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Outcomes for the Hybrid Approach to First Stage Treatment
of Hypoplastic Left Heart Syndrome

Daniel Crawford, University of Arizona College of Medicine – Phoenix
Joseph Graziano, MD, Phoenix Children’s Hospital

Results

• 18 patients met inclusion criteria
• 12/18 patients (67%) required 28 re-interventions prior to their Stage 2 procedure (S2P) (Table 1)
• The highest percentage of re-interventions (35.7%) targeted the atrial septum: 6 balloon septostomies, 2 atrial 

septectomies, 1 ASD stent placement, and 1 ASD balloon dilatation
• The pulmonary artery bands were tightened on one patient during a surgical atrial septectomy
• There were no procedural complications associated with the hybrid S1P

Discussion
• The hybrid S1P for HLHS is becoming a more 

common approach in place of the Norwood 
procedure

• The re-interventions after the hybrid procedure 
in this case series most often involved the atrial 
septum

• Performing balloon septostomy during or shortly 
after the hybrid procedure may decrease the 
need for future ASD interventions, but must be 
balanced against increased procedure time and 
potential complications during hybrid S1P

• Unexpectedly, pulmonary artery interventions 
due to stenosis were not needed in this case 
series

• The largest decrease in diameter at the 
pulmonary artery bands was less than 0.5%

• Study limitations include its retrospective nature, 
small sample size, sometimes incomplete 
patient data, and an 8 year treatment period with 
possible variability in physician practices

Figure 1: Hypoplastic left heart
syndrome illustrating a hypoplastic left
ventricle (LV), mitral valve (MV), aortic
valve (AoV), and ascending aorta (Ao)

Methods

• A retrospective chart and imaging review was performed 
for all patients with single ventricle anatomy at PCH who 
underwent hybrid S1P from 2007 – 2015

• Medical records, hemodynamic data, angiographic 
imaging, and echo imaging were reviewed

• Patient demographics, procedure and peri-procedural 
data for Stage 1 (hybrid)/Stage 2/Fontan procedures, 
complications, outcomes including re-intervention rates 
and mortality, and geometric and physiologic 
measurements were recorded

Introduction
• HLHS is a rare congenital condition (2.3 cases per 10,000 

live births) that involves hypoplasia or atresia of left heart 
structures (Figure 1)

• Treatment requires 3 separate interventions (Stage 1, 
Stage 2, Fontan)

• Traditionally, Stage 1 is an open-heart operation (Norwood 
procedure) that involves 4 steps:

• Connect the aorta to the functional right ventricle 
(create a “neoaorta”)

• Provide pulmonary blood flow with a shunt between 
the aorta/right ventricle and pulmonary arteries

• Create a non-restrictive atrial septal defect 
• Eliminate the ductus arteriosus

• The “hybrid” stage 1 procedure (S1P) is a newer and less 
invasive alternative that involves two steps (Figure 2):

• Stent the patent ductus arteriosus
• Place bands around the left and right pulmonary 

arteries
• The hybrid approach has become favorable for certain 

patients in recent years
• Early studies indicate that pulmonary artery stenosis is a 

common reason for re-intervention after hybrid S1P
• There is a need to better understand the outcomes and the 

factors that influence the outcomes for hybrid S1P

Figure 2: Hybrid S1P for HLHS. A stent
is placed in the ductus arteriosus (PDA
stent) and bands are placed around the
right and left pulmonary arteries

Table 1: Procedural complications & re-interventions
S2P*: 2 re-interventions were part of routine pre-Fontan diagnostic 
catheterizations
“Other” in S1P included pulmonary valve stenosis repair, mitral valve 
commissurotomy, tricuspid valve repair, a pericardial thrombectomy, and 
stenting of the mitral valve with a Melody valve
“Other” in S2P included Glenn takedown, coil occlusion of veno-veno collaterals, 
and recurrent coarctation angioplasty
“Other” in Fontan was embolization for hemoptysis

Abstract

• The “hybrid” procedure is a less invasive alternative to the 
Norwood operation for Stage 1 palliation of hypoplastic left 
heart syndrome (HLHS)

• In order to better understand the outcomes of this 
procedure and the factors that influence those outcomes, a 
retrospective chart and image review was performed on 18 
patients

• 12 of the patients (67%) required 28 re-interventions, 
including 10 (35.7%) for the atrial septal defect (ASD) and 4 
(14.3%) for the ductus arteriosus

• There is a high re-intervention rate after the “hybrid” 
procedure, and this rate may decrease with early balloon 
septostomy

Figure 3: Percent decrease in pulmonary
artery diameter versus days after 1st
angiographic imaging. A negative percent
change indicates that the diameter
increased

• Only two re-interventions between Stage 1 and 
Stage 2 procedures involved the pulmonary 
arteries

• Unexpectedly, there were no re-interventions 
due to stenosis at the bands during this 
interstage period

• Pulmonary artery diameters increased for many 
patients (Figure 3)

• 4 patients received an orthotopic heart 
transplant, 1 had conversion to a Norwood 
procedure, 1 had biventricular repair, and 2 
patients died

Results (continued)

Conclusions

• The hybrid approach to first stage palliation of 
HLHS (S1P) is a viable alternative to the 
Norwood procedure

• Re-interventions may decrease with 
prophylactic balloon septostomy during or 
shortly after the hybrid S1P
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