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Abstract Liver cirrhosis (LC), which may result in
hepatic failure or cancer, has been reported in patients after
Fontan procedure. The purpose of this study was to clarify
the frequency and histological characteristics of LC, and
to evaluate the risk factors and serological markers of LC
with Fontan circulation. Retrospective review of contrast-
enhanced CT scans (CT) of the liver was carried out in 57
patients after Fontan procedure. Patients were divided into
two groups: LC group (n = 31) and no LC group (n = 26).
Age at Fontan procedure, duration after Fontan procedure,
catheterization data, and history of failing Fontan circu-
lation were compared between groups. Serological data
including y-GTP and hyaluronic acid were compared. His-
tology of autopsy specimens was assessed when available.
Duration after Fontan procedure was significantly longer
in LC group than no LC group. History of failing Fontan
circulation was more frequent in LC group than in no LC
group. There was no correlation between type of procedure
(APC/Bjork/lateral tunnel/TCPC) and LC in this series.
Serum hyaluronic acid, y-GTP, and Forns index were sig-
nificantly higher in LC group. Significant risk factors for
LC were duration after Fontan procedure (>20 years). In
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autopsy specimens, histopathological changes of LC were
observed predominantly in the central venous area. LC
diagnosed with CT is frequent in patients long after Fontan
procedure, especially after 20 years. Hyaluronic acid and
y-GTP could be useful markers to monitor the progression
of liver fibrosis in Fontan patients.

Keywords Fontan procedure - Failing Fontan
circulation - CT scan - Liver cirrhosis - Serological marker

Abbreviations

Fontan patients Patients who had undergone Fontan
procedure

LC Liver cirrhosis

TCPC Total cavopulmonary connection

APC Atriopulmonary connection

Background

Fontan procedure for tricuspid atresia was performed for
the first time in 1971 by Fontan and Baudet [1], and has
been subsequently applied for other patients with single
ventricle physiology. Over time, many modifications of
the Fontan procedure have been applied, and its long-term
result has been substantially improved. Recently, the main
interest has shifted from short-term survival to long-term
morbidity [2]. The hemodynamic characteristics of Fon-
tan circulation, involving passive circulation of blood from
the central vein to the pulmonary artery, result in relatively
high central venous pressure, impaired structural and func-
tional properties of the peripheral vessels [3], impaired car-
diac function [4], and depressed cardiac output [5]. There
is increasing evidence of liver dysfunction associated with
these hemodynamic characteristics [3—11]. More recently,
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hepatic cancer was reported in patients who had undergone
Fontan procedure (Fontan patients) at a relatively young
age [12], which has become a major concern in this popu-
lation. However, little is known about liver cirrhosis (LC)
in patients a long time after Fontan procedure. Therefore,
this study was conducted to determine the frequency of LC,
characteristics of histopathological changes of the liver, the
risk factors of LC, and the serological markers of LC a long
time after Fontan procedure.

Materials and methods

Retrospective cohort study to assess the development of
liver cirrhosis after the Fontan procedure was carried out
at Tokyo Women’s Medical University. The study proto-
col conforms to the ethical guidelines of the 1975 Decla-
ration of Helsinki, and approval by the institution’s human
research committee.

Liver cirrhosis: CT scan study

Those who had undergone Fontan procedure and were
followed at our institute for more than 5 years, and who
had undergone CT scan of the liver between 2008 and
2010, were included in this study. Retrospective review
of CT scans of the liver was carried out in 57 consecu-
tive patients. Those who had undergone CT scan but for
which the image quality was not sufficiently clear to
diagnose pathological change of the liver were excluded
from the study.

Diagnosis of liver cirrhosis Two radiologists who were
blinded to the clinical courses and laboratory characteris-
tics evaluated CT images and made diagnosis of cirrhosis.
In this study, LC was diagnosed using contrast-enhanced
CT scan based on the following four findings: irregular
surface, dull edge, presence of diffuse reticular pattern of
the liver parenchyma (regenerative nodule), and left lobe
enlargement of the liver. Diagnosis of LC was made when
regenerative nodule formation was observed with other
three findings.

Groups

Patients were divided into two groups: LC group and no LC
group, on the basis of the diagnosis made on CT scan of
the liver. Patient history, including age at Fontan operation,
duration after Fontan operation, central venous pressure,
which was measured within 6 months of CT scan, and his-
tory of failing Fontan circulation resulting in total cavopul-
monary connection (TCPC) conversion, was compared
between LC and no LC groups. Our institutional indica-
tion of TCPC conversion for APC Fontan is sign of failing
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Fontan circulation which included the presence of heart
failure, arrhythmia, and/or significant thrombus formation.

Baseline characteristics of the patients and laboratory
data were then compared between groups. Fontan proce-
dure includes classic atrio-pulmonary connection (APC),
Bjork procedure, lateral tunnel, and total cavopulmonary
connection.

Laboratory data including AST, ALT, gamma-glutamyl-
transferase (y-GTP), total bilirubin (t-bil), albumin, type
IV collagen 7 s, hyaluronic acid, and platelet counts were
collected when available within 3 months of CT scan and
compared between groups. Forns index was calculated
using a following formula:

7.811 — 3.131xIn(platelet count) + 0.781xIn(yGTP) +
3.467xIn(age) — 0.014x(cholesterol).

Postmortem study

In addition to the CT scan study, we also reviewed all the
patients who had undergone Fontan procedure at our insti-
tute and died. Those for whom autopsy specimens were
available were identified to evaluate pathology of the
liver. Clinical records and catheterization data were also
reviewed.

We classified the degree of fibrosis based on the new
grading system. Degree of fibrosis was divided into 4 cat-
egories; no fibrosis (FO), mild fibrosis (F1), moderate
fibrosis (F2), severe fibrosis (F3), and cirrhosis (F4). F1
includes pericentral and perisinusoidal expansion of fibro-
sis. F2 includes perisinusoidal and periportal expansion of
fibrosis with some bridging. F3 includes fibrosis with com-
plete bridging (porto-central septa), and cell irregularity. F4
is cirrhosis, which includes rearrangement of lobular archi-
tecture. Of note, this has some differences from the stand-
ard classification of fibrosis, which is made for liver fibro-
sis due to inflammations such as hepatitis. Fibrosis after
inflammation usually starts from the portal area, but that
observed in Fontan patients, owing to long-standing high
central venous pressure, starts from the central venous area.

Statistics

Statistical analysis was performed with Statistical Package
for the Social Sciences (version 19.0, SPSS Inc., Chicago,
IL, USA). Clinical and laboratory data are expressed as
median (IQR = interquartile range), and mean =+ SD where
appropriate. Difference between two groups was assessed
using Mann—Whitney U test. p value was calculated using
Fisher’s exact test. Cox proportional regression model,
determined by means of Youden index of the area under the
curve (AUC) on receiver operating characteristic (ROC)
curve analysis, was used to discriminate patients with LC
and no LC. Relationships between risk factors for LC such
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as age, age at Fontan procedure, duration after Fontan pro-
cedure, type of Fontan procedure, history of TCPC conver-
sion, cardiac diagnosis, and diagnosis of heterotaxy syn-
drome were evaluated using multivariate logistic analysis.
A p value of less than 0.05 was considered significant.

Result
CT scan data

Baseline characteristics, clinical profiles, and cardiac cathe-
terization data are shown in Table 1. There were 31 patients
(54 %) in the LC group and 26 patients in the no LC group.
Age at CT scan study and age at Fontan procedure were
significantly older in the LC group than in the no LC group
(p = 0.02, and p = 0.003). And duration after Fontan

procedure in the LC group was significantly longer than
that in the no LC group (p = 0.003). There were 14 patients
who had Fontan circulation for more than 20 years. Among
those 14 patients, 12 patients (86 %) had cirrhosis. Central
venous pressure in the LC group was significantly higher in
LC patient (p = 0.023). There were 24 patients in total who
underwent TCPC conversion in this series. TCPC conver-
sion had been performed significantly more frequently in
the LC group (23/31, 74 %) than in the no LC group (1/26,
4 %) (p < 0.001). There was no correlation between type of
procedure (APC/Bjork/lateral tunnel/TCPC) and LC in this
series.

Hyaluronic acid and y-GTP were significantly higher
in the LC group (p = 0.024 and p < 0.001, respectively)
(Table 2). Distribution of the serum hyaluronic acid and
y-GTP is shown in Fig. 1a, b. Forns index was significantly
higher in LC group than in no LC group (p = 0.01). ROC

Table 1 Clinical profile No LC (n = 26) L (=31} »

Gender female/male 14/12 17/14
Age (years) 19 (12-24) 25 (22-35) 0.001*
Age at Fontan procedure (years) 3(2-7) 8 (4-13) 0.0015*
Fontan duration (years) 15 (10-17) 17 (15-22) 0.003*
Diagnosis of heterotaxy syndrome 6 5
Cardiac diagnosis

Tricuspid atresia 7 16

Double outlet right ventricle 6 4

Transposition of the great arteries 1 2

Corrected transposition of the great arteries 2

Single left ventricle 2

Single right ventricle 5

Atrioventricular septal defect 1

Pulmonary atresia intact ventricular septum 2

Ebstein’s anomaly 1
Type of Fontan procedure

Atriopulmonary connection 18 20

Bjork 3 10

Total cavopulmonary connection 2, 1

Lateral tunnel 3
CVP (mmHg) 13 (12-15) 14 (11-17) 0.023*
TCPC conversion 2 23% <0.001*
Aortic saturation (%) 96 (94-97) 95 (92-96) 0.096
Cardiac index (L/min/m?) 2.2 (1.8-2.6) 2.2(1.824) 0.462
AV valve regurgitation trivial/mild/moderate 5/17/1 2/21/6 0.384
Medications

Warfarin 20% <0.001*

Diuretics 5 22% <0.001*

ACE inhibitor/ARB 12 0.574

LC liver cirrhosis, CVP central venous pressure, TCPC total cavopulmonary connection, CTR cardiotho-

racic ratio

* p < 0.05 considered statistically significant
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