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 Long term survival 

 Cardiac Functional Outcome 

 Arrhythmia  

 Cardiopuplmonary Exercise Capacity 

 Neurodevelopmental outcome 

 Protein losing enteropathy 

 Thromboembolism 
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 261 Patients born in 1985 or earlier with Fontan (Boston Children) 

 First Fontan surgery at Median age of 7.9 year 

 Mode of Fontan : AP 51% / RA-RV 9.6% / TCPC 38.7% 

 PeriOP mortality account for 68.4% of all death  
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Cumulative hazard by mode 
of death. 

Death from 3 common 
cause 

 Thromboembolism(91% at 25y) 

• Median 24.9yr 

• 8.7yr after Fontan 

 Heart failure(96% at 25y) 

• Median 22.9yr 

• 11.9yr after Fontan 

 Sudden death(96.3% at 25yr) 

• Median 20.2yr 

• 2.9 after Fontan  
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• The leading cause of death - periOP, particularly in earlier 

era. The gradual attrition, thereafter, predominantly from 3 

common causes 

• Actual freedom from all-cause death or transplantation 70% 

at 25years 

• The Incidence of Sudden death - 0.15%/yr, with most events 

of presumed arrhythmia origin 

Paul Khairy. Circulation. 2008 



Study Design and Sample Cardiac Anatomic Dx  

 Recruited subject : 6-18 year 

 Enrollment : 2003-2004 

   546/644 eligible /total 1,078 

from 7 center in US & Canada 

 Similar Age, time since Fontan 

procedure, & functional health 

status score 
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 Overall prevalence of IART was lower in this cohort 

(7.3%) than previously reported(16-22%).  

 Lower functional status, an AP connection, and 

paced rhythm were determined to be 

independently associated with development of IART 

after Fontan 

 Cardiac anatomy and resting HR, not asso with 

IART 
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 Spirometry at least twice 

with median age  14(7-43) 

 Median time interval of 

4.6(1.1-10.4) years 

between early and late 

testing  
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Ovroutski, et al. European Journal of Cardio-
thoracic Surgery, 2010 



  

2011-12-03 Long Term Outcome after Fontan  19 

Ovroutski, et al. European Journal of Cardio-thoracic Surgery, 2010 
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Wernovsky, et al 
Boston/philadephia, 2000  

Goldberg, et al. Michigan, 
2000 

 133 Fontan 

 Mean full scale IQ lower 

than normal (95.7±17.4,86) 

 7.8%(18), below the 

threshold for mental 

retardation  

 Independent variable – 

HLHS  

 No significant depression in 

IQ in Fontan including HLHS 

 HLHS( 93.8±7.3) significant 

lower scores than non-

HLHS( 107.0±7.0) 
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 Low-flow state, hypercoagulable state, atrial arrhythmia, 

suture line, scarring, clotting factor loss 

 High as 20-30%, TTE, 592 Fontan 

 Freedom from thrombus 92% at 1year, 90% at 3year, 

82% at 10year 

 No difference in AP & lateral, fenestration or not. 

 Not clear how to screen, prevention of thromboembolic 

phenomenon.  
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 Devastating Complication, respond poorly to present treatment 

protocol. 

 Prevalence of 2.5-24% with post onset 5-year survival rate of 

approximately 46-59% 

 Risk factors for development of PLE 

• High systemic venous pressure(?) 

• RV anatomy (?) Powel et al. 416 Fontan, Op 1973-91) 

• Postop(Longer CP bypass time, prolonged CT drainage, ICU stay, 

PO renal failure) 

• Preop(low pulmonary vascular compliance) 
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 Gradual attrition occurs predominantly from 

thromboembolic, HF-related and sudden death. 

 Ventricular systolic function and functional health 

status were within normal range in the majority 

of subjects. 

 Ventricular function and valvular function were 

negatively associated with RV morphology.  
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 Continued follow-up of Fontan subjects will 

determine whether functional health status is 

eventually related to measures of ventricular 

diastolic function.  

 Effective strategies to preserve ventricular and 

valvular function, particularly for patients with RV 

morphology, are needed. 
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