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CLINIC Learning Objectives
* Understand the pathophysiology of Fontan
FONTAN-ASSOCIATED LIVER DISEASE associated liver diseasé (FALD).
14th Challenges in Viral Hepatitis and Liver Disease . . .
Lausanne, Switzerland, January 18, 2024 * Describe approach to diagnosis and management
patrick 5. Kamath, MD * Describe differential diagnosis of liver masses in
. » ) FALD.
Mayo Clinic College of Medicine and Science
Rochester MN USA * Explain the role of cardiac and liver transplantation
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Case: Fontan and the Liver Imaglng
 28-year-old female, Fontan procedure at age of 2
with multiple subsequent revisions is referred for Arterial hyperenhancing hepatic

MRI/MRE findings of multiple liver masses, many of
which show delayed washout. Liver stiffness on MRE
is 7.4 kPa which is in the cirrhosis range. MELD score
is 8 and platelet count 140,000 with AFP 3.2 ng/mlL.

nodules with delayed washout.
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Case: Fontan and the Liver FO"OW-Up
* 28 F, post Fontan, CTP-A, multiple hyperenhancing
nodules and delayed washout. You would: Hyperenhancing hepatic nodules
* A. Biopsy mass / masses
psy / Pathology: Focal Nodular Hyperplasia
* B. List for combined heart and liver transplant
« C. List for li | | But patients are also at risk for
. List for liver transplant alone hepatocellular carcinoma
* D. Atezolizumab plus bevacizumab Womonstior: . ot . et 2007 00 o 7504
Wallihan, D.B., et al. Pediatr Radiol, 2013. 43(3): p. 330-.
i i . Asrani, SK, et al. N Engl J Med, 2013, 368(18): p. 1756-7.
* E. Follow-up imaging in 3-6 months g
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Fontan and the Liver: Questions
* Risks for liver disease post Fontan (FALD)

* How do you assess fibrosis/cirrhosis
* How do you diagnose HCC
* Indications for liver transplantation

* Combined heart and liver transplantation versus
heart transplantation alone
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CONGENITAL HEART DISEASE SURGERY — Past

Hnysiologlsi
John Gibbon

sz

CONGENITAL HEART DISEASE SURGERY — Past

CONGENITAL HEART DISEASE SURGERY — Past

Surezor)
Mechanical pump oxygenator
for intracardiac repair
First cross i
—
March 26,1954 By 1956 : surgical mortality was 20%
o By 1957 : surgical mortality was 10% s
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CHD : SURGICAL COURAGE Fontan Palliation

Senning: operation for d-TGA T e

Ross: Repair of pulmonary atresia with aortic

homograft

Fontan operation for tricuspid atresia

Jatene arterial switch for d-TGA

1978 Danielson: Ebstein repair
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Fontan Carried Out for Single Ventricle

PhYsioIogy (or Univentricular Heart)
Hypoplastic Left Heart

Syndrome Tricuspid Atresia

Centers for Disease Control and Prnvenlié“g;»?]}

Fontan Procedure: Systemic venous return to
Pulmonary Artery

Atrio- pulmonary: p ulmonary;
ona el‘al tunnel Asrani etea . lsgaaggrdé\%;c
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Fontan Palliation: Complications
* Arrhythmia

* Heart Failure

* Cyanosis

* Protein-losing enteropathy (PLE)
* Thrombosis

* Plastic Bronchitis

* Fontan associated liver disease FALD .
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Fontan and the Liver: Questions
* Risks for liver disease post Fontan (FALD)

* How do you assess fibrosis/cirrhosis
* How do you diagnose HCC
* Indications for liver transplantation

* Combined heart and liver transplantation versus
heart transplantation alone
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Fontan: Liver Impact

 Decreased gradient between
portal and hepatic vein >
decreased portal venous inflow

* Increased reliance on hepatic
arterial circulation

* Relative hypoxia impairs oxygen
delivery to zone 3 hepatocytes

« Nonpulsatile flow

[

Hilscher, MB and Kamath, PS. Clin

CIRRHOSIS AFTER THE FONTAN PROCEDURE

+ Mean duration from Fontan operation to
diagnosis of cirrhosis was 23.4 + 6.3
years.

10gex
+ Of 195 patients with biopsy or imaging, 9% (933-100)
cirrhosis developed at:

In tricuspid regurgitation and other right heart problems the liver

2y
945 (06)

“rests” during diastole. Because of cavo-pulmonary
anastomosis, the liver has no rest in Fontan, constantly
“feeling” PA pressures

+ Low cardiac output
+ Elevated PA or IVC pressures

+ Hypoplastic left heart syndrome 0
T T
. _— 0 o 20
Survival: Follow—up time (year)
- 57% at 1 year
+ 35%at5 Pundi et al. Am J Cardiol. 2016.
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CAN HEPATIC FIBROSIS BE PREVENTED?

« My colleagues, Drs Simonetto, Hilscher, and Vijay Shah have created what
is arguably the first animal model of cardiac cirrhosis

Chronic hepatic congestion is associated with
increased intrahepatic thrombosis

FIBRIN p
SHAM
10x
FIBRIN 2 o
pIVCL
10
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EXPOSURE OF HEPATIC STELLATE CELLS TO CYCLIC Hepatic Congestion_, Thrombosis, and Stre_ztch (_:ontribute to
STRETCH ENHANCES FORMATION OF PROVISIONAL Congestive Hepatopathy and Fibrosis
EXTRACELLULAR MATRIX
“ Normal
TOP VIEW 10 | : ] Fibronectin
(+ %E g
g |- AR
SIDE VIEW -
— §; Control stroteh
Loading post g 5
Simonetto DA Hischer MS et al. Hopatology. 2015 Simonetio DA, Hilscher MB et a. Hepatology. 201
21 22
Warfarin treatment inhibits hepatic stellate cell Warfarin treatment inhibits fibrogenesis
activation and intravascular thrombosis after pIVCL in liver congestion
pIvVCL
SHAM plvCL Warfarin
"
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Tissue Factor Pathway Inhibitor overexpression in mice
decreases fibrosis development after partial IVC Ligation

Sirius Red Staining

couAGeN INTENSITY
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Summary of Lab Data

Characterization of murine model of hepatic venous

Can anticoagulation
prevent hepatic
Ml fibrosis post-Fontan?

rombosis

4. Fibrosis secondary to chronic congestion is at least
partially dey on inti lar thr i
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CLINICAL PRESENTATION OF FALD . .
Fontan and the Liver: Questions
- Often asymptomatic * Risks for liver disease post Fontan (FALD)
+ Hepatic congestion - ascites, hepatomegaly, jaundice « How do you assess fibrosis/cirrhosis
« Laboratory abnormalities:
* Predominantly indirect hyperbilirubinemia * How do you diagnose HCC
+ Mild aminotransferase elevation
+ Moderate elevations in alkaline phosphatase and GGT * Indications for liver transplantation
* Prolonged PT
+ Decreased serum albumin * Combined heart and liver transplantation versus
heart transplantation alone
““““ —— B
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Assessment of FALD: How to Diagnose ‘Cirrhosis’?

Laboratory

Tests V§

Hepatic Venous
Pressure Gradient

Imaging Elastography

Liver Biopsy*

[
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Assessment of FALD: How to Diagnose ‘Cirrhosis’?

Laboratory

Tests Wy

Hepatic Venous
Pressure Gradient

Imaging Elastography

Liver Biopsy*

30
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Assessment of FALD: Laboratory Tests

Assessment of FALD: Laboratory Tests

Mild fibrosis (n = 16)* ‘Severe fibrosis (n = 22)"

Povalue
Median (IQR) (%) abnormal Median (IQR) n (%) abnormal
ALT (UL 28 24-33) 1115 7%) 28(23-37) 322 (14%) 0915
AST (UL 28(23-33) 115 (7%) 28(25-35) 5022 (23%) 0551
ALP (UIL) 70 (54-97) 215 (13%) 81(70-%) 12 6% 0105
Gamma-glutamyl transferase (GGT) - Always elevated GGT (Ui 58 (46-104) 12115 (80%) 62 (49-121) 19722 (86%) 0636
P . _Mi : Birubin (mmol) 13 (11-19) 3115 (20%) 16(11-22) 9122 (41%) 0761
Liver aminotransferases - Mild elevations it bt i
Hyperbilirubinemia — Mostly mild and indirect MELD.XIscore 9.44(0.44-1098) 1112 @%) 9.4 (0.44-1108) 322 (14%) 0873
Model of End-Stage Liver Di: : Renal dy i i i
- @y - Munsterman ID et al. Eur Heart J. 2019 Apr 1;40(13 35,
Lab-based . t Assessment of FALD: How to Diagnose Cirrhosis?
ab-pDasea scoring systems
i patints B0 APRI>0S
R

Martin de Miguel 1, et a {art 202

%

Hepatic Venous
Pressure Gradient

Assessment of
FALD
Imaging ﬂ Elastography
Liver Biopsy*
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Fontan Associated Liver Disease (FALD): Diagnostic
Difficulties

* Nodular pattern of liver in absence of cirrhosis
* Hypervascular nodules seen that are not HCC

* Focal Nodular Hyperplasia common

Assessment of FALD: Imaging

Bae JM et al. Eur J Radiol. 2016 Apr;85(4):850-6 LiNie
Wells et al. Abdom Radiol (NY). 2018 Aug;43(8):2037-2051. €5
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Imaging in FALD: CT and MRI

- Brown MJ, Hilscher MB, Wells ML et al. J Comput Assist Tomogr. 2023 Aug 11. (¢
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Assessment of FALD: How to Diagnose Cirrhosis?

Hepatic Venous
& Pressure Gradient

Assessment of
FALD

ﬁ Elastography

Liver Biopsy*

Assessment of FALD: HVPG

HVPG =4 WHVP 4FHVP

Mean HVPG=1.4+0.3
mmHg
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Assessment of FALD: How to Diagnose Cirrhosis?

% -

Assessment of
FALD

&

ﬂ Elastography

Liver Biopsy*
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Acoustic Driver System for MRE

Displacement (um)
o

-90

Acoustic waves at V20 N

60Hz - Imaging A \ B

time: 32s | \ Py R
N> I

Active Driver @
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Congestion increases liver stiffness on
elastography

7y
Hilscher, MB, ot al. Hepatology.
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Elastography in
FALD

* In FALD, MRE correlates
best with IVC pressure and
Fontan pressures, not
fibrosis.

g Inexperience ) Cardiac
Disease
Congestion
Ianammation) Situations
when MRE

Change in MRE-LS (kPa) ®

+« Annl Recommendations

stiffr | Longitudinal assessment of LSM during follow-up could
@SS help monitor patients and predict dlinical outcomes. Thus,
prog  in suneilance programmes for FALD, LSM can be
dise  considered and easily performed when available as an
and|  adunct to a liver ultrasound or MR examination (Very low

or
Fibroscan

Alcohol May be

ikt _ Inaccurate
S change'in MELDXIscore N\
Obesity
EEEE—— O
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Assessment of FALD: How to Diagnose Cirrhosis? Assessment of FALD: Should Biopsy be the Gold-Standard?

StageFollow-up
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Liver Biopsy*

Atk 57 zyzzErez zdj

»
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Role of liver biopsy in determining need for CHLT — Penn experience

When Do | Suspect the
* Pre-operative liver biopsy pathology graded on Patient Has Cirrhosis?
fibrosis

Based on Standard Metavir fibrosis score (FO-F4)
FO: No fibrosis
F1: Mild fibrosis (portal fibrosis without septa)

1. Patient with congenital heart disease and:

Variceal bleeding
Ascites — SBP
Hepatic encephalopathy

Biopsy Explant Total Concordance

- = 2. Physical examination:
Median Biopsy | Biopsy
| o | Splenomegaly
explant | explant Spider nevi
beant 2 Palmar erythema
Heart
+ n 3 5 31%
liver A\
2R AR
—_——— _ —_—— el
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When Do You Suspect the
Patient Has Cardiac Cirrhosis? (cont.)

3. Labs:
Thrombocytopenia (often, first laboratory abnormality)
AST > ALT
Low albumin or elevated INR (caution: also seen in PLE)
4. Abdominal imaging:
Porto-systemic collaterals
Splenomegaly
5. Endoscopy:
Varices

[ -

Approach to Diagnosing Cirrhosis

* Clinical examination

Heart translblnént
Surgeons want Biopsy!

at least two lines of supporting evidence to justify diagnosis.

epatic
uired.

‘ -
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FALD: Diagnosis of Cirrhosis — Practical Issues Varices in FALD I-
| am worried only if patients have complications of portal
hypertension or HCC. . o mem oL
Hepatic fibrosis is invariable at 10 years icouwer et am Hear assoc
2017 Apr 26;6(5). pii: €004809)
Thrombocytopenia may be more meaningful in diagnosis FALD a0 lyear soyear
of cirrhosis than MR elastography Compensated thsis 3040% 78%year 1015%year
APRI and FIB-4 may correlate with FALD mortality T T as% Zm6at1year 10159 year
51%at 3 years
_ MFETF E;'E‘."Af;?‘.T"d.’.‘é’.??.’:iﬁ.”j:
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Fontan and the Liver: Questions
* Risks for liver disease post Fontan (FALD)

* How do you assess fibrosis/cirrhosis
* How do you diagnose HCC
* Indications for liver transplantation

* Combined heart and liver transplantation versus
heart transplantation alone

[ —
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Liver Masses in FALD

* Benign hyperenhancing masses in Fontan patients
may demonstrate delayed washout and be mistaken
for HCC by imaging criteria.

* HCC: Portal phase washout, mosaic architecture,
elevated AFP

. 2017;42(11):2623-2631



https://www.ncbi.nlm.nih.gov/pubmed/28785785
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Typical FNH in FALD: Most Common Arterial
Enhancing Mass

* FNH on biopsy

|

. 2017 Nov;42(11):26

FNH Showing Features of HCC: Arterial
enhancement and Delayed Washout

55 56
HCC in FALD: Characteristics
HCC IN FALD
. Atypica I/heterogenous portal phase washout with . Hgger age at Fontan nor time since Fontan operation correlated with
A B | C ; + Approximately half were asymptomatic.
« One-quarter had normal AFP levels.
« Approximately half occurred in patients with MELD-XI scores <11, APRI
scores <0.05, and FIB-4 scores <1.45
Imaging features associated with HCC:
Venous invasion OR
Portal venous washout, threshold growth,
mosaic architecture (and elevated AFP)
58
FALD
+ Surgical therapy with intent to cure in Focal lesions detect on CT US or MIRI"
OUTCOMES OF Surdic EVALUATION OF -
SVOI.HI ﬁ"égATIENTS + 9 underwent CHLT (0 recurrence) Egglglillélvl:EA'T.D ’A%‘.’E‘SREL%%‘%"E&’&SAF &“.%?.;“:%P!SLS{
+ 9 underwent surgical resection : ; ! 3
o (recurrence in 44%) Typical for FNH Atypical for FNH
o7 + 33 underwent liver-directed therapy ' T
+ 15/33 had evidence of viable tumor G (3.6 monihs) (OR Iver bopsy)
050 on follow up imaging e l
3 underwent systemic therapy Stable/decrease/disappear | P sEe A
e . . atypical features
9 received no active cancer treatment i |
= P S + Median follow up of 1.45 years: e follow ub Wil «— Benign + Biopsy
Number atrisk * 64% survival +
f 5 woow® oz e + 1-year survival rate of 81% LT
3 : 1 ° :f}";ﬁﬂ'f& (;fAFP favors malignancy in Management as HCC
Time {ysars) Kim Y. Hoteit M, Hilscher M, et al. Under rovie:
59 60
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https://www.ncbi.nlm.nih.gov/pubmed/28785785
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Fontan and the Liver: Questions
* Risks for liver disease post Fontan (FALD)

* How do you assess fibrosis/cirrhosis
* How do you diagnose HCC
* Indications for liver transplantation

* Combined heart and liver transplantation versus
heart transplantation alone
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Fontan Associated Liver Disease: Indications
for Liver Transplantation

» Complications of portal hypertension/liver failure

* Hepatocellular carcinoma
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Fontan and the Liver: Questions
* Risks for liver disease post Fontan (FALD)

* How do you assess fibrosis/cirrhosis
* How do you diagnose HCC
¢ Indications for liver transplantation

* Combined heart and liver transplantation versus
heart transplantation alone

[
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Combined heart-liver transplantation versus
isolated heart transplantation in FALD

Survival Rates CHLT vs HT
After 2000 and FALD Score 22

5 L
Years Since Transplant
¥ v w0 s 4
—% w9 71 & s
-~ Moart Transptant Oy —— Combined Heart-Liver Transpant

e 3 o g ks o g, 4

[
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Lewis MJ, etal. J Am Coll Cardiol. 2023;81(2

Is the Liver Good for the Heart?

Liver Allograft Provides Immunoprotection for the
Cardiac Allograft in Combined Heart-Liver
Transplantation

Rejection: SLH < IHT

SHLT HT °

TCMR, n (%) 7(31.8) 189 (84.8)
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Fontan Associated Liver Disease: Indications

for Combined Heart and Liver Transplantation

« Liver transplant: for complications of portal
hypertension/Hepatocellular carcinoma

* [f there is an indication for liver transplantation, procedure
should always be accompanied by cardiac transplantation

« Highly sensitized candidates for heart transplant: lean
towards combined procedure

* Cirrhosis without complications and excellent liver function is
not necessarily an indication for combined liver - heart
transplantation

I ——

67

Fontan Associated Liver Disease: Take
Home Messages

» Hepatic fibrosis invariable after 10 years; cirrhosis 40% at 30 years

» Biopsy probably notf gold standard for diagnosis of cirrhosis given
patchy distribution of hepatic fibrosis

» HVPG, MRE, LSM threshold for development of complications
unknown. HVPG not useful measure to determine complication risk.

» Development of HCC in absence of traditional standards for diagnosis
of cirrhosis. Annual liver imaging > 10 years post Fontan

» Criteria for determining need for combined heart-liver transplant versus
heart transplant alone need to be developed.
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68

12



