Joanne Lee, PharmD,4 Clark A. Bonham, MD,5 David Rosenthal, MD,3 Amy Gallo, MD,5 Seth Hollander, MD,3 
Carlos Esquivel, MD,5 Michael Ma, MD,2 and Ke-You Zhang, MD1

Background. Combined heart liver transplant (CHLT) continues to gain attention as a surgical treatment for patients with 
end-stage heart and liver disease but remains rare. We present our institutional longitudinal experience with up to 14 y of follow-up,  
focused on long-term outcomes in CHLT recipients.  Methods. We conducted a single-institutional, retrospective review 
from January 1, 2010, to December 31, 2023, including 7 patients ages 7–17 y who underwent CHLT.  Results. Most 
patients were surgically palliated via Fontan procedure pretransplant (n = 6), and all had evidence of advanced fibrosis or 
cirrhosis before transplant. The 30-d mortality was 14.3% (n = 1, multiorgan failure). During the follow-up period, 1 patient 
developed acute heart rejection which required treatment and 2 developed acute liver rejection. In all cases, rejection was 
successfully treated. Two patients developed acute heart rejection which did not require treatment (grade 1R). No patients 
developed chronic or refractory rejection. No patients developed allograft coronary artery vasculopathy.  Conclusions. 
CHLT remains a rarely performed treatment for pediatric patients with end-stage heart and liver disease, but our long-term 
data suggest that this treatment strategy should be considered more frequently. 

(Transplantation Direct 2024;10: e1696; doi: 10.1097/TXD.0000000000001696.) 

Patients with congenital heart disease necessitating single- 
ventricle palliation via the Fontan procedure often 

develop Fontan-associated liver disease, resulting in conges-
tive hepatopathy. As more children survive into adolescence 
and adulthood with congenital heart disease, the prevalence 

of congestive hepatopathy, cirrhosis, and liver failure contin-
ues to climb dramatically.1 Combined heart-liver transplant 
(CHLT) is an uncommon procedure offered to patients with 
end-stage heart and liver failure.2 Although the rate of CHLT 
has increased in the last several years, it remains rare com-
pared with sequential heart and liver transplant3; between 
1992 and 2017, only 16 pediatric patients underwent CHLT 
from the same organ donor.

Few studies have examined the long-term outcomes of 
CHLT in children, which may contribute to the procedure’s 
scarcity despite superior short-term outcomes compared with 
isolated heart transplant.4 Here, we present our institutional 
longitudinal experience with up to 14 y of follow-up, focused 
on long-term outcomes in CHLT recipients.

We retrospectively reviewed electronic health records of 7 
patients younger than 18 y of age who underwent CHLT at 
our institution from 2010 to 2023. Local institutional review 
board approval was obtained before review of medical records 
(institutional review board #52170). Data collected include 
patient demographics, biopsy results, operative information 
(time for cross clamp, bypass, and cold ischemia; transfusion 
requirements; and estimated blood loss), rejection episodes, 
and immunosuppression data. The mean age at transplant 
was 14 ± 3 y. Median preoperative weight was 57.8 kg (mean 
53.9 ± 11 kg). Five patients were male and 2 were female. Four 
patients were White, 1 was African American, 1 was Asian, 
and 1 was Other/Hispanic-Latino. Diagnoses included con-
genital single-ventricle physiology for 6 patients (hypoplastic 
left or right ventricle or tricuspid atresia), and double-outlet 
right ventricle (1 patient). Six patients were surgically palliated 
through the Fontan procedure (Table 1). Two patients had high 
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calculated panel-reactive antibodies; one was de-sensitized pre-
transplant with IVIg, whereas the other (who additionally was 
found to have preformed donor-specific antibodies to HLA-
B18 by IgG) was not because of volume overload concerns. 
A third patient was found to be a virtual crossmatch with IgG 
to HLA-A24. All 3 of these patients received plasmapheresis 
and IVIg intraoperatively. Pediatric end-stage liver disease score 
was 0 for the 7-y-old patient, and the median model for end-
stage liver disease (MELD) score was 16.5 (mean 18.7 ± 8.8) 
for the remaining patients. All patients had liver fibrosis con-
firmed by biopsy or imaging pretransplant which was recapit-
ulated at explant; congestive hepatic fibrosis scores (CHFSs) 
were 4 (2 patients), 3 (4 patients), and 2b (1 patient).5 Three 
patients had ascites pretransplant; of these, 2 had varices con-
firmed by cross-sectional imaging, whereas 2 of the patients 
without ascites also had small esophageal varices. One patient 
had thrombocytopenia (platelets 117 000/μL) and 2 patients 
had borderline thrombocytopenia (platelets <160 000/μL); 2 
of these 3 patients also had varices, but only 1 had concur-
rent ascites. None of the patients had prior evidence of variceal 
bleeding. Operative data for CHLT included median cross 
clamp time of 170 min (mean 206 ± 109 min), bypass time of 
290 min (mean 363 ± 151 min), and cold ischemic time of 248 
min (mean 238 ± 57 min) (Table 2).

After the surgical intervention, the median hospital stay 
after transplant was 42 d (mean 41.1 ± 17.4 d). Of 7 patients, 
1 (14.3%) underwent hospital readmission within 30 d of ini-
tial discharge. The 30-day mortality was 14.3% (1 patient), 
with cause of death being multisystem organ failure. The 
operative course for this patient was complicated by signifi-
cant bleeding requiring massive resuscitation. Postoperative 
complications for this patient included poor hemodynamics 
requiring chest reopening and subsequent need for extra-
corporeal membrane oxygenation, hepatic artery thrombo-
sis requiring reconstruction with an interposition allograft, 
and cardiac arrest. Three patients had no complications 
predischarge. Predischarge complications for the remaining 
3 patients included atrial fibrillation without hemodynamic 
changes (1 patient), acute kidney injury requiring dialysis (1 
patient), and bile duct obstruction (1 patient).

Postoperative management with induction immunosuppres-
sion for all 7 patients included antithymocyte globulin (range: 
3–6 doses, 4–6 mg/kg in total) and methylprednisolone. The 
single patient with preformed donor-specific antibodies received 
rituximab on postoperative day 10. On postoperative day 30, all 
surviving patients were receiving tacrolimus (goals 10–12) and 
mycophenolate. In terms of postoperative rejection, 1 patient 
had moderate acute heart rejection (2R), 1 had acute heart- 
liver rejection (1R heart and moderate liver), 2 had mild acute 
heart rejection (1R, no treatment required), and 1 had mild 
acute liver rejection during the follow-up period.6 All episodes 
of rejection were successfully treated with methylprednisolone 
and in one case antithymocyte globulin. One patient was started 
on IVIg because of new donor-specific antibodies discovered as 
part of rejection evaluation (Table 3). The 1 case of moderate 
heart rejection occurred in the setting of medication noncom-
pliance. None of the patients developed chronic or refractory 
rejection. There was an average of 8 negative heart biopsies for 
those who did not experience heart rejection. There was a total 
of 3 additional heart and/or liver biopsies performed because 
of documented follow-up of rejection. One patient had a post-
transplant biopsy at 125 mo for follow-up of heart rejection; T
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another patient had biopsies at 12 and 13 mo posttransplant for 
follow-up of liver rejection. The remaining patients had postop-
erative biopsies for surveillance according to our institutional 
protocol (Table 3). The surviving 6 patients are clinically well as 
of the last available outpatient clinical note (median follow-up 
was 2.8 y posttransplant [mean 4.6 ± 4.4 y]). No patients devel-
oped transplant coronary allograft vasculopathy.

Since it was first described in 1984, CHLT has become 
more common but remains available to patients at only a lim-
ited number of institutions, and its use in pediatric patients 
remains even more rare.7 The implications of heart-only ver-
sus CHLT continue to be debated, as few institutions have 
published long-term outcomes of these patients. The recently 
published FOSTER (Fontan Outcomes to Improve Transplant 
Experience and Results) study found that, in adults, even 
compensated chronic liver disease increased the risk of death 
after isolated heart transplant.8 Data in children are scarcer, 
but in 1 study of 47 pediatric patients with Fontan physiol-
ogy, 9 underwent CHLT and overall outcomes were similar to 
the patients who underwent heart-only transplant.9 However, 
the 10 patients with pretransplant evidence of cirrhosis who 
underwent heart-only transplant had a 1-y survival rate of 
67% versus 89% in the CHLT group. In another series of 9 
pediatric patients with Fontan-associated liver disease, liver 
biopsy fibrosis scores were overall unchanged post heart 
transplant.10 Given the high mortality rate of heart transplant 
recipients on liver transplant waiting lists, the above data sug-
gest that thresholds for CHLT versus heart-only transplant 
may need to differ between children and adults, and waiting 
until pediatric patients have clinical evidence of advanced 
portal hypertension may lead to inferior outcomes.11

In general, patients at our institution who undergo CHLT 
have higher liver disease scores than those who undergo 
heart-only transplant.9 All but 1 patient demonstrated CHFS 
3 or 4 liver pathology (bridging fibrosis or cirrhosis); the sin-
gle patient with CHFS 2b pathology had persistently elevated 
INR and bilirubin which raised concern for a poor outcome 
from isolated heart transplant because of compromised 
hepatic reserve.12 None of the patients in this study had pre-
transplant episodes of variceal bleeding, though the develop-
ment of varices in Fontan-associated liver disease differs from 
that of other cirrhotic disorders and may be a suboptimal 
indicator of the degree of hepatic impairment.12 The majority 
of patients had evidence of varices on cross-sectional imaging 
and ascites. Although some of the patients were monitored 
using ultrasound or magnetic resonance elastography to eval-
uate liver stiffness longitudinally, this technique has difficulty 
distinguishing liver fibrosis from congestive hepatopathy and 
can overestimate stiffness during periods of fluid overload.13

In adults who undergo heart transplant, coronary allograft 
vasculopathy remains a leading cause of graft dysfunction, 
with a stable incidence in the last 20 y despite improved over-
all patient survival.14 In children who undergo heart trans-
plant, the risk of coronary vasculopathy increases with age, 
the number of episodes of acute rejection, and the presence 
of chronic rejection.15 Combined liver transplant with kidney, 
lung, skin, and intestine has been described, with more recent 
work demonstrating higher rejection-free survival in com-
bined kidney-liver versus kidney-only transplant; dual-organ 
transplantation greatly reduced the risk of chronic rejec-
tion.16,17 This pattern of improved clinical and immunologic 
outcome conferred by the liver was confirmed in a series of T

A
B

L
E

 2
.

P
re

o
p

er
at

iv
e 

an
d

 o
p

er
at

iv
e 

d
at

a

Pa
tie

nt
 

no
.

Li
ve

r p
at

ho
lo

gy
Cr

os
s 

cl
am

p 
tim

e 
(m

in
)

By
pa

ss
 

tim
e 

(m
in

)
Co

ld
 is

ch
em

ia
 

tim
e 

(m
in

)
Tr

an
sf

us
io

n 
re

qu
ire

m
en

ts
Es

tim
at

ed
 

bl
oo

d 
lo

ss
, L

1
Co

ng
es

te
d 

an
d 

no
du

la
r, 

pe
ric

el
lu

la
r a

nd
 p

er
ive

nu
la

r fi
br

os
is

, b
rid

g-
in

g 
fib

ro
si

s,
 p

er
ive

nu
la

r s
in

us
oi

d 
di

la
tio

n 
an

d 
fo

ca
l n

od
ul

ar
ity

12
9

21
4

24
8

8 
un

its
 R

BC
s,

 2
 u

ni
ts

 p
la

te
le

ts
, 5

 u
ni

ts
 F

FP
, 3

 u
ni

ts
 

cr
yo

pr
ec

ip
ita

te
, 5

00
 m

L 
5%

 a
lb

um
in

2

2
Br

id
gi

ng
 fi

br
os

is
21

6
29

0
27

6
18

 u
ni

ts
 R

BC
s,

 5
 u

ni
ts

 p
la

te
le

ts
, 1

3 
un

its
 F

FP
, 7

 u
ni

ts
 

cr
yo

pr
ec

ip
ita

te
, 5

00
 u

ni
ts

 K
-c

en
tra

 a
nd

 F
EI

BA
 ×

 3
1.

2

3
Co

ng
es

tiv
e 

he
pa

to
pa

th
y. 

Br
id

gi
ng

 fi
br

os
is

36
0

51
2

18
7

30
 u

ni
ts

 R
BC

s,
 6

 u
ni

ts
 p

la
te

le
ts

, 1
3 

un
its

 F
FP

, 2
L 

cr
ys

ta
llo

id
7.

5

4
Co

ng
es

tiv
e 

he
pa

to
pa

th
y 

w
ith

 p
at

ch
y 

pe
ris

in
us

oi
da

l fi
br

os
is

17
0

48
7

13
9

27
 u

ni
ts

 R
BC

s,
 4

 u
ni

ts
 p

la
te

le
ts

, 1
3 

un
its

 F
FP

Un
kn

ow
n

5
Pa

tc
hy

 m
ild

 s
in

us
oi

da
l d

ila
tio

n 
w

ith
 p

er
is

in
us

oi
da

l fi
br

os
is

12
9

24
8

24
4

11
 u

ni
ts

 R
BC

s,
 5

 u
ni

ts
 p

la
te

le
ts

, 8
 u

ni
ts

 F
FP

, 2
0 

un
its

 
cr

yo
pr

ec
ip

ita
te

, 2
 L 

sa
lin

e,
 5

00
 m

L 
5%

 a
lb

um
in

CP
B

6
Co

ng
es

tiv
e 

he
pa

to
pa

th
y 

w
ith

 s
in

us
oi

da
l d

ila
ta

tio
n 

an
d 

ex
te

ns
ive

 
br

id
gi

ng
 fi

br
os

is
35

0
56

3
25

8
20

 u
ni

ts
 R

BC
s 

+
 1

5 
un

its
 o

n 
pu

m
p,

 6
 u

ni
ts

 p
la

te
le

ts
, 1

2 
un

its
 F

FP
 +

 4
 u

ni
ts

 o
n 

pu
m

p,
 2

 u
ni

ts
 c

ry
op

re
ci

pi
ta

te
CP

B

7
St

ag
e 

4 
fib

ro
si

s
90

22
4

31
1

12
 u

ni
ts

 R
BC

s,
 2

 u
ni

ts
 p

la
te

le
ts

, 7
 u

ni
ts

 F
FP

, 2
 u

ni
ts

 
cr

yo
pr

ec
ip

ita
te

, 0
.5

 L 
cr

ys
ta

llo
id

, 2
50

 m
L 

5%
 a

lb
um

in
CP

B

CP
B,

 c
ar

di
op

ul
m

on
ar

y 
by

pa
ss

; F
FP

, f
re

sh
–f

ro
ze

n 
pl

as
m

a;
 R

BC
, r

ed
 b

lo
od

 c
el

l.



4	 Transplantation DIRECT   ■   2024	 www.transplantationdirect.com

patients who underwent heart-kidney and heart-liver trans-
plantation.18 Although it is difficult to draw definitive conclu-
sions from our small cohort, the fact that none of our patients 
suffered from chronic rejection or coronary allograft vascu-
lopathy is interesting and warrants further investigation.

Defining which patients may benefit most from CHLT 
versus heart-only transplant remains a clinical challenge, 
although our findings build on previous work showing that 
CHLT should be offered to more patients who have evidence 
of liver disease.9
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TABLE 3.

Rejection episodes and follow-up 

Patient no. Type of rejection
Grade of heart rejection (months 

posttransplant)
Grade of liver rejection (months 

posttransplant) Treatment (outcome)
Years of 

follow-up

1 Heart 2R (124) Unknown IV steroids, prednisone (resolved) 13 (transitioned 
to adult care)

Heart 1R (125)a

2 Heart/Liver 1R (11) Moderate acute cellular rejection (11) IV steroids, prednisone (liver 
resistant)

6 (currently 
followed)

1R (12)a Moderate acute cellular rejection (12) IVIg (new DSA), ATG (liver 
resolved)

1R (13)a

1R (19) IVIg (rising DSA)
1R (30)

3 Heart 1R (2) Unknown 5 (currently 
followed)

4 Heart 1R (2) Unknown 3 (transitioned 
care)

5 None Unknown Unknown 3 (currently 
followed)

6 None Unknown Unknown <1 (deceased)
7 Liver Unknown Mild acute cellular rejection (6) IV steroids, prednisone (liver 

resolved)
2 (transitioned 

care)

aBiopsy performed for rejection follow-up.
ATG, antithymocyte globulin; DSA, donor-specific antibodies.


