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Terminology 

• Single ventricle 

• Functionally univentricular heart 

 

• Broad category of hearts that lack two well 
developed ventricles 





Congenital Heart Surgery Nomenclature 
and Database Project: Single Ventricle 

• Double inlet left ventricle (DILV) 

• Double inlet right ventricle (DIRV) 

• Mitral atresia 

• Tricuspid atresia 

• Unbalanced AV canal defect 

• Heterotaxia syndrome 

• Other 

Ann Thorac Surg 2000;69:S197-204 



Double Inlet Ventricle 

Cardiol Young 2006;16 Suppl 1:22-6 



Double Inlet Ventricle 
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Double Inlet Ventricle 

Cardiol Young 2006;16 Suppl 1:22-6 



Mitral Atresia 

Cardiol Young 2006;16 Suppl 1:27-34 



Tricuspid Atresia 

Cardiol Young 2006;16 Suppl 1:27-34 



Unbalanced AV Canal Defect 

Cardiol Young 2006;16 Suppl 3:43-51 



Isomerism 

Anderson RH, et al. Paediatric Cardiology. 3rd ed. 



Usual Body Arrangement                   
and Its Mirror Image  

Anderson RH, et al. Paediatric Cardiology. 3rd ed. 



Heterotaxia Syndrome 
(Isomerism of the Atrial Appendages) 

Anderson RH, et al. Paediatric Cardiology. 3rd ed. 



Ann Thorac Surg 2000;69:S197-204 

Congenital Heart Surgery Nomenclature 
and Database Project: Single Ventricle 



Univentricular Atrioventricular Connections 

Anderson RH, et al. Paediatric Cardiology. 3rd ed. 



Circulatory System vs Electrical Circuit 

 

• BP = Q × R 

 

• V = I × R 



Normal Heart 

Cardiol Young 2003;13:316-22 



Normal Heart 

• Serial systemic and pulmonary circulations 

 

• Different BP and O2 saturation in each part 

 

• CO = Qp = Qs (Qp/Qs = 1) 



Single Ventricle 

Cardiol Young 2003;13:316-22 



Single Ventricle 

Cardiol Young 2003;13:316-22 



Pathophysiology of Single Ventricle (1) 

• Parallel systemic and pulmonary circulations 
 

• BP in each part of the circulation is the same, if 
there is no obstruction to systemic and 
pulmonary outflow. 
 

• O2 saturation is the same in the aorta and the 
pulmonary arteries, if complete mixing of 
desaturated and saturated blood occurs within 
the single ventricle. 



Pathophysiology of Single Ventricle (2) 

• CO = Qp + Qs 
 

• Because of the different vascular resistance in 
each component, flows are different. 
 

• Qp/Qs = (BP/Rp)/(BP/Rs) = Rs/Rp 
 

• Arterial O2 saturation is determined by the ratio 
between the pulmonary blood flow and the 
systemic blood flow (Qp/Qs). 
 



O2 Saturation in Single Ventricle 

Cardiol Young 2003;13:316-22 



“Balanced” Single Ventricle 

• Qp = Qs 

 

• Natural obstruction to pulmonary blood flow 

 

• Arterial O2 saturation of approximately 80% 

 

• Volume overloaded (double the normal CO) 



Manipulation of Pulmonary Vascular Resistance 

Cardiol Young 2003;13:316-22 



Clinical Presentaion 

• Determined by Qp/Qs and the associated 
cardiac lesions 

 

• Cyanosis 

 

• Congestive heart faiure 

 

 



Ultimate Goal of Surgery 

• Separation of systemic and pulmonary circulations, 
with the single ventricle connected to the systemic 
circulation (creation of in-series systemic and 
pulmonary circulations) 

 

• Best achieved by optimizing compliance of the single 
ventricle as well as by minimizing the total resistance 
between the systemic veins and the ventricular 
chamber 



Fontan Operation 

• Final palliative surgery for single ventricle 

 

• Total cavopulmonary connection 

 

• Staged interventions are necessary to prepare 
for the successful Fontan operation. 



Three-Stage Surgical Management 

1. 1st stage palliation 

2. Bidirectional cavopulmonary connection 

3. Fontan operation 



1st Stage Palliation 

• Goal: balancing systemic and pulmonary blood 
flow (Qp/Qs = 1) 

 

• Usually performed during neonatal or early 
infantile period 

 

• The choice of procedure is determined by the 
amount of pulmonary blood flow and 
presence of systemic outflow obstruction. 



1st Stage Palliations for                 
Inadequate Pulmonary Blood Flow 

• Pulmonary outflow obstruction                                    
→ Systemic-to-pulmonary arterial shunt  

 

• Obstructed TAPVC                                                           
→ TAPVC repair 

 

• Restrictive ASD                                                                 
→ Atrial septectomy or balloon septostomy 



Mavroudis C, et al. Pediatric Cardiac Surgery. 4th ed. 

Modified Blalock-Taussig Shunt 



1st Stage Palliation for               
Excessive Pulmonary Blood Flow 

 

• No pulmonary outflow obstruction                  
→ Pulmonary artery banding 



Mavroudis C, et al. Pediatric Cardiac Surgery. 4th ed. 

Pulmonary Artery Banding 



1st Stage Palliations for                
Systemic Outflow Obstruction 

 

• Aortic and subaortic obstruction                      
→ Norwood or Damus-Kaye-Stansel procedure 



Mavroudis C, et al. Pediatric Cardiac Surgery. 4th ed. 

Norwood Procedure 



Jonas RA. Comprehensive Surgical Management of Congenital Heart Disease. 2nd ed. 

Damus-Kaye-Stansel Procedure 



Bidirectional Cavopulmonary Connection 

• Also referred to as “bidirectional Glenn” 

 

• 2nd stage palliation 

 

• Usually performed at 3-6 months of age 



Selke FW, et al. Sabiston & Spencer Surgery of the Chest. 9th ed. 

Bidirectional Cavopulmonary Connection 



Advantages of BCPC 

• More desaturated blood (systemic venous rather 
than arterial) is shunted to the lungs, with 
therefore a much greater efficacy on increments 
of arterial oxygen saturation. 

 

• Diversion of approximately one-third of the 
systemic venous return to the lungs reduces the 
volume load on the heart, whereas an arterial 
shunt constitutes an additional ventricular 
volume and workload. 



Fontan Operation 

• 3rd stage (final) palliation 

 

• Complete separation of systemic and 
pulmonary circulations 

 

• Usually performed at 2-3 years of age 



Original Fontan Operation 

Thorax 1971;26:240-8 



Kreutzer’s Atriopulmonary Connection 

J Thorac Cardiovasc Surg 1973;66:613-21 



Complications of AP Fontan 

• Exposure of the RA to the high pressure of the 
Fontan circuit → huge dilatation of RA 

 

• Supraventricular tachycardia 

• Pulmonary venous obstruction 

• Atrial thrombi 



Lateral Tunnel Fontan 

Kouchoukos NT, et al. Kirklin/Barratt-Boyes Cardiac Surgery. 4th ed. 



Extracardiac Conduit Fontan 

Stark JF, et al. Surgery for Congenital Heart Defects. 3rd ed. 



Jonas RA. Comprehensive Surgical Management of Congenital Heart Disease. 2nd ed. 

Extracardiac Conduit vs Lateral Tunnel Fontan 



Selke FW, et al. Sabiston & Spencer Surgery of the Chest. 9th ed. 





Selection Criteria for Fontan Operation 

• The pulmonary vasculature and ventricular function 
remains the most important selection criteria for 
successful outcome after the Fontan operation. 

 

• Pulmonary vascular resistance: < 4 U/m2 

• Mean pulmonary artery pressure: < 15 mm Hg 

• Ventricular end-diastolic pressure: < 10-12 mmHg 

 



Issues After Fontan Operation 

• Atrial arrhythmias 

• Venovenous collaterals 

• Pulmonary arteriovenous fistulas 

• Thromboembolism 

• Protein-losing enteropathy 

• Plastic bronchitis 

• Fontan failure 



Management of Failing Fontan 

• Fontan conversion 

• Heart transplantation 

• Mechanical circulatory support 



J Am Coll Cardiol 2015;66:1700-10 
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