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Single Ventricle

• Broad category of hearts that lack two well-developed 

ventricles

• Functionally univentricular heart

• One of the most challenging congenital heart diseases





Classification of Single Ventricle

• Double inlet left ventricle

• Double inlet right ventricle

• Mitral atresia

• Tricuspid atresia

• Unbalanced atrioventricular canal defect

• Heterotaxia syndrome

• Other

Ann Thorac Surg 2000;69:S917-204



Univentricular Atrioventricular Connections

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



Double Inlet Ventricle

Cardiol Young 2006;16 Suppl 1:22-6



Double Inlet Ventricle

Cardiol Young 2006;16 Suppl 1:22-6



Double Inlet Left Ventricle (DILV)

• DILV, {S,L,L}

• DILV, {S,D,D}

• DILV, {S,D,N} (Holmes heart)

• DILV, DOLV

• DILV, DORV

• Atrial situs is usually solitus.

• Ventriculo-arterial connection is usually discordant.



Double Inlet Left Ventricle, {S,L,L}

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



3D Printed Model of DILV, {S,L,L}



Double Inlet Left Ventricle, {S,L,L}



Mitral Atresia

Cardiol Young 2006;16 Suppl 1:27-34



Tricuspid Atresia

Cardiol Young 2006;16 Suppl 1:27-34



Tricuspid Atresia



Classification of Tricuspid Atresia

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



Classification of Tricuspid Atresia

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



3D Printed Model of Tricuspid Atresia, Type 1b
S/P Bidirectional Cavopulmonary Anastomosis



Unbalanced Atrioventricular Canal Defect

Cardiol Young 2006;16 Suppl 3:43-51



Heterotaxia Syndrome
(Isomerism of the Atrial Appendages)

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



Congenital Heart Surgery Nomenclature 
and Database Project: Single Ventricle

Ann Thorac Surg 2000;69:S197-204



Segmental Combinations Producing a 
Univentricular Atrioventricular Connection

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



Normal Heart
A Serial Circuit

Cardiol Young 2003;13:316-22



Normal Heart

• Serial systemic and pulmonary circulations

• Different BP and O2 saturation in each part

• Cardiac output = Qp = Qs (Qp/Qs = 1)

BP: blood pressure

Qp: pulmonary blood flow

Qs: systemic blood flow



Single Ventricle
Parallel Circuits

Cardiol Young 2003;13:316-22



Parallel Circulations in Tricuspid Atresia

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



Hemodynamics 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.



Hemodynamics of Single Ventricle (2)

• Cardiac output = Qp + Qs

• 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).

Rp: pulmonary vascular resistance

Rs: systemic vascular resistance



O2 Saturation in Single Ventricle

Cardiol Young 2003;13:316-22



“Balanced” Single Ventricle

• Qp = Qs

• Needs natural obstruction to pulmonary blood flow

• Arterial O2 saturation of approximately 80%

• Volume overloaded (2 × normal cardiac output)



Clinical Presentaion

• Determined by Qp/Qs and associated cardiac lesions

• Cyanosis (inadequate Qp)

• Congestive heart failure (excessive Qp)

• Asymptomatic with mild cyanosis (Qp = Qs)



Goal of Surgery for Single Ventricle

• Separation of systemic and pulmonary circulations, 
with the single ventricle connected to the systemic 
circulation (creation of serial 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



Three-Stage Surgical Management     
of Single Ventricle

1. First-stage palliation

2. Bidirectional cavopulmonary anastomosis

3. Fontan operation



First-Stage Palliation

• Goals

 Balanced systemic and pulmonary blood flow (Qp/Qs = 1)

 Unobstructed mixing at the atrial level

 Unobstructed systemic cardiac output

• Performed during neonatal or early infantile period

• The choice of procedure is determined to achieve the 
above-mentioned goals.



Modified Blalock-Taussig Shunt

Ungerleider RM, et al. Critical Heart Disease in Infants and Children. 3rd ed.



Pulmonary Artery Banding

Mavroudis C, et al. Atlas of Pediatric Cardiac Surgery.



Pulmonary Artery Banding for {S,L,L} DILV



A Neonate with Mitral Atresia and DORV

Pre-PA banding
SpO2 around 95% at room air

Post-PA banding
SpO2 around 75% at room air



Tricuspid Atresia with a Restrictive ASD



Atrial Septectomy for Tricuspid Atresia with a Restrictive ASD



Bidirectional Cavopulmonary Anastomosis

• Goals (Benefits)

 Improvement in efficiency of gas exchange

 Reduction in volume overload of the single ventricle

• Diversion of SVC blood into the pulmonary arteries

• Usually performed at 3-6 months of age



Bidirectional Cavopulmonary Anastomosis

Kaiser LR, et al. Mastery of Cardiothoracic Surgery. 3rd ed.



Bidirectional Cavopulmonary Anastomosis



S/P Bidirectional Cavopulmonary Anastomosis



Fontan Operation

• Total cavopulmonary connection

• Separation of systemic and pulmonary circulations

• Usually performed at 2-3 years of age





Original Fontan Operation

Thorax 1971;26:240-8



With Professor Francis Fontan
3rd Scientific Meeting of the World Society for Pediatric and Congenital Heart Surgery

June 23-26, 2011, Istanbul, Turkey





Lateral Tunnel Fontan Operation

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



Extracardiac Conduit Fontan Operation

Kaiser LR, et al. Mastery of Cardiothoracic Surgery. 3rd ed.



Extracardiac Conduit Fontan Operation



S/P Extracardiac Conduit Fontan Operation



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 WU·m2

• Mean pulmonary artery pressure < 15-20 mmHg

• Ventricular end-diastolic pressure < 12-15 mmHg




