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Background: Although progress in perioperative management and surgical treatment has improved the sur-
vival rate of patients with hypoplastic left heart syndrome (HLHS), the Fontan completion rate remains low and
prognosis is poor. Analysis of prognostic factors is challenging because HLHS complicates hemodynamics in
patients with typical HLHS without ventricular septal defect and nontypical HLHS. This study aimed to catego-
rize typical HLHS into four groups with combinations of stenosis/atresia of the mitral valve/aortic valve and to
investigate survival rates and mortality risk factors to improve Fontan completion and prognosis.

Methods: We enrolled 119 patients with HLHS [mitral valve atresia (MA)/aortic valve atresia (AA): 61 patients;
MA/aortic valve stenosis (AS): 4; mitral valve stenosis (MS)/AA: 24; and MS/AS: 30)]. After excluding the
MA/AS group because of a small number of patients, we investigated the survival rate, number of mortalities,
and cause of death in the MA/AA, MS/AA, and MS/AS groups by using prenatal diagnosis, MS/AA, low birth
weight, atrioventricular valvular insufficiency, noncardiac complications, restricted foramen ovale, and length
of intensive care unit stay following initial surgery as variables.

Results: The overall 5-year survival rate for typical HLHS was 58 %, which significantly varied by subtype (MS/
AS: 72%; MA/AA: 59%; and MS/AA: 33%; p=0.002). Multivariate analysis identified MS/AA (p=0.002) and
positive prenatal diagnosis (p=0.03) as significant prognostic risk factors.

Conclusion: In typical HLHS, MS/AA was found to be an adverse prognostic factor. Because prognosis after
total cavopulmonary connection was similar to those of other groups, preoperative diagnosis and treatment
strategies before right heart bypass must be improved.

Keywords: hypoplastic left heart syndrome, congenital heart disease, cardiac surgery, outcome, mitral
valve stenosis aortic valve atresia
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Table 1 Patient characteristics by MV/AV subtype classification
Overall MS/AA MA/AA MS/AS MA/AS*
n=119 n=24 n=61 n=30 n=4 p value
(20.2%) (51.2%) (25.2%) (3.4%)
Male, n (%) 72 (60.5) 16 (66.7) 33 (54.1) 20 (66.7) 3 (75) 0.38
Prenatal diagnosis, n (%) 70 (58.8) 14 (58.3) 38 (62.3) 18 (60.0) 0 1.00
Birth weight, median, g (range) 2835 2590 2906 2779 3037 0.64
(1160-3982) (1160-3160) (1650-3798) (1650-3982) (2810-3700)
Birth weight <2,500g, n (%) 22 (18.5) 7 (29.2) 8(13.1) 7 (23.3) 0 0.18
AVVR (=moderate), n (%) 6 (5.0) 2(8.3) 3(4.9) 1(3.3) 0 0.73
Extracardiac anomaly, n (%) 12 (10.1) 2 (8.3) 8(13.1) 2(6.7) 0 0.72
Restrictive PFO, n (%) 6 (5.0) 3(12.5) 1(1.6) 2(6.7) 0 0.08
ICU stay after the 1st operation (median, day) 15 (0-177) 16 (0-177) 18 (1-125) 15 (0-36) 10 (4-23) 0.20

MA: mitral atresia, MS: mitral stenosis, AA: aortic atresia, AS: aortic stenosis. *Stastical analysis was performed in the MS/AA,
MA/AA and MS/AS subtype except MA/AS subtype because the number of MA/AS subtype is limited.
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Fig. 1 Kaplan-Meier survival curve of cumulative
survival for each anatomic subtype

MS/AA: mitral stenosis/aortic atresia, MA/AA:
mitral atresia/aortic atresia, MS/AS: mitral stenosis/
aortic stenosis
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Fig. 2 Flow chart of patients with typical HLHS

BPAB: bilateral pulmonary artery banding, BDG:bi-
directional Glenn, EC-TCPC:extracardiac conduit
total cavopulmonary connection
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Fig. 3 Flow chart of MS/AA subtype group

BPAB: bilateral pulmonary artery banding, BDG:bi-
directional Glenn, EC-TCPC:extracardiac conduit
total cavopulmonary connection
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Table 2 Causes for mortality of patients with each anatomic subtypes

MS/AA (n=16) MA/AA (n=24) MS/AS (n=9) Overall (n=49)
Right ventricular dysfunction 6 9 4 19
Sudden death 5 3 3 11
Infection /sepsis 2 4 2 8
AV block 1 4 0 5
ARDS 1 2 0 3
Ductal shock 1 2 0 3

ARDS: acute respiratory distress syndrome

Table 3 Cox proportional hazards tests of the risk factors for mortality of typical HLHS

Univariate analysis Multivariate analysis

Variables

Hazard ratio 95%ClI p value Hazard ratio 95%ClI p value

MS/AA 2.73 1.50-4.97 0.001 2.80 1.47-5.32 0.002

Prenatal diagnosis 2.30 1.13-4.68 0.021 2.25 1.11-4.58 0.03

Low birth weight (BW<2,5009) 1.35 0.69-2.64 0.38

AVV regurgitation (=moderate) 1.27 0.39-4.08 0.69

Extracradiac anomaly 1.84 0.86-3.92 0.12

Restrictive PFO 1.26 0.39-4.07 0.70

ICU stay after 1st operation 1.01 0.99-1.02 0.33

Norwood-BT shunt 1.27 0.567-2.87 0.56

Norwood-RV-PA conduit 0.80 0.38-1.68 0.55

BPAB 0.71 0.34-1.49 0.37

Cl: confidence interval, BT: Blalock-Taussig, BPAB: bilateral PAB
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