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What is System in Body? 

Skeletal Muscular Digestive Endocrine Lymphatic 

Nervous Cardiovascular Urinary Male  
reproductive 

Female  
reproductive 

Respiratory 



Causes of systemic dysfunction in Fontan patients 

 Elevated systemic venous pressure 

 Persistent cyanosis 

 Chronic ventricular dysfunction and low cardiac output   

 Chronic inflammation 

 Remained diverse anatomical problems 

 Others !! 



(Cardiology in the Young 2010: 113-119) 



Hepatic dysfunction after Fontan Op. 

multiple 
Hypervascular  
liver nodules 

surface irregularity 

• 139 Fontan patients with cardiac CT who undergone Fontan  op. between 1986 and 2003 

• mean age : 19.0  6.3 years (range: 5 ~ 41.5) 

• mean elapsed time since Fontan operation : 11.5   4.7 years 

• 57 patients (41%) had hepatic complications : liver cirrhosis from CT (25.9%),  

                      thrombocytopenia (7.2%), hyperbilirubinaemia (20.9%), hepatic masses (2.9%) 

• In multivariate analysis, elapsed time since Fontan op. was the only parameter  

                      correlated with hepatic complications 
(Baek JS 2010 Heart) 



From CHOP 



Hepatic dysfunction after Fontan Op. 

 Cause 

  increased hepatic venous pressure : 3 ~ 4 times higher than normal 

 Manifestation 

  hepatic congestion, dilated bile ducts, hepatic fibrosis, hepatic 

cirrhosis, higher risk of hepatic neoplasm 

 F/U 

  Ultrasonography, MRI 

  alpha- FP check every 6 month if surface irregularity in USG 

 No definite Tx 

 Goal : decrease of hepatic vein pr. (decrease Pul. artery pr.) 

1. Enlargement or creation of Fontan fenestration 

2. Selective pulmonary vasodilator 



Dysfunction in Respiratory System 

 Plastic bronchitis 

 Pulmonary AV fistula 

 Aortopulmonary collaterals 

 Restrictive pattern of lung function 

 Others !! 



Plastic Bronchitis 

(Guimarães et al. 2010 Arq Bras Cardiol) 

• bronchial casts are formed within the airways 

    potential for obstruction and asphyxiation  

    dominant symptom : respiratory distress  can be fatal 

• casts : large, gelatinous, usually acellular, composed of mucin and fibrin  

• cause : similar to protein losing enteropathy 

                   edematous bronchial mucosa  and dilated lymphatics 

(GOO HW, 2008 Pediatr Radiol) 



Plastic Bronchitis - Treatment 

 Limited and no known optimal approach 

  Mucolytics : to decrease the viscosity of the mucin component 

 N-acetylcysteine, Dornase alfa 

 nebulized  7% hypertonic saline : hydrate smaller casts 

 Bronchoscopic removal and mechanical clearance 

 Improvement of hemodynamics  

  selective pul. vasodilator, Fontan pathway fenestration 

 Dissolve bronchial casts  

 Aerosolized tissue plasminogen activator, urokinase  

 Heart transplantation 



Pulmonary arteriovenous fistula 

(McElhinney DB et al. 2011 J Thorac Cardiovasc Surg) Hepatic vein 

IVC interruption with azygous continuation 

* Hepatic factor in hepatic venous flow (ex. Endothelin) 

    : role in the integrity of pulmonary vasculature          

∴ Cause of pul. AV fistula  

     : related to the diversion of hepatic venous flow away from the pulmonary circulation 

• predisposing factor: patients with IVC interruption and the polysplenia form of 
                                            heterotaxy syndrome 



Pulmonary AV fistula - treatment 

(McElhinney DB et al. 2011 J Thorac Cardiovasc Surg) 



Aortopulmonary collaterals 

 up to 80% of single-ventricle patients undergoing pre-Fontan cath.   

 hypoxia is a potent stimulus   

 No consensus for impact on the mid- to long-term course of SV patients 

  volume overloading to the single ventricle 

  increase of PA and systemic venous pressures 

  life-threatening hemoptysis !! 

(Lars Grosse-Wortmann et al. 2009 Circ Cardiovasc Imaging) (Stern HJ 2010 Pediatr Cardiol) 



 Risk for aortopulmonary collaterals 

 age at the time of the Fontan op. 

 previous right-sided modified BT shunt 



Aortopulmonary collaterals - treatment 

(Stern HJ 2010 Pediatr Cardiol) 
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Renal dysfunction after Fontan operation 

 Cause of renal dysfunction 

 drop in cardiac output and renal perfusion in failing Fontan  

 Persistent cyanosis  

 secondary erythrocytosis and blood hyperviscosity 

 provoke glomerular and tubular damage   

            * Age at the primary Fontan : significant predictor of renal function 

(Sammour F et al. 2009 Pediatr Cardiol) 

 25 pts after Fontan op.  (children’s hospital of Michigan) 

 Mean age : 15.2 ± 8.8 years 

 Time after Fontan op. : 11.4 ± 6.5 years 

  All showed normal eGFR 

  9 pts (43%) : pathologic urine microalbumin/creatinine ratio 

(Anne P et al. 2009 Int J Cardiol) 



Pregnancy in Fontan patients 
  38 female patients undergone Fontan palliation  

 Age : 18–45 years 

 Six women had 10 pregnancies 

  5 miscarriages (50%) , one aborted ectopic pregnancy 

  four live-birth pregnancies with significant complications 

 Primary amenorrhoea : 15 patients (40%) 

(Drenthen W et al. 2006 Heart) 

Pregnancy in the Fontan is inadvisable ??? 



Thank You for Attention ! 
Children’s Hospital 


