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Five Decades of the Fontan Procedure

Kverneland et al. Congenital Heart Disease. 2018;1–13

Early Mortality Long Term Survival



Contemporary Outcomes in Fontan Survivors: Pediatric 
Heart Network Fontan Longitudinal Study 2003-2014
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Predictors of Death/Transplant: PHN Longitudinal Study

Atz et al. J Am Coll Cardiol 2017;69:2735–44



Late Morbidities In Patients Following the Fontan

• Thromboembolic 

Disease

• Extracardiac organ 

dysfunction

• Kidney

• Neurologic

• Liver

• Arrhythmias/Sudden Death

• Decreased ejection fraction

• Exercise intolerance and 

fatigue

• Venous congestion

• Poor growth

• Preserved ejection fraction

• Venous congestion

• PLE/Plastic Bronchitis

• Ascites
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Long-term outcomes after first-onset arrhythmia in 
Fontan physiology

Carins et al. J Thorac Cardiovasc Surg. 2016. 152: 5 1355



2017: Metanalysis of Outcomes of Fontan Conversion

Indications
• Atrial tachyarrhythmia
• APC Fontan
• Younger age
Contraindications
• Older age > 27 years
• Atrioventricular valve 

regurgitation
• Protein losing enteropathy
• Severe ventricular dysfunction
• Male gender
• Peak VO2 ≤ 14 ml/kg/m2

Brida et al. International Journal of Cardiology 236 (2017) 132–137

STS, ECHSA 

Early Mortality 10% 



Outcomes of Fontan patients Referred for Transplant
Decreased (n=18/34) vs. Normal (n=16/34) EF

Griffiths et al.  Ann Thorac Surg. 2009 August ; 88(2): 558–564



Diffrence in One Year Survival After Transplant Evaluation 
by Ejection Fraction

Griffiths et al.  Ann Thorac Surg. 2009 August ; 88(2): 558–564

87% (Decreased EF)

55% (Normal EF)



Fontan Liver Disease: Japanese Survey

• Survey 2008-2009

• 75 centers, 2,700 

patients

• 1.15% prevalence

– Liver cirrhosis (LC) 12

– Hepatocellular          
Carcinoma (HCC) 2

– LC + HCC 3

Kuwabara et al. Circ J. advanced pub by J-stage 
released on line Feb.14.2018



WHO SHOULD BE 
TRANSPLANTED AND 

WHEN?



Heart Transplant for Congenital Heart Disease

First human heart transplant in the 
USA
• Dec. 7, 1967
• 3 days after Dr. Christiaan 

Barnard transplanted adult patient 
in South Africa

• 19 day old with Tricuspid Atresia
• Baby died suddenly within 6 ½ 

hours



Post-Transplant Survival 1990-2002: Fontan vs. Other CHD

85%

70%

Lamour et al J Am Coll Cardiol 2009;54:160–5



Early and Late Risk Factors: Transplant for CHD 1990-2002

Lamour et al J Am Coll Cardiol 2009;54:160–5



Ann Thorac Surg 2017;103:1315–21



Improved Post-Transplant Survival: 2007-2014 

Simpson et al. Ann Thorac Surg 2017;103:1315–21



Am J Cardiol 2017;119:1675e 1679

• Systemic EF < 20%

• AV valve regurg ≥ moderate

• Fontan pressure > 16 mmHg

• Renal replacement therapy

• ECMO

• MELD XI excluding INR

Score 0-1

Score 2-5

Score >5



US Organ Allocation Changes: Patients ≥ 18 years
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Who Should Be Transplanted?
• Heterotaxy, unbalanced AV canal, pulmonary stenosis
• Bidirectional Glenn (4 years), EC Fontan completion (9 years)

• Ages 9-21 years: graduated high school, travelled the world, graduated 
college, worked as LPN

– Ventricular function mildly depressed
– Intermittent nonsustained atrial tachycardia @125-130, (5-10 min, 3/wk)

• Age 22 years: starting nursing school
– IVC narrowed on echo, Stent IVC (IVC mean 12, PA mean 10 mmHg)

– Liver fibroscan score 15, ultrasound normal
• 23 years: Graduating from nursing school this summer. Complaints of 

tachycardia, dizziness
– IART and atrial tachycardia up to 180 bpm

– Liver fibroscan score 25



Transplant vs Management of Fontan Morbidities?

• Pro-Transplant

– Survival one year 90-95%, 10 year survival 70-80%

– Ongoing risk progressive liver dysfunction would preclude 
transplant 

– Risk of recurrent arrhythmias, ventricular dysfunction, PLE

– Timing: graduating school, parental insurance

• Pro- Continued management of Fontan

– One year mortality 5-10%, Ten-year mortality 20-30%

– Have not tried pulmonary vasodilators, stent redilation, arrhythmia 
management

– Risk of post-transplant morbidities



TRANSPLANT: THE FOURTH STAGE

LIVING WITH A SINGLE VENTRICLE

Stage 1: Balance pulmonary and systemic blood flow

Stage 2: Decrease volume load on heart

Stage 3: Improve oxygen delivery

Stage 4: Prevent morbidity from Fontan physiology

Stage 5: Prevent morbidity from transplant

?
Artificial Heart
Xenotransplant
Bioreplacement



Transplant can work for some 
but is not for all and is not a 

cure…
and 

has a greater chance of 
success if offered earlier 
before patients develop 

significant morbidities from 
the Fontan


