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We focus on the Fontan liver as a diseased organ

1. Substantial liver fibrosis is ubiquitous.
2. Decompensated cirrhosis is rare (e.g., encephalopathy).
3. There is modest correlation between the severity of 

hemodynamic abnormality and liver fibrosis.
4. Liver complications can be devastating (e.g., HCC) or 

otherwise clinically important (e.g., vasodilation, AVMs).
5. Some ‘liver issues’ (e.g., ascites) may or may not be 

related to liver fibrosis.



Pre-Case: Unintended consequences 

• 20-year-old man with a Fontan circulation 
presented to an ER c/o abdominal pain

• Based on abdominal CT, ER diagnosed end 
stage cirrhosis  referred to liver tx surgeon

• The pain, of course, was unrelated to the liver 
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Pre-Case: Unintended consequences 

• 20-year-old man with a Fontan circulation 
presented to an ER c/o abdominal pain

• Based on abdominal CT, ER diagnosed end 
stage cirrhosis  referred to liver tx surgeon

• The pain, of course, was unrelated to the liver 

• We met him in clinic 2 weeks later:
• Asymptomatic
• Assessment c/w expected Fontan; no liver 

mass or other complications
• In the interim, he had cancelled a trip to Disney 

World and dropped out of college

4



5

“Our group expert consensus found it reasonable to consider 
surveillance testing every 3 to 4 years in the child (<12 years 
of age) with Fontan circulation.”

Rychik J, Atz AM, Celermajer DS, Deal BJ, Gatzoulis MA, Gewillig MH, Hsia T-Y, Hsu DT, Kovacs AH, McCrindle BW, Newburger JW, Pike NA, Rodefeld M, Rosenthal DN, 
Schumacher KR, Marino BS, Stout K, Veldtman G, Younoszai AK, d’Udekem Y; Evaluation and management of the child and adult with Fontan circulation: a scientific statement 
from the American Heart Association. Circulation. 2019;140:e234–e284. 

Reasons for imaging include: 

• Hepatocellular carcinoma (HCC)

• “Cirrhosis”?

• Architecture

• Stiffness

• Other prognostic factors (e.g., size, splenomegaly, ascites, 

portosystemic collateral vessels)



Case 1

• 18-year-old young man with hypoplastic left heart syndrome.
• 2 days: Norwood procedure
• 6 months: Bidirectional Glenn
• 3 years: Extracardiac fenestrated Fontan (20 mm Gore-Tex conduit)

• His only medication is a baby aspirin.

• He is asymptomatic (albeit sedentary).

• His mother refers to him as “The poster child of success for HLHS.”

• There has been no prior liver evaluation.
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Echo-
cardiogram

7



Cardio-
pulmonary 
exercise 
testing
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Cycle ergometer, ramp protocol.

Peak work rate 179 watts

Peak VO2 26 mL/kg/min

65% predicted

Peak heart rate 175 beats / minute

Peak O2 pulse 14 mL/beat

74% predicted
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Cardiac 
MRI
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Generally reassuring:

RV end-diastolic volume  116 mL/m2

RV end-systolic volume  62 mL/m2

RV ejection fraction  47%

Susceptibility artifact limited evaluation of 
the Fontan pathway and pulmonary arteries. 



Laboratory 
testing
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AST 34
ALT 32
Alk Phos 124
Total Bili 1.0
Direct Bili 0.4
Albumin 4.9

INR   1.3
PT     13.5
PTT   31.8



Liver MRI (2018)
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4.9 kPa
Liver MRI (2018)
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Liver MRI (2018)
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Liver MRI (2018)



Other 
information
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•No heart catheterization since 
Fontan

•No prior liver biopsy



Heart 
Catheterization
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Heart 
Catheterization
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Liver MRI (2019)
3.4 kPa (was 4.9 kPa)



21

Ultrasound
Shear Wave Elastography

Magnetic Resonance 
Elastography

What does it 
measure?

SHEAR WAVE SPEED (m/s)

Often converted to YOUNG’S MODULUS
(SWS2 x 3, if tissue density = 1; also kPa)

Reported by transient elastography 
(Fibroscan)

SHEAR MODULUS (Stiffness) 
(kPa)

Availability +++ +

Reproducibility More variability Good reproducibility / 
repeatability

More standardized across 
vendors
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How Reliable is MRE?
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How small of a 
difference 
between tests is 
likely to indicate 
a true change?



Case 1 Summary
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• Liver stiffness is a function of liver histology 
(e.g., fibrosis) + congestion.

• A finding of elevated stiffness raised suspicion 
for Fontan pathway obstruction, in the context 
of limited cardiovascular imaging.

• Alleviating Fontan pathway impedance to flow 
may facilitate hepatic decongestion, and 
thereby delay progression of liver disease.



Case 2

• 13-year-old girl with DILV + left AVV 
atresia, s/p 20 mm extracardiac 
fenestrated Fontan

• H/o protein losing enteropathy
• Resolved after surgical 

enlargement of restrictive ASD

• Normal ventricular function and 
excellent hemodynamics

• First liver imaging at age 13 years
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26(2) 1 cm lesions – appear different

Liver MRI

13 191614 15 17 18

Liver MRI (baseline)

Age
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Liver MRI (7 months later)

Liver MRI Liver MRI

13 191614 15 17 18

Lesions larger (1.5 cm)

Age



28Liver Biopsy (age 16)

Liver 
biopsy

Liver MRILiver MRI Liver MRI

13 191614 15 17 18Age



29Liver MRI (age 17) New 1.5 cm lesion, old lesion growing

Liver 
biopsy

Liver MRILiver MRI Liver MRI

13 191614 15 17 18

Liver MRI Liver MRI



30Liver Ablation (age 17)

Liver 
biopsy

Liver MRILiver MRI Liver MRI

13 191614 15 17 18

Liver MRI Liver MRI

Liver 
biopsy

Liver 
Ablation

Age



31Liver MRI Post-Ablation

Liver 
biopsy

Liver MRILiver MRI Liver MRI

13 191614 15 17 18

Liver MRI Liver MRI

Liver 
biopsy

Liver 
Ablation

Liver MRI

Age
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Percutaneous Options for 
Liver Ablation
• Cryoablation (cold)

• Radiofrequency (heat)

• Microwave (heat)
Increasingly preferred in adults

Shorter ablation time, higher 
temperature

Larger ablation zone than RFA

No heatsink issues



Combined heart liver transplant

Transplant evaluation initiated
Listed ~ 5 months later
Transplanted ~ 2 years after evaluation
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Liver 
biopsy

Liver MRILiver MRI Liver MRI

13 191614 15 17 18

Liver MRI Liver MRI

Liver 
biopsy

Liver 
Ablation

Txp eval

Heart 
liver txp



Case Summary
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Serial imaging, preferably with MRI, is essential to evaluate 
changes in liver lesions and determine timing for biopsy.

Extended transplant wait times emphasize the importance of 
early detection and temporizing treatment.

Combined heart and liver transplant is the only curative 
option for some individuals.
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Liver assessment provides not only insight 
into liver disease, but also a noninvasive 
window into Fontan hemodynamic status.

HCC screening is an integral part of Fontan 
care. There is little evidence for benefit 
from other liver evaluation (e.g., biopsy).

The path from HCC diagnosis to 
transplant may not be straightforward.

Take Home 
Thoughts
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