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1 | INTRODUCTION

Abstract

The accuracy of liver biopsy to stage fibrosis due to Fontan-associated liver disease
(FALD) remains unclear. We compared the results of biopsy pre-combined heart and
liver transplantation (CHLT) to the results of whole liver explant. Liver biopsy and
explants from 15 Fontan patients (ages 16-49, median 28 years) were retrospectively
reviewed. Staging was as follows: stage O: no fibrosis, stage 1: pericellular fibrosis,
stage 2: bridging fibrosis, and stage 3: regenerative nodules. There is no stage 4.
Clinical characteristics including Model of End-stage Liver Disease eXcluding INR and
Varices, Ascites, Splenomegaly, and Thrombocytopenia (VAST) scores were collected,
and descriptive statistics and Mann-Whitney U tests were used to analyze the data.
All patients had biopsies with at least bridging fibrosis, and all had nodularity on ex-
plant; transjugular biopsy never overestimated fibrosis. Explant showed higher-grade
fibrosis (stage 3) than pre-CHLT biopsy (stage 2) in 6 of 15 patients and equal grade
of fibrosis (stage 3) in 9 of 15 patients. Though clinical characteristics varied signifi-
cantly, VAST score was 22 in all but two patients. Transjugular liver biopsy does not
overestimate and can underestimate fibrosis in Fontan patients undergoing CHLT,

likely due to the patchy nature of fibrosis in FALD.
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lead to cirrhosis and portal hypertension and complicate the man-
agement of patients with “Fontan failure.”® In some centers, heart

Fontan-associated liver disease (FALD) encompasses abnormalities
in liver structure and function that result from Fontan circulation
unrelated to other disease processes.1 FALD induces liver fibrosis,
which is universal in all Fontan patients.z'3 Fibrosis does not start
just with Fontan circulation but begins at some point before Fontan
along the patient's single ventricle palliation pathway.* FALD can

© 2020 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

transplantation is not offered to patients with Fontan failure and
liver fibrosis due to the high morbidity and mortality risk.® Combined
heart and liver transplantation (CHLT) may be appropriate in certain
cases. Liver biopsy in FALD may help to characterize and stage liver
fibrosis as part of a comprehensive evaluation of patients considered
for heart and/or CHLT.”? However, liver biopsy may not accurately
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identify the degree of fibrosis.? We thus sought to perform a retro-
spective descriptive analysis of our Fontan CHLT cohort to compare
fibrosis on liver biopsy pre-CHLT to fibrosis found on whole liver
explant.

2 | PATIENTS AND METHODS

All patients, unless there is a contraindication, being evaluated for
CHLT undergo liver biopsy as part of a comprehensive evaluation for
CHLT. Since 2008, 18 adolescents and adults >14 years of age with
failing Fontan physiology have undergone CHLT at our center and
thus met inclusion criteria. Three patients who did not undergo liver
biopsy due to concern for bleeding were excluded. Liver biopsy was
performed via transjugular technique (except in two patients), and
whole explants from the remaining 15 patients (ages 16-49, median
28 years) were reviewed. All biopsies were comprised of at a mini-
mum three cores with lengths ranging from 0.2 to 1.5 cm. All biop-
sies and explants were reviewed at the time of biopsy and transplant
by at least two members of the pathology faculty and re-reviewed
by three authors (SV, JH, and TD) for the purposes of this study.
Hematoxylin and eosin-stained slides from formalin-fixed, paraffin-
embedded material were examined. Additional special stains, includ-
ing trichrome, reticulin, and elastin van Gieson, were examined on
representative sections for each liver explant. Immunohistochemical
stains for cytokeratin 7, cytokeratin 19, and CD61 were also per-
formed in each case. The staging system of liver biopsy at our center
is as follows: stage O: no fibrosis, stage 1: pericellular fibrosis, stage
2: bridging fibrosis, and stage 3: regenerative nodules. There is no
stage 4. This staging system was designed to prevent “overstaging”
of biopsies, as biopsies only reflect a small sample of the liver, and
for its simplicity and reproducibility.10 In addition to biopsy results,
clinical characteristics including time from Fontan, results of echo-
cardiography and cardiac catheterization, advanced liver imaging,
and Model of End-stage Liver Disease eXcluding INR (MELD-XI)
and Varices, Ascites, Splenomegaly, and Thrombocytopenia (VAST)
scores were collected for each patient.“‘12 Descriptive statistics
were calculated, and Mann-Whitney U tests were used to assess
these characteristics for association with biopsy results. The study
protocol was approved by the Stanford University Institutional
Review Board.

3 | RESULTS

All patients had evidence of sinusoidal dilation, pericellular fibrosis,
and at least bridging fibrosis on pre-CHLT liver biopsy; all patients
had sinusoidal dilation, pericellular fibrosis, bridging fibrosis, and
nodularity on whole liver explant. Liver explant showed higher-grade
fibrosis (stage 3, nodularity) than biopsy (stage 2, bridging fibrosis) in
6 of 15 patients and the same grade of fibrosis (stage 3, nodularity) in
9 of 15 patients. No patient had less fibrosis on explant than biopsy.

Results of echocardiography, cardiac catheterization, advanced liver

imaging, and MELD-XI scores varied significantly (Tables 1 and 2).
Time from biopsy to transplant, Fontan duration, Fontan or end-di-
astolic pressures nor MELD-XI scores were associated with fibrosis
stage on biopsy. All but two patients (one with asplenia) had a VAST
score 22. One patient was diagnosed with hepatocellular carcinoma
(HCC) by advanced imaging post-biopsy but pre-transplantation; ex-

plant confirmed this diagnosis.

4 | DISCUSSION

Our aim was to evaluate the degree of liver fibrosis in our cohort of
CHLT patients comparing pre-CHLT biopsy and post-CHLT explant
specimen. We found the majority of biopsies and explant specimens
to be concordant in fibrosis grade, while a substantial minority of bi-
opsies underestimated the degree of fibrosis found on explant. One
potential explanation for why some biopsies underestimated fibrosis
could be that there was a lag in time between date of biopsy and
date of transplant, and thus, there was progression of FALD that led
to higher-grade fibrosis on explant. However, there was no differ-
ence in the median time from biopsy to transplant for those with
bridging fibrosis (stage 2) versus those with stage 3 (nodularity) (1.1
versus 1.2 years, respectively). More likely, the discordance of some
biopsies showing less fibrosis than explant was due to potential sam-
pling error from the patchy nature of fibrosis in FALD. No biopsy
overestimated fibrosis despite the use of transjugular approach in
all but two patients.

Liver biopsy is the gold standard for assessment of FALD, as
many of the typical laboratory values used to monitor liver inflam-
mation and synthetic function in other types of liver disease, such as
liver enzymes, albumin, and coagulation factors do not consistently
correlate with the severity of FALD. That no patient showed high-
er-grade fibrosis on the pre-CHLT biopsy when compared to liver
explant is significant in that all but two of these biopsies were done
by transjugular technique. Due to the obligatory central venous con-
gestion, some have argued that transjugular biopsy may overesti-
mate liver disease in the Fontan population since it samples the area
around the central vein. Percutaneous transhepatic biopsy has thus
been advocated to give a more accurate fibrosis assessment.*® The
only other study with data comparing pre-CHLT biopsy (all by percu-
taneous technique) and liver explant, however, showed only four of
seven patients with a concordant degree of fibrosis. The other three
patients had disparate results on biopsy versus explant—one had bi-
opsy overestimate fibrosis and two had biopsy still underestimate
fibrosis.” Thus, transjugular biopsy should not be viewed as inferior
to percutaneous technique regarding accurate assessment of liver
fibrosis and may be more appropriate in patients with significant co-
agulopathy or ascites (Book's type Ill Fontan failure) and obviate the
need for hospitalization for overnight observation.>*?

It is important to note the assessment of FALD is complicated by
the various center-specific pathologic scoring systems used to clas-
sify liver disease overall and specifically, congestive hepatopathy

due to cardiac disease. Since the original pathologic scoring systems
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TABLE 2
20-yo F 28-yo F 31-yoM 19-yo F
DORV AVSD AVSD TA
Biopsy to explant  0.87 1.35 1.18 3.84
(years)
Hepatic vein/ N/A N/A 15/15 18/19
wedge
GFR (ml/ 130 35 110 87¢
min/1.73 m?)
PLE No No No Yes
Child-Pugh 8 (B) 12 (C) 7 (B) 9(B)
MELD-XI 10 25 9 11
VAST 4 (VAST) 2 (VA)! 2(AT) 3(VAS)
Liver imaging CT MR MR CT
Hepatomegaly Shrunken Nodular surface Nodular surface
Nodular surface  Liver Regenerative nodules
Regenerative Nodular Esophageal varices
nodules surface
Splenomegaly Ascites
Splenorenal Esophageal
shunt varices
Ascites
Liver biopsy Sinusoidal Sinusoidal Sinusoidal Sinusoidal dilation
dilation dilation dilation Pericellular fibrosis
Pericellular Pericellular Pericellular Bridging fibrosis®
fibrosis fibrosis fibrosis
Bridging fibrosis  Bridging Bridging fibrosis
fibrosis  Nodularity
Liver explant Sinusoidal Sinusoidal Sinusoidal Sinusoidal dilation
dilation dilation dilation Pericellular fibrosis
Pericellular Pericellular Pericellular Bridging fibrosis
fibrosis fibrosis fibrosis Nodularity
Bridging fibrosis  Bridging Bridging Fibrosis
Nodularity fibrosis Nodularity
Nodularity

16-yoM
TA

0.36

27/29

83¢

3 (VAS)

MR

Hepatomegaly
Nodular surface
Splenomegaly
Ascites

Esophageal varices
Splenorenal shunt

Sinusoidal dilation
Pericellular fibrosis
Bridging fibrosis
Nodularity

Sinusoidal dilation
Pericellular fibrosis
Bridging fibrosis
Nodularity

31-yoM
HLHS

0.45

N/A

110

No

7 (B)
10
3(VAS)

CT
Hepatomegaly
Nodular surface
Splenomegaly
Esophageal
varices

Ascites

Sinusoidal dilation
Pericellular fibrosis
Bridging fibrosis®
Hepatitis C

Sinusoidal dilation
Pericellular fibrosis
Bridging fibrosis
Nodularity

Individual gastrointestinal/liver characteristics of patients undergoing pre-CHLT liver biopsy and CHLT from 2012 to 2020

41-yo F
DORV

6

16/17

108

8 (B)
11
1(v)d

CT

Hepatomegaly
Nodular surface
Esophageal varices

Sinusoidal dilation
Pericellular fibrosis
Bridging fibrosis®

Sinusoidal dilation
Pericellular fibrosis
Bridging fibrosis
Nodularity

Abbreviations: AVSD, atrioventricular septal defect; CHLT, combined heart and liver transplantation; CT, computed tomography; DILV, double inlet
left ventricle; DORYV, double outlet right ventricle; GFR, glomerular filtration rate; HCC, hepatocellular carcinoma; HLHS, hypoplastic left heart
syndrome; MELD-XI, Model for End-Stage Liver Disease eXcluding INR; MR, magnetic resonance; PLE, protein-losing enteropathy; TA, tricuspid

atresia; TGA, transposition of the great arteries; VAST, Varices, Ascites, Splenomegaly, and Thrombocytopenia.

#Qutside biopsy.

bPercutaneous biopsy.

‘GFR estimated by cystatin c, rather than creatinine.

dHeterotaxy with asplenia or polysplenia so maximum VAST score is 3.

(Ishak and METAVIR) were based on the portal fibrosis that predom-
inates in inflammatory hepatitis, Dai et al** developed the “conges-
tive hepatic fibrosis score” to assess the central fibrosis specific to
congestive hepatopathy from right heart failure. Our group similarly
has devised a system of pathological classification of degree of liver
fibrosis stemming from right heart failure (see Section 2 above for
stages) which we apply to FALD. Though FALD-induced fibrosis was
thought to be solely centrilobular rather than portal in nature, it is
now known that both centrilobular and portal fibrosis occur, and
some centers have implemented scoring systems with both central
and portal fibrosis components such as the “modified Ishak conges-
tive hepatic fibrosis” (ICHF) score.*>” The unique nature of fibrosis
in FALD is likely due to the combination of insults to the liver—isch-

emia and hypoxia from cyanotic heart disease, and perioperative

insults from staged surgical palliation culminating in total cavopul-
monary anastomosis and its elevated central venous pressure and
low cardiac output. This combination of insults and their interplay,
rather than solely elevated central venous pressure, may account for
why we did not see the theoretical overestimation of fibrosis with
transjugular biopsy.

Some have questioned liver biopsy as the gold standard for as-
sessing FALD due to its patchy nature.? Ongoing studies have tried
to correlate biopsy with clinical, laboratory, and imaging data with
mixed results. The most consistent association has been seen with
time from Fontan operation (regardless of type of Fontan).318-20
Our study with its limited sample size did not show this association,
but our pathological scoring system does not include a quantitative

scale (eg, Sirius Red staining) which may allow for a better method
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21-yoM 43-yoM 28-yo F 26-yo M
HLHS DILV DILV AVSD
1.16 1.22 3.7 5.58
N/A 11/13 24/26 18/19
85°¢ 109 46° 112°¢

No No No No

6(A) 8(B) 8 (B) 6 (A)

9 13 19 13

2(VS) 2(ST) 4 (VAST) 3 (VST)
CT CcT CT CT
Nodular surface HCC Hepatomegaly Nodular surface

Splenomegaly

Nodular surface

Nodular surface

Splenomegaly

Esophageal Splenomegaly Splenomegaly Esophageal
varices Esophageal varices
varices
Ascites
Splenorenal
shunt
Sinusoidal Sinusoidal Sinusoidal Sinusoidal
dilation dilation dilation dilation
Pericellular Pericellular Pericellular Pericellular
fibrosis fibrosis fibrosis fibrosis
Bridging fibrosis  Bridging fibrosis  Bridging fibrosis ~ Bridging fibrosis
Nodularity? Nodularity Nodularity Nodularity
Steatosis
Sinusoidal Sinusoidal Sinusoidal Sinusoidal
dilation dilation dilation dilation
Pericellular Pericellular Pericellular Pericellular
fibrosis fibrosis fibrosis fibrosis
Bridging fibrosis  Bridging fibrosis  Bridging fibrosis  Bridging fibrosis
Nodularity Nodularity HCC ~ Nodularity Nodularity
Steatosis
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18-yoM 44-yo F 49-yo F 22-yoM

AVSD AVSD TA TGA

0.64 0.16 0.78 2.2

12/13 N/A 15/16 19/21

130°¢ 76°¢ 46 85¢

No No No Yes

5(A) 8(B) 9 (B) 8 (B)

9 9 13 10

3(VST) 1(A) 2 (AS) 2 (AT)

CT MR MR MR

Hepatomegaly Nodular surface Nodular surface Hepatomegaly

Nodular surface Steatosis Splenomegaly Nodular surface

Splenomegaly

Esophageal

varices

Sinusoidal Sinusoidal Sinusoidal Sinusoidal dilation
dilation dilation dilation Pericellular fibrosis

Pericellular Pericellular Pericellular Bridging fibrosis
fibrosis fibrosis fibrosis Nodularity?

Bridging fibrosis Bridging fibrosis Bridging fibrosis

Nodularity Steatosis” Nodularity?

Sinusoidal Sinusoidal Sinusoidal Sinusoidal dilation
dilation dilation dilation Pericellular fibrosis

Pericellular Pericellular Pericellular Bridging fibrosis
fibrosis fibrosis fibrosis Nodularity

Bridging fibrosis Bridging fibrosis Bridging fibrosis

Nodularity Nodularity Nodularity

Steatosis

of demonstrating the correlation of time from Fontan and degree
of fibrosis. Interestingly, we did note that our oldest patient (with
an atriopulmonary Fontan for 42 years) showed patchy fibrosis and
nodularity on explant, while one of our younger patients (with an
extracardiac Fontan for 18 years) showed a much more diffusely fi-
brotic liver (see Figure 1). This observation again points to a unique
pathophysiological interplay of ischemic insults, decreased cardiac
output and hypoxia along with elevated central venous pressure and
length of time in a Fontan circulation as the driver of FALD progres-
sion. Finally, a recent study did find correlation among results of liver
magnetic resonance elastography (MRE), invasive hemodynamics,
and the ICHF score and suggested liver biopsy can be reserved for
use only in patients whose MRE values are >5 kPa.'’ Though clinical

data including imaging findings are provided for each patient (see

Tables 1 and 2), the correlation of biopsy with imaging was outside
the scope of this small descriptive study. Further research is neces-
sary to elucidate which diagnostic modalities, including liver biopsy,
can best assess the mechanism, progression, and impact of FALD. As
our techniques for advanced imaging continue to expand, the role of
liver biopsy may diminish.

5 | LIMITATIONS

This study pertains only to FALD and should be not extrapolated to
other cardiac or liver diseases. FALD leads to patchy fibrosis, and
liver biopsy may lead to sampling error. There is a unique pattern of
both central and portal fibrosis in FALD, and there is no standardized
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FIGURE 1 Representative liver explant specimens. A, Liver explant gross specimen from a 49-year-old female with atriopulmonary
Fontan for 42 years showing variable fibrosis but minimal nodularity (arrow) on the capsular surface with some areas that appear normal. B,
At low magnification (40x) with trichrome staining, there are areas with broad fibrous bands (arrow) and areas that lack fibrosis altogether.
C, At higher magnification (100x) with trichrome staining, there is mild pericellular fibrosis, characteristic of congestive hepatopathy.

D, Liver explant gross specimen from a 22-year-old male with extracardiac Fontan for past 18 years showing diffuse nodularity and

brown discoloration suggestive of chronic congestion. E, At low magnification (40x) with trichrome staining, there is diffuse fibrosis with
bridging and regenerative nodules. F, At higher magnification (100x) with trichrome staining, the fibrous septa contain residual portal tract
structures, with thick fibrous bands surrounding residual lobules that lack central veins. The hepatocyte nodules show more pronounced

pericellular fibrosis

pathologic staging system; we use a scoring system as detailed
above. Future studies will be important to elucidate a uniform stag-
ing system for Fontan-associated liver disease. Finally, many of our
Fontan patients had pacemakers which precluded abdominal MRI,
and even of those who had MRI (six patients), only two patients had
elastography data. Thus, the comparison of elastography and biopsy
was not done, and a more general comparison of imaging and biopsy
was outside of the scope of our study, as the mix of CT and MRI
imaging precluded an adequate sample size for appropriate analysis
of imaging results.

6 | CONCLUSIONS

Pre-CHLT transjugular liver biopsy does not overestimate the de-
gree of fibrosis in FALD. However, the patchy nature of fibrosis can
lead to underestimation of fibrosis in some patients. Further studies
on the role of liver biopsy and pathologic classification in the evalu-
ation of FALD are needed.
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