
Pediatric Transplantation. 2023;27:e14435.	 wileyonlinelibrary.com/journal/petr	   | 1 of 8
https://doi.org/10.1111/petr.14435

© 2022 Wiley Periodicals LLC.

Received: 9 February 2022  | Revised: 14 September 2022  | Accepted: 26 September 2022
DOI: 10.1111/petr.14435  

O R I G I N A L  A R T I C L E

Fontan-associated liver disease after heart transplant

Eric R. Griffiths1  |   Linda M. Lambert1  |   Zhining Ou2  |   Akraam Shaaban3  |   
Maryam Rezvani3  |   Waldemar F. Carlo4  |   Kurt R. Schumacher5  |   Frank DiPaola6  |   
Matthew J. O'Connor7  |   Deipanjan Nandi8  |   Steven Zangwill9  |    
Michael A. McCulloch10  |   Joshua M. Friedland-Little11  |   Shawn C. West12  |    
Teresa M. Lee13  |   Juan C. Alejos14  |   Sharon Chen15  |   Kimberly M. Molina16

1Pediatric Cardiothoracic Surgery, University of Utah, Primary Children's Hospital, Salt Lake City, Utah, USA
2Division of Epidemiology, Department of Internal Medicine, University of Utah, Salt Lake City, Utah, USA
3Department of Radiology, University of Utah, Salt Lake City, Utah, USA
4Department of Pediatrics, University of Alabama Birmingham, Birmingham, Alabama, USA
5Pediatric Cardiology, C.S. Mott Children's Hospital, University of Michigan, Ann Arbor, Michigan, USA
6Department of Pediatrics, Division of Hepatology, University of Virginia Children's Hospital, Charlottesville, Virginia, USA
7Pediatric Cardiology, Children's Hospital of Philadelphia, University of Pennsylvania, Philadelphia, Pennsylvania, USA
8Pediatric Cardiology, Nationwide Children's Hospital, The Ohio State University, Columbus, Ohio, USA
9Pediatric Cardiology, Phoenix Children's Hospital, Phoenix, Arizona, USA
10Pediatric Cardiology, University of Virginia Children's Hospital, Charlottesville, Virginia, USA
11Pediatric Cardiology, Seattle Children's Hospital, University of Washington, Seattle, Washington, USA
12Pediatric Cardiology, Children's Hospital of Pittsburg, University of Pittsburg Medical Center, Pittsburgh, Pennsylvania, USA
13Pediatric Cardiology, Columbia University Medical Center, New York, New York, USA
14Pediatric Cardiology, UCLA Mattel Children's Hospital, Los Angeles, California, USA
15Pediatric Cardiology, Stanford University, Stanford, California, USA
16Division of Pediatric Cardiology, University of Utah, Primary Children's Hospital, Salt Lake City, Utah, USA

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; AV canal, atrioventricular canal; CHLT, combined heart liver transplant; Cr, creatinine; DILV, double inlet 
left ventricle; DORV, double outlet right ventricle; FALD, Fontan-associated liver disease; HLHS, hypoplastic left heart syndrome; INR, international normalized ratio; Kpa, kilopascals; 
LVEF, left ventricle ejection fraction; MR-E, magnetic resonance elastography; PCWP, pulmonary capillary wedge pressure; PLE, protein losing enteropathy; US-E, ultrasound 
elastography.

Correspondence
Eric R. Griffiths, Section of Pediatric 
Cardiothoracic Surgery, Primary Children's 
Hospital, 100 N Mario Capecchi Dr, Salt 
Lake City, UT, USA.
Email: eric.griffiths@hsc.utah.edu

Abstract
Background: Fontan associated liver disease (FALD) potentially impacts Fontan pa-
tients undergoing heart transplant. This multi-center study sought to identify pre-
transplant risk factors and characterize any post-transplant liver recovery in those 
patients undergoing heart-alone transplant.
Methods: Review of Fontan patients at 12 pediatric institutions who underwent heart 
transplant between 2001-2019. Radiologists reviewed pre and post-transplant liver 
imaging for fibrosis. Laboratory, pathology and endoscopy studies were reviewed.
Results: 156 patients underwent transplant due to decreased ventricular func-
tion (49%), protein losing enteropathy (31%) or plastic bronchitis (10%); median age 
at transplant was 13.6 years (interquartile range IQR 7.8, 17.2) with a median of 9.3 
years (IQR 3.2, 13.4) between the Fontan operation and transplant. Few patients had 
pre-transplant endoscopy (18%), and liver biopsy (19%). There were 31 deaths (20%). 
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1  |  INTRODUC TION

Fontan-associated liver disease (FALD) is a late sequela of single 
ventricle palliation. The relatively intact synthetic hepatic function 
in the face of abnormal fibrotic liver imaging is unique and compli-
cates the grading and prognosis of FALD compared to other forms 
of cirrhosis where synthetic function correlates with imaging abnor-
malities which, in turn, correlate with survival. In this setting, heart 
transplant teams evaluating children with failing Fontan circulation 
are tasked with determining the possible negative impact of FALD 
and if a combined heart-liver transplant (CHLT) treatment pathway 
should be pursued.

Because there is no clear definition or grading system of FALD 
it is hard to extrapolate findings from the literature to the bedside. 
Multiple single center and a Pediatric Heart Transplant Society reg-
istry paper have reported favorable outcomes with heart transplant 
alone.1 Several retrospective studies even demonstrated that liver 
cirrhosis on pre-heart transplant imaging did not affect survival at 
1 year.2–4 However, these studies did not comment on the exclusion 
of patients due to liver disease. Other centers have advocated for 
CHLT in older patients with evidence of cirrhosis. They have demon-
strated that Fontan patients can safely undergo combined heart-
liver transplant with similar short-term outcomes to heart transplant 
alone.5–7

It is largely unknown to what degree the liver can recover 
after heart transplant in Fontan patients.8,9 Case reports and 
small series suggest there is some improvement.8,10 Adults with 
acquired heart disease who undergo transplantation recover he-
patic function when the congestive hepatopathy is alleviated.11 It 
is unclear if these findings are translatable to the Fontan popula-
tion since the etiology of the liver dysfunction seems to be more 
complex. There are currently no guidelines for monitoring FALD 
after heart transplant especially given the concerns for cancer 
and precancerous nodules that have been identified in patients 
with FALD.12,13

In an effort to better understand the role of FALD in patients 
with a Fontan circulation who are being considered for transplan-
tation, we compared the post-transplant imaging and laboratory 
measurements of liver function with the pre-transplant studies in 
Fontan patients undergoing heart only transplant. We sought to 
identify pre-transplant characteristics that were predictors of post-
transplant mortality. Additionally, we also sought to characterize the 
post-heart transplant function of the liver to identify any improve-
ment or deterioration in function.

2  |  METHODS

We conducted a multicenter, retrospective review of patients with a 
single ventricle who underwent palliation with a Fontan circulation 
and subsequent heart transplant from January 2000 to June 2019. 
Twelve pediatric centers were involved in the study. IRB approval 
was obtained under a waiver of consent at each participating site. 
Patients with a history of viral hepatitis or other diagnosed non-
FALD causes of liver cirrhosis were excluded. We collected demo-
graphic data, pre- and post-heart transplant laboratory data, as well 
as pathology, endoscopy, echocardiography, cardiac catheterization, 
and hepatic imaging study results. Ultrasound (US), computed to-
mography (CT), and magnetic resonance imaging (MRI) images were 
sent to the primary study site for evaluation by local radiologists.

We focused on the following laboratory values relevant to he-
patic function: aspartate aminotransferase (AST), alanine amino-
transferase (ALT), total bilirubin, albumin, platelets, creatinine (Cr), 
and international normalized ratio (INR). Patients taking warfarin 
were excluded from the INR analysis. The values closest to (and be-
fore) the date of transplant were used as the pre-transplant values 
for this analysis. Post-transplant values were collected at two time 
points, 24–48 h after transplant and 1-year follow-up.

Echocardiographic and cardiac catheterization data were re-
corded from the studies closest to the date of transplant. Similar 

The median time from transplant to death was 0.5 years (95% Confidence Interval CI 
0.0, 3.6). The five-year survival was 73% (95% CI 64%, 83%). Deaths were related to 
cardiac causes in 68% (21/31) and infection in 6 (19%). A pre-transplant elevation in 
bilirubin was a predictor of death. Higher platelet levels were protective. Immediate 
post-transplant elevations in creatinine, AST, ALT, and INR were predictive of death. 
Advanced liver fibrosis identified on ultrasound, computed tomography, or magnetic 
resonance imaging was not predictive of death. Liver imaging suggested some im-
provement in liver congestion post-transplant.
Conclusions: Elevated bilirubin, but not fibrosis on liver imaging, was associated with 
post-heart transplant mortality in Fontan patients in this multicenter retrospective 
study. Additionally, heart transplant may alter the progression of FALD.
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post-transplant data were recorded from the last available data. 
Hepatic wedge pressures only were collected.

Liver biopsy reports were included, but description of the find-
ings and amount of fibrosis were inconsistent and typical grading 
scales for fibrosis such as the Ishak or Metavir were rarely used. 
Therefore, for this analysis, we divided patients into two groups 
based on the presence or absence of bridging fibrosis as indicated in 
the pathology reports. Pre- and post-transplant endoscopy reports 
were reviewed for evidence of varices.

All pre- and post-heart transplant US, CT, and MRI were reviewed 
by two radiologists fellowship-trained in abdominal imaging. Not all 
patients had equivalent pre- and post-heart transplant imaging. The 
liver was assessed for morphological changes of cirrhosis including 
nodular contour, elevated caudate lobe to right lobe ratio, liver pa-
renchymal abnormalities (changes in parenchymal echogenicity on ul-
trasound, abnormal signal intensity on T1, T2 and diffusion-weighted 
images on MRI), and delayed enhancement on late phase contrast 
enhanced CT or MRI (indicating the presence of fibrosis). Evidence 
of liver congestion was also documented (dilated inferior vena cava 
[IVC] and hepatic veins and abnormal early enhancement on contrast-
enhanced CT or MRI). The liver was further assessed for the presence 
of parenchymal nodules, and the nodules were assessed for size, lo-
cation, signal intensity on T1 and T2 MRI, and enhancement pattern 
on contrast-enhanced CT or MRI. Findings of portal hypertension, in-
cluding splenomegaly, portosystemic collaterals and ascites, were re-
corded. The radiologists divided the patients into two cohorts based 
on imaging findings: advanced and non-advanced fibrosis. Advanced 
fibrosis was based on by nodular contour, abnormal delayed enhance-
ment and findings of portal hypertension. Dilated veins and abnormal 
early enhancement (nutmeg) without other features was called “non-
advanced fibrosis.” This allowed for comparative analysis for predic-
tion of adverse outcomes or death.

Ultrasound elastography (US-E) reports were also inconsistent 
due to differences in hardware and techniques that evolved over 
time and prohibited comparisons of patient numerical values. Most 
reports were interpreted using the 2015 Society of Radiologists 
in Ultrasound Consensus Conference Statement where patients 
had low sheer wave elastography (SWE) values consistent with no 
clinically significant fibrosis (corresponding with METAVIR < F2), 
indeterminate (F2–F3), or advanced fibrosis/cirrhosis (F3–F4).14 
Therefore, patients were identified as having no significant fibrosis, 
indeterminate fibrosis, or advanced fibrosis.

2.1  |  Statistical analysis

We summarized demographics, lab, hemodynamic outcomes of in-
terest, and clinical diagnosis from radiology imaging using median, 
inter-quartile range (IQR), and count, percentage for continuous and 
categorical variables, respectively. We compared lab variables be-
tween the pre-transplant versus 24–48 h post-transplant, or versus 
1 year post-transplant time points using Wilcoxon signed ranks test. 
We assessed the association between mortality and demographics, or 

between mortality and the changes of lab measures from pre-transplant 
to 24–48 h post-transplant using univariate Cox proportional hazard re-
gressions with center as a random effect. The Cox proportional hazard 
regressions included a frailty term to account for heterogeneity in out-
comes due to multiple centers Hazard Ratios (HRs), 95% confidence in-
tervals (CIs), and p-values were reported from the models.15 Statistical 
significance was assessed at the .05 level. Statistical analyses were im-
plemented using R v. 3.6.0 (R Core Team, 2019).15

3  |  RESULTS

3.1  |  Demographics

Of the 156 patients identified across 12 institutions, 35% were fe-
male (Table 1). Extracardiac Fontan was the most common type 98 
(64%) followed by lateral tunnel 53 (35%), and aortopulmonary 2 
(1%) with three unknowns. The median age at the time of the Fontan 
operation was 3.3 years (IQR 2.25, 4.85). Protein losing enteropathy 
(PLE) and plastic bronchitis were present in 58 (37%) and 15 (10%) of 
patients, respectively. The mode of Fontan failure leading to trans-
plant was characterized as ventricular dysfunction in 76 (49%), PLE 
in 48 (31%), plastic bronchitis in 15 (10%), and other in 17 (11%). A 
hepatologist/gastroenterologist followed 37 patients (24%) prior to 
transplantation.

The median age at transplant was 13.6 years (IQR 7.8, 17.2). 
At the time of transplant, 93 (60%) were listed as status 1A, 37 
(24%) as status 1B, 24 (16%) as status 2, and two unknowns. The 
median time from the Fontan operation to heart transplant was 
9.3 years (IQR 3.2, 13.4) with a median follow up time post-heart 
transplant of 3 years (IQR 0.7, 5.0). Post-heart transplant resolu-
tion of PLE was documented in 48 of the 57 pre-transplant PLE 
patients (84%, one patient had no documentation) and resolution 
of plastic bronchitis in 14 of the 15 pre-transplant plastic bronchi-
tis patients (93%).

3.2  |  Laboratory results

The median (IQR) for pre-  and post-transplant laboratory values 
are listed in Table  2. There were significant increases in the pre-
transplant to early post-transplant values for Cr, AST, ALT, and total 
bilirubin, while the albumin levels and platelet counts decreased. By 
1 year after transplant, AST, and bilirubin were significantly lower 
than pre-transplant values, while the platelet count and albumin 
were significantly higher. The INR in patients not taking warfarin 
was not elevated and remained similar across time points.

3.3  |  Hemodynamics

After heart transplant, there was an expected increase in ejection 
fraction, cardiac output, and improvement in central venous and 



4 of 8  |     GRIFFITHS et al.

pulmonary venous wedge pressures (Table  3). The pre-transplant 
hepatic wedge pressure was measured in 37 patients with a me-
dian value of 17 mmHg and was only measured in two patients after 
transplantation.

3.4  |  Pathology

Only 29 patients underwent liver biopsy between the Fontan opera-
tion and heart transplant and four patients had post-heart transplant 
liver biopsies. All patients had evidence of hepatic disease ranging 
from mild patchy sinusoidal dilation and mild portal fibrosis to bridg-
ing fibrosis with regenerative nodules. Mild portal fibrosis was noted 
in 12 patients while 17 patients had more severe disease character-
ized by bridging fibrosis. Of the three patients with a post-transplant 
liver biopsy, one had a lymphoproliferative disorder diagnosed with 
no other mention of liver parenchymal changes, one had focal nodu-
lar hyperplasia in a liver mass, and one had patchy portal fibrosis 
2 years after heart transplant. None of the three patients had biop-
sies prior to transplant for comparison.

3.5  |  Endoscopy

Of the 28 patients (18%) who underwent pre-transplant endoscopy, 
15 (54%) were entirely normal. Only five patients had evidence of 
varices: three were grade 1 and two were grade 2. Of the 10 patients 
with post-transplant endoscopy, none had varices. None of the four 
patients with both pre- and post-transplant endoscopy had any find-
ings of varices or portal gastropathy either pre- or post-transplant.

3.6  |  Imaging

Pre-  and post-transplant imaging was not standardized either be-
tween or within participating sites. The timing of imaging relative 
to transplant varied from weeks to years. Of the 156 patients in the 
study only 119 (76%) had imaging available for review. Pre-transplant 
US showed advanced fibrosis on 33% (30/91) of patients. Post-
transplant US had advanced fibrosis on 49% (27/55) and 15 patients 
had both pre- and post-transplant fibrosis (Table 4). CT or MRI evi-
dence of advanced fibrosis was found in 70% (31/44) pre-transplant 
patients and 58% (22/38) post-transplant, with 11 patients having 
fibrosis both before and after transplant. Advanced fibrosis using 
any modality (US/CT/MRI) was found in 50% (49/98) pre-transplant 
patients, 54% (38/70) post-transplant patients with 48% (28/58) 
having both pre- and post-transplant fibrosis.

There were 11 patients with CT/MRI imaging 6 months to 1-year 
post-transplant. Seven patients had nodular livers and were classi-
fied as advanced fibrosis. However, IVC and/or hepatic vein dilation 
was only seen in two patients. Only three of the patients had pre-
transplant CT/MRI available for comparison. All showed nodularity 
and advanced fibrosis both pre- and post-transplant. There were 15 
patients with CT/MRI imaging beyond 1 year of which seven patients 
had nodular appearance with advanced fibrosis. IVC and hepatic 
vein dilation was only seen in two patients. Only four patients had 
pre- and post-transplant imaging available for comparison. Three of 
which had continued advanced fibrosis.

TA B L E  1 Demographics and clinical variables

N = 156

Age at transplant, median (years) 13.6 (IQR 
7.8, 17.2)

Age at Fontan operation, median (years) 3.33 (IQR 
2.25, 
4.85)

Time from Fontan to transplant, median (years) 9.3 (IQR 3.2, 
13.4)

Female 54 (35%)

Status at transplant

1A 93 (60%)

1B 37 (24%)

2 24 (16%)

Pre-transplant plastic bronchitis 15 (10%)

Pre-transplant PLE 58 (37%)

Followed by a gastroenterologist for liver 
dysfunction

37 (24%)

Clinical diagnosis

DILV 8 (5%)

DORV 19 (12%)

HLHS 68 (44%)

Tricuspid atresia 11 (7%)

Unbalanced AV canal 20 (13%)

Other 30 (19%)

Type of Fontan

Extracardiac conduit 98 (65%)

Lateral tunnel 52 (34%)

Atriopulmonary connection 2 (1%)

Time from transplant to last visit, median (years) 3.0 (IQR 0.7, 
5.0)

Race

American Indian 2 (1%)

Asian 5 (3%)

Black/African American 22 (14%)

White/Caucasian 104 (67%)

Other 20 (13%)

Unknown 2 (1%)

Mode of failure

Plastic bronchitis (PB) 15 (10%)

Protein-losing enteropathy (PLE) 48 (31%)

Ventricular dysfunction 76 (49%)

Other 17 (11%)

Note: Missing values: status at transplant = 2, time from Fontan to 
transplant = 1, type of Fontan = 4.
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Looking specifically at the seven patients with both pre-  and 
post-transplant MRI showed one scan was performed 2 weeks post-
transplant which demonstrated unchanged fibrosis. The remaining 
six MRIs were performed 3 months to 18 months post-transplant. 
Fibrotic changes persisted in all studies but the livers appeared gen-
erally smaller and/or less congested by caudate lobe to right lobe 
ratios or lacked IVC dilation.

Liver nodules were seen in 30 patients by one or more imag-
ing modality: 13% (11/87) patients pre-transplant and 25% (13/52) 
post-transplant by US (Table 5); 26% (11/42) pre-transplant and 29% 
(10/34) of post-transplant by CT/MRI. Of the 30 patients with liver 
nodules, 13 had 1–5 nodules, one had 6–10 nodules, and 16 had >10 
nodules (Table 6). All nodules showed the hypervascularity typical 
of regenerative nodules occurring in the setting of vascular liver 
disorders. The number of nodules decreased in three patients after 
transplant. Portosystemic collaterals were identified on CT/MRI in 
10 patients before transplant and five patients after transplant.

Elastography was performed in 23 patients: US in 19 patients and 
MRI in four patients. In the US elastography group, 11 of 15 patients 
had indeterminate (F2–F3) fibrosis, four had advanced (F4) fibrosis, 
and none had clinically insignificant fibrosis (<F2) before transplant. 
All four of the patients with US elastography after transplant had 
serial exams: one had variable results over time, including no fibrosis 

TA B L E  2 Laboratory results summarized in median (IQR)

Pre-transplant Post-transplant 48 hr Post-transplant 1 year
Pre- vs. post-
transplant 48 hr

Pre- vs. post-
transplant 1 year

N = 153 N = 149 N = 123 p value p value

AST, μ/L 36 (27, 49) 130 (77, 262) 33 (25, 41) <.001 .013

ALT, μ/L 33 (24, 43) 52.0 (33, 105) 31.5 (23, 46) <.001 .38

Bilirubin, mg/dl 0.7 (0.5, 1.0) 1.4 (0.9, 2.7) 0.4 (0.3, 0.6) <.001 <.001

Creatinine, mg/dl 0.6 (0.4, 0.8) 0.8 (0.6, 1.1) 0.6 (0.4, 0.8) <.001 .07

Platelets, k/μl 210 (162, 296) 122.0 (87, 170) 232 (175, 309) <.001 .024

Albumin, g/dl 3.7 (3.0, 4.3) 3.1 (2.6, 3.5) 4.1 (3.7, 4.4) <.001 <.001

INR (no warfarin) 1.2 (1.1, 1.4) 1.4 (1.2, 1.7) 1.1 (1.1, 1.2) .31 .17

Note: Missing values by group (pre/post 48 hr/post 1 year): AST (aspartate aminotransferase) = 10/21/17, ALT (alanine aminotransferase) = 10/21/16, 
bilirubin = 11/31/19, creatinine = 1/1/2, INR (international normalized ratio) = 19/13/61, platelets = 4/1/10, albumin = 15/17/27.

TA B L E  3 Hemodynamics summarized in median (IQR)

Pre-transplant
Most recent 
post-transplant

N = 152 N = 149

PCWP, mmHg 11.0 (8.0, 14.0) 13.0 (10.0, 18.0)

Cardiac index, L/m2 3.0 (2.6, 3.6) 3.2 (2.6, 3.7)

Fontan pressure, mmHg 16.0 (14.0, 19.0) NA

Right atrial pressure, mmHg NA 8.0 (5.0, 13.0)

LVEF, % NA 62.0 (59.0, 67.0)

Hepatic wedge pressure, 
mmHg

17.0 (15.0, 19.0) 4.5 (0, 9)

Note: Missing values by group (pre/post): pulmonary capillary 
wedge pressure (PCWP) = 19/14, cardiac index = 30/27, Fontan 
pressure = 20/149, hepatic wedge pressure = 115/147, right atrial 
pressure = 152/11, left ventricle ejection fraction (LVEF) = 152/64.

TA B L E  4 Advanced Fibrosis on imaging studies

Modality
Pre-
transplant Post-transplant

Both pre- and 
post-transplant

US N = 91 N = 55 N = 44

30 (33%) 27 (49%) 15 (34%)

CT/MRI N = 44 N = 38 N = 14

31 (70%) 22 (58%) 11 (79%)

US, CT/MRI N = 98 N = 70 N = 58

49 (50%) 38 (54%) 28 (48%)

Abbreviations: CT, computed tomography; MRI, magnetic resonance 
imaging; US, ultrasound.

TA B L E  5 Liver nodules and portosystemic collaterals by imaging 
modality

Modality Pre-transplant Post-transplant

Liver nodules

US N = 87 N = 52

11 (13%) 13 (25%)

CT/MRI N = 42 N = 34

11 (26%) 10 (29%)

Portosystemic collaterals

CT/MRI N = 42 N = 34

10 (24%) 5 (15%)

TA B L E  6 Frequency of multiple liver nodules by any modality

Number of liver nodules by patient N = 30

1–5 nodules 13

6–10 1

>10 16
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→ fibrosis → no fibrosis over the course of 3 years; one improved 
over the course of a year from indeterminate to no fibrosis; and two 
remained indeterminate on annual exams. The one patient with US 
elastography both before and after transplant showed improvement 
from fibrosis to no evidence of fibrosis. MRI elastography (MR-E) 
was performed in four patients: two before transplant, one patient 
after transplant, and one with both pre- and post-transplant studies. 
All four of these patients demonstrated increased stiffness (4.4–7 
Kilopascals). The one patient with serial imaging had decreased liver 
stiffness (5.9–3.1 Kpa) 18 months after transplant.

3.7  |  Death

There were 31 (20%, 31/156) deaths, among all participating sites 
with six occurring within 48 h post-transplant. The median time from 
transplant to death was 0.5 years (IQR 0.0, 3.6). The 5-year survival 
was 73% (Figure 1). Deaths were related to cardiac causes in 61%, 
(19/31), infection in 16%, (5/31), and post-transplant lymphoprolif-
erative disorder (PTLD) in 2 (6.5%). Death from a gastrointestinal 
bleed, pulmonary venous malformation and portal hypertension, 
renal failure, stroke, and unknown cause occurred in one patient 
each. The patient who died from a gastrointestinal bleed did not un-
dergo an endoscopy pre- or post-transplant.

No pre-transplant demographic factors were associated with a 
higher post-transplant mortality (Table 7). Higher total bilirubin (HR: 
1.12, 95% CI: 1.03, 1.21; p =  .007) was associated with increased 
post-transplant mortality while higher platelet count was associated 

with decreased post-transplant mortality (HR: 0.49, 95% CI: 0.24, 
0.97; p =  .041). Higher immediate post-op (24–48 h) Cr, AST, ALT, 
and INR elevations were associated with increased post-transplant 
mortality (Table 8). Pre-transplant fibrosis on any imaging modality 
was not associated with post-transplant mortality (Table 7).

4  |  DISCUSSION

This study represents the largest detailed retrospective review of 
Fontan patients who have undergone cardiac transplant and provides 
insight into the impact of FALD at the time of transplant. We recog-
nize that the true incidence of FALD is difficult to identify since there 
is no formal definition of the disease. Despite this, our study provides 
multicenter, real-world laboratory and imaging assessment of the 
liver for Fontan patients undergoing transplant that are likely broadly 
applicable. The presence of advanced fibrosis, identified in 50% of 
the patients with pre-operative imaging, as evidenced by nodular 
liver contour, abnormal delayed enhancement and portal hyperten-
sion was not a marker of a higher mortality at transplant. This finding 
is consistent with other studies that found mortality was not im-
pacted by pre-transplant cirrhosis. We were limited in understanding 
the course of disease progression by imaging studies by the relatively 
few studies obtained, variability in modality of imaging, and no stand-
ard imaging time points. In spite of the small numbers, elastography 
showed there was no worsening of FALD, and even some improve-
ment in two patients. The number of liver nodules decreased in three 
patients suggesting possible hepatic healing after transplantation.

F I G U R E  1 Kaplan–Meier plot for post-transplant survival. 
Estimated survival at 5 years from transplant is 73% (95% CI: 0.17, 
0.36)

TA B L E  7 Univariate survival analysis results for demographic 
and clinical variables (Table 1)

Demographic factors HR (95% CI) p-value

Age (years) at transplant 1.02 (0.96, 1.09) .46

Sex—Male 1.57 (0.67, 3.7) .30

Status at transplant—1B 1.28 (0.5, 3.27) .60

Status 2 0.38 (0.09, 1.66) .20

Followed for liver dysfunction 1.64 (0.75, 3.58) .21

Age at Fontan operation (years) 0.95 (0.81, 1.1) .47

Years between Fontan and 
transplant

1.04 (0.98, 1.11) .19

Race—White 1.04 (0.46, 2.37) .93

Clinical diagnosis—HLHS 0.81 (0.38, 1.69) .57

Pre-transplant plastic bronchitis 0.71 (0.21, 2.36) .57

Protein-losing enteropathy 2.32 (0.84, 6.43) .11

Ventricular dysfunction 0.98 (0.33, 2.93) .97

Type of Fontan—Extra-cardiac 
conduit

0.87 (0.37, 2.02) .74

Pre-transplant fibrosis by US 1.89 (0.65, 5.5) .24

Pre-transplant fibrosis by CT/MRI 1.53 (0.32, 7.26) .59

Pre-transplant fibrosis by any 
modality

1.89 (0.69, 5.23) .22
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The rare endoscopic findings of only low-grade varices among 
this cohort may suggest these patients are at low risk for variceal 
bleeding especially considering the selection bias towards these pa-
tients having worse liver disease. The development and behavior of 
varices in FALD may differ from that of cirrhosis given the elevated 
central venous pressures present in the Fontan circulation. As var-
iceal bleeding is a major cause of mortality in cirrhosis, it is import-
ant to determine any differences and similarities which could impact 
long-term survival of all Fontan patients.

Abnormal higher pre-transplant total bilirubin predicted 
mortality; however, most lab values were normal or mildly ab-
normal consistent with the clinical picture of FALD. Half of the 
patients with liver imaging had evidence of advanced fibrosis 
with largely normal labs. Although elevated total bilirubin in-
dicates more advanced illness or liver disease, the median and 
interquartile range of the cohort falls within normal values 
leaving the question unanswered as to how high a value is pro-
hibitive. Higher platelet levels were found to be protective and 
may indicate less splenic involvement from portal hyperten-
sion. Immediate post-transplant increases in Cr, AST, ALT, and 
INR were risk factors for mortality. The question of whether 
these are general manifestations that can be seen immediately 
post-transplant (post-cardiopulmonary bypass, primary graft 
failure, low cardiac output, for example) or evidence of liver in-
sufficiency secondary to FALD remains unanswered. The nor-
malization of post-transplant lab values overtime, however, is 
reassuring and may indicate some degree of hepatic regenera-
tive ability that allows recovery as the cardiogenic component 
of liver congestion is alleviated. Furthermore, there were few 
late deaths in a setting of a median follow up of 3 years with 
gastrointestinal bleeding and portal HTN/pulmonary venous 
malformation in one patient each as the only causes of death 
with a possible link to hepatic dysfunction.

Hepatocellular carcinoma has been reported in long-term survi-
vors of the Fontan circulation. There were no cases of hepatocellular 
carcinoma in this cohort. Therefore, we can provide little guidance 
on possible surveillance strategies in Fontan patients after trans-
plant. The median age of our cohort is 13 years so these results may 
not be extrapolated to adults with Fontan circulation. These older 
patients have already been selected out as a “healthier” Fontan pa-
tient, due to their advanced age at the time of transplant evaluation. 
It is unclear if their livers are actually healthier, retaining regenera-
tive abilities or conversely, near decompensation requiring replace-
ment. A similar review of older patients with a Fontan followed at 
adult congenital heart centers who have undergone heart transplant 
could help answer this question.

4.1  |  Limitations

Our retrospective study has several limitations. It is unclear how 
well this cohort represents the overall population of failing Fontan 
patients being evaluated for heart transplant. There is a strong 
potential for selection bias as those with worse FALD may have 
not been referred for transplant, underwent CHLT, or died on the 
wait list. This is countered by the fact that many Fontan patients 
underwent transplant in the early 2000s prior to FALD being rec-
ognized thereby potentially negating any selection bias. The lack 
of standardized imaging protocols, either pre- or post-transplant, 
limits our ability to define the course of FALD post-transplant. The 
imaging practice both pre- and post-op may be inherently biased 
either by institutional practice or generated by patient specific con-
cerns. We tried to account for variability in protocols and imaging 
quality by having central radiologists review the liver imaging. The 
average age of the cohort is 13 years old and it is unclear how well 
these findings can be extrapolated to an older Fontan cohort. The 

Pre-transplant Immediate post-transplant

HR (95% CI) p-value HR (95% CI) p-value

CR (mg/dl) 0.81 (0.12, 
5.52)

.83 1.81 (1.08, 3.05) .025

100 × AST (U/L) 3.44 (0.96, 
12.36)

.06 1.08 (1.01, 1.15) .029

100 × ALT (U/L) 1.74 (0.31, 
9.69)

.53 1.11 (1.03, 1.21) .011

Bilirubin total (mg/dl) 1.12 (1.03, 
1.21)

.007 1.3 (0.82, 2.07) .26

INRa 0.93 (0.37, 
2.34)

.87 1.87 (1.07, 3.3) .029

100 × PLTs (K/μl) 0.49 (0.24, 
0.97)

.041 1.5 (0.74, 3.02) .26

Albumin (g/dl) 0.84 (0.51, 
1.36)

.48 0.49 (0.21, 1.14) .10

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CR, creatinine; 
INR, international normalized ratio; Plts, platelets.
aExcluded patients who are on warfarin.

TA B L E  8 Survival analysis results for 
laboratory variables (Table 2)
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follow-up time for some patients was relatively short. As some of 
the patients were transplanted in late adolescence, the transfer of 
care to an adult center potentially limited follow-up by the initial 
pediatric program. Futures studies should include the participation 
of adult programs where Fontan transplant patients are followed.

5  |  CONCLUSION

For failing Fontan patients undergoing heart transplant evaluation, 
abnormal liver synthetic function may indicate increased risk of early 
post-transplant mortality. Additionally, advanced fibrosis on liver 
imaging may not be an adequate predictor of transplant mortality 
and its impact remains poorly defined. Limited post-heart transplant 
liver imaging shows hepatic fibrosis remains present but with some 
evidence of decongestion. A prospective MRI study of Fontan pa-
tients post-transplant could better define the post-transplant he-
patic changes seen and need for ongoing surveillance either short 
or long term.
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