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A conservative estimate of the number of adult patients with congenital heart 
disease in the United States was 787,800 in the year 2000; approximately 117,000 of 
which have truly complex disease 1. Data from Quebec indicates that 49% of those alive 
in 2000 with severe congenital heart disease were adults 2.  Management of these patients 
has been extensively addressed in a 5 part Task Force statement from the American 
College of Cardiology 1 3 4 5 6. Similar consensus documents have recently been 
generated by the Canadian Society of Cardiology 7 8 9 and the European Society of 
Cardiology 10.  

The issues which must be evaluated in all adult patients with congenital heart 
disease can be rightfully be characterized as residua (lesions for the most part 
intentionally left behind at the time of reparative surgery) or sequalae (necessary 
consequences of reparative operations or the natural history of the lesions) 11. These will 
be discussed in detail. 

Arrhythmias are common in these patients and have been recently reviewed 
extensively 12. 

 
 

Several lesions deserve particular attention as they are commonly encountered 
and are subject to a number of misconceptions: 
Tetralogy of Fallot (TOF) 

It is becoming increasing clear that the presence of pulmonary insufficiency 
resulting from trans-annular patch repair of TOF results in more long-term morbidity and 
mortality than previously appreciated 13 14 15. The pathophysiology is strikingly similar to 
that seen in chronic AI. Pulmonary valve replacement (surgical or percutanous) may be 
necessary in certain subsets of these patients. 
Arterial Switch Procedure (ASO) for D-TGA 
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This is a subset of patients with congenital heart disease is generally considered to 
be “cured”. Recent evidence demonstrates that these patients may have stress-induced 
perfusion defects and attenuated coronary blood flow reserve 16 perhaps related to 
sympathetic denervation 17. 
Fontan Physiology 

The essential function of the RV is not only to provide pulsatile flow through the 
pulmonary arterial system but to maintain a low pressure in the highly compliant 
systemic venous system, particularly the splanchnic bed 18. A single ventricle is capable 
of pumping through both the systemic and pulmonary circulations arranged in series. 
However, the lack of an RV reservoir requires that systemic venous pressure be elevated, 
as there is, in essence, a continuous column of blood from the aorta to the systemic 
capillaries, systemic veins, pulmonary capillaries, and finally the pulmonary veins. 
Normally 70% of the total blood volume is contained on the venous side of the 
circulation with the venous circulation having a capacitance 19 times that of the arterial 
circulation. Fontan patients adapt to reduce venous capacitance (reduce unstressed 
volume) so that elevated systemic venous pressure can be maintained with a normal 
systemic venous volume (increased stressed volume). This makes them particularly 
vulnerable to stimuli that reduce stressed volume such as increased venous capacitance 
(loss of muscle tone, venodilation from any source) and reductions in vascular volume 
(blood loss or dehydration). Figure 1. 

Pulmonary blood flow in the Fontan circulation is NOT “passive”. This common 
misconception inhibits the ability to fully understand Fontan physiology. Pulmonary 
blood flow in Fontan circulation is non-pulsatile, continuous flow; the systemic ventricle 
provides the driving energy for this flow.  The Fontan circulation places the systemic and 
pulmonary vascular resistances in series with the systemic ventricle. Figures 2 and 3. 
Unfortunately, non-pulsatile pulmonary blood flow increases PVR by approximately 
100% over than seen with pulsatile flow. Approximately 1/3 of the pulsatile energy 
generated by the RV is absorbed by the proximal pulmonary arterial system and 
redistributed in diastole to maintain recruitment of distal pulmonary vasculature. Loss of 
recruitment of distal pulmonary vasculature effectively reduces the area of the pulmonary 
vascular bed. This PVR increase is further exacerbated by the reduction in endothelial 
release of NO which accompanies long-term loss of pulsatile pulmonary blood flow 19. In 
addition, in the absence of pulsatility the total hydraulic power (mean + pulsatile flow) is 
converted into a pure pressure gradient, increasing the energy necessary for transmission 
of blood through the pulmonary circulation 20. The end result is an increase in the 
afterload on the single ventricle and an reduction in ventricular efficiency 21 22 23. This 
makes Fontan patients vulnerable to further increases in afterload (PVR or SVR) and to 
reductions in contractility.  

Positive pressure ventilation in Fontan patients is generally considered to be 
detrimental. The presumptive mechanism is the mechanical impediment of pulmonary 
blood flow with reduced delivery of blood to the systemic ventricle (reduced preload). 
Mechanical ventilation with reduced tidal volumes and low mean airway pressure may 
not be as detrimental to cardiac output in these patients as the factors generally associated 
with intubation and ventilation, specifically anesthesia/sedation (reduction of sympathetic 
output) and muscle relaxation (loss of muscular tone contribution to venous tone).  
Management of Fontan patients is further complicated by global impairment of cardiac 
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autonomic nervous activity with reduced heart rate variability and baroreceptor 
sensitivity 24. 
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Figure 1. Elastic systemic illustrating the concepts of unstressed and stressed veins. 
Theunstressed volume is the volume necessary to fill the vessel to the point just below 
where intraluminal pressure is created. Unstressed volume does not generate a driving 
pressure in the circulation. Additional volume will create an intraluminal pressure; this is 
stressed volume. Unstressed volume can be reduced by reducing the size of the vessel 
(vasoconstriction) or increased by increasing the size of the vessel (vasodilatation). 
Stressed volume is the driving pressure in the circulation. Larger increases in pressure 
can be obtained for a given stressed volume by reducing vessel compliance. 
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Figure 2. Hydraulic circulation model. Normal series circulation is modeled with both 
pumps functioning and clamp B applied. Fontan physiology is modeled with the RV 
pump off and clamp B open. There is nothing “passive” about pulmonary blood flow. 
RS= systemic vascular resistance, RP= pulmonary vascular resistance, CAP= pulmonary 
arterial capacitance, CVP= pulmonary venous capacitance, CVS= systemic venous 
capacitance, CAS= systemic arterial capacitance 
 
 
 
 
 
 
 
 
 
 

 6



 
Figure 3. Acute transition from normal circulation to Fontan circulation using the model 
in Figure 2. At the arrow the RV pump is shunt down and the clamp B is removed (RV 
failure). Increased LV contractility and volume infusion are seen to correct the decreases 
in cardiac output and systemic blood pressure (PAS). PVS= systemic venous pressure, PVP= 
pulmonary venous pressure 
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