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I. What is single ventricle physiology?  What are general attributes of how the blood should go around?

The term “single ventricle physiology” refers to the condition of having a single or common ventricle act as the main source of both systemic blood flow and pulmonary blood flow.  The result is complete intracardiac mixing of oxygenated and deoxygenated blood, which in turn leads to lower SpO2, generally ranging in the 70s to 80s.  As blood leaves the heart, the circulation splits toward the lungs and tissues in parallel fashion, hence parallel circulation.
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This creates a delicate balance between blood going to the lungs and blood going to the tissues.  Cardiologists naturally communicate this relationship in terms of pulmonary blood flow in relationship to systemic blood flow.  Ideally single ventricle circulation is balanced, meaning that pulmonary blood flow and systemic blood flow ratio is equal or nearly equal to 1.  Otherwise one of two situations occur:

1) If pulmonary blood flow >systemic blood flow  Pulmonary over-circulation, pulmonary edema, respiratory distress, systemic steal, shock
2) If pulmonary blood flow < systemic blood flow  Pulmonary under-circulation, hypoxemia

II. What are examples of single ventricle circulation?
A.[image: ]		B.[image: ]	C.[image: ]
(A) Hypoplastic left heart syndrome (HLHS), (B) Tricuspid atresia with VSD, (C) Situs inversus with absent ventricular septum

We only show 3 examples but the reality is that single ventricle physiology manifests in a countless number of cardiac anatomies.  Regardless of the lesion, the physiology is generally the same with respect complete intracardiac mixing and parallel circulation as described above.





III. What are the stages of single ventricle palliation and the rationale for doing them?

Stage 1
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Depending on the surgery, cardiologists refer to this stage as “the Norwood” (A), “Norwood-Sano” (B), or “Hybrid” procedure (C).  Common therapeutic goals of this operation include:
· Ensuring unobstructed blood flow to the systemic circulation via aortic arch reconstruction or PDA stent
· Ensuring unobstructed interatrial communication via atrial septectomy
· Creating a more reliable, controlled source of pulmonary blood flow via BT shunt or RV-PA conduit

Stage 2 : Bidirectional Glenn
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This procedure replaces the tenuous shunt with a larger, more stable superior vena cava-to-pulmonary arterial anastomosis and eliminates excessive volume load on the ventricle.

Stage 3: Fontan
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This operation effectively septates the heart by rerouting all remaining deoxygenated blood from the inferior vena cava to the pulmonary artery.  The result is that nearly all blood returning to the heart is oxygenated by way of the pulmonary veins.  And the patient’s peripheral oxygen saturations are nearly normal.

III.  What is the anticipated course of patients with single ventricle physiology following stage 1 palliation (assuming we do everything right)?  What do we do to set these patients up for success?

In the period between stage 1 and stage 2 palliation, single ventricle patients are at significant risk for acute hemodynamic decompensation and subsequently, death.  In fact, interstage mortality has been reported in the literature at rates of 2% to 16%. Recognizing this very fragile physiology, many heart centers including LPCH employ a home monitoring program (HMP) for additional surveillance.  

Prior to discharge, families receive extensive instruction on SpO2 monitoring, nutritional fortification (goal 150 kcal/kg/day), and nutritional delivery (PO, gavage, or both).  Following discharge, an HMP nurse practitioner performs a phone follow-up at least weekly.  Any concerns raised will prompt actions ranging from additional phone follow-up (in the next 48 hours) to arranging urgent cardiology evaluation in the emergency department.

Following discharge after stage 1 palliation, we expect our patients to:
· Tolerate enteral feeding and consistently gain weight (at least 20 grams every 3 days) on fortified nutrition (28 kcal/oz) +/- medium-chain triglyceride (MCT) oil
· Maintain normal oxygen saturations (SpO2 > 75%)
· Take their medications (diuretics, aspirin) without issue
· Stay up-to-date on immunization including Synagis

IV. What are red flags in a single ventricle patient during the interstage period? 

In general, any deviation from the anticipated course should prompt us to think that there is a serious physiologic disturbance that will lead to clinical decompensation if ignored.  The red flags are:

0. Unable to meet goal volume for 24 hours
0. Unable to attain goal feeds to grow for ≥ 3 days
0. Does not gain .02 Kg (20 grams) over a 3 day span
0. Loses 0.03 kg (30 grams) or more over a 2-3 day span
0. If oxygen saturations change:  
4. Drop consistently below 75% 
4. Increase suddenly >90% 
0. Child is breathing harder, faster or fussy beyond their baseline


References: 
Our team has collected a group of references for continued education that you will find useful in the care of single ventricles. The first five are included in this packet for convenience.  Additional references have been included for further reading. 

Home monitoring program reduces interstage mortality after the modified Norwood procedure. Siehr, et al. The Journal of Thoracic and Cardiovascular Surgery. 2014; 147:718-23. 

	Summary: The home monitoring program has improved outcomes of single ventricle patients, 
	decreasing interstage (Norwood to Glenn surgical intervention) mortality from 7% to 0%. 

Primary and General Care of the Child with Congenital Heart Disease. Gail E. Wright and Albert P Rocchini. ACC Current Journal Review Mar/Apr 2002. 

	Summary: Resource for care of children with congenital heart disease including growth issues, 		consideration of vaccine administration, associated syndromes and SBE prophylaxis resources, 
	school and activity issues. 


Variation in Growth of Infants with a Single Ventricle. Anderson et al. The Journal of Pediatrics. 2012; 161: 16-21. 

Summary: A wide variation in interstage growth exists and with standardized nutritional management, growth may be improved in the single ventricle population. Centers that closely monitored specific weight gain or loss and red flags in interstage period had improved patient growth. 


Identified mortality risk factors associated with presentation, initial hospitalization and interstage period for the Norwood operation in a multi-centre registry: a report from the National Pediatric Cardiology-Quality Improvement Collaborative. Cross et al. Cardiology in the Young. 2014, 24, 254-262. 

	Summary: Excellent resource for risk factors in the interstage period. Independent risk factors of 
	interstage mortality are: hypoplastic left heart syndrome (mitral atresia or mitral stenosis and 
	aortic atresia), anti-seizure medications at discharge, earlier gestational age, nasogastric or 
	nasojejunal feeding, unscheduled readmissions.


Neurodevelopment and quality of life for children with hypoplastic left heart syndrome: current knowns and unknowns. Goldberg et al. Cardiology in the Young. 2011. 21, 88-92. 

	Summary: Children with hypoplastic left heart syndrome are at risk for both adverse 
	neurodevelopmental and behavioural outcomes, decreased functional status and quality of life 
	outcomes. 


Neurodevelopmental Outcomes in Children With Congenital Heart Disease: Evaluation and Management: A Scientific Statement From the American Heart Association
Marino et al. Circulation. 2012.  

	Summary: Excellent and complete reference for all congenital heart disease and 
	neurodevelopmental outcomes.  

image1.emf
Series Circulation

PAQ, PAQ,
L

lungs— Spv0, = Sa0,
Qp T 1 Qs

SV0, ¢ ¢ « ¢« tissue

Parallel Circulation

PAO,
U
Spv0, <« « lungs
Q J T Qp
(mixing)—> Sa0, —(splitting)
Q T d Qs

Sv0, « « « tissue










image2.emf










image3.png




image4.png




image5.emf
A BT Shunt B RV to PA conduit C Hybrid procedure










image6.emf
A Bidirectional Glenn B Hemi Fontan










image7.emf
B Extracardiac

A Lateral tunnel










