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Letter to

the Editor

To the Editor

Long-term neurodevelopmental outcome of children 

treated for Hypoplastic Left Heart Syndrome (HLHS) may 

be impaired.1) As younger gestational age has been shown 

to be associated with poorer neurodevelopmental outcome 

after cardiac surgery related to impaired brain maturation,2) 

we suggested the cerebral vulnerability to be more sensi-

tive to cardiopulmonary bypass surgery immediately after 

birth compared to later infancy. Two different treatment 

strategies for HLHS exist including the Norwood and 

Hybrid procedure.3) Our hypothesis was that the impact of 

Norwood and Hybrid procedure on long-term neurodevel-

opmental outcome may be different by delaying cardiopul-

monary bypass surgery to the age of 3 to 5 months when 

performing the Hybrid procedure as first stage. 

Recently, we reported the neurodevelopmental outcome 

at one year of age for children treated for HLHS comparing 

Hybrid and Norwood procedure.4) Meanwhile, we further 

followed this patient group until the age of 4 years. Further 

data on long-term neurodevelopmental outcome compar-

ing Hybrid and Norwood procedure are still missing. 

Therefore, we aimed to report the neurodevelopmental out-

come of infants treated for HLHS either by the Norwood or 

the Hybrid procedure at 4 years of age. Furthermore, we 

analyzed the impact of a learning curve after start of a 

Hybrid program.

In all consecutive infants with HLHS undergoing Hybrid 

(2006–2008) and Norwood procedure (2004–2008), we 

evaluated mid-term (at 1 year of age) and long-term follow 

up (at 4 years of age) after implementation of both treat-

ment options in a single centre setting (for details see4)). 

For neurodevelopmental assessment we included dif-

ferent tests according to the age of the patients: There-

fore, at 1 year of age, we used the Bayley Scales of Infant 

Development II, while, at 4 years of age, we used the 

Wechsler Primary Preschool Intelligence Scale–III and 

the Movement-ABC 2. Further analysis included a com-

parison of outcome of the early (within first year after 

implementation of the procedure) versus the late treatment 

period (after first year of implementation).

By that, 31 (18 male) infants were treated with Hybrid 

(n = 13) or Norwood (n = 18) procedure4) Norwood stage I 

procedure was performed using cardiopulmonary bypass 

(alpha-stat) with moderate hypothermia (22°C–28°C)  

and selective cerebral perfusion. We performed either a 
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modified Blalock-Taussig shunt or a Sano shunt and used 

modified ultrafiltration after cardiopulmonary bypass. For 

hybrid procedure pulmonary arteries were banded bilater-

ally with a 3 mm long Goretex tube (body weight <3 kg,  

3 mm diameter tube; body weight >3 kg, 3.5 mm diameter 

tube).3) For the catheter-based intervention self-expanding 

bare metal stents (Sinus Repo, Optimed Co., Ettlingen, 

Germany) were used for the arterial duct stenting and bal-

loon atrioseptostomy was performed by static balloon dil-

atation (12 mm diameter) or Rashkind procedure.

Until the age of 1 year, 20 children survived. We recently 

reported on the neurodevelopmental outcome at mid-term 

follow up (at 1 year of age) with significantly lower psycho-

motor development index (PDI) and mental development 

index (MDI) outcome compared to the norm [median PDI 57 

(49–99), p <0.001; median MDI 91 (65–109), p = 0.002], but, 

of interest, independent of the type of surgical treatment by 

comparing Hybrid (n = 9) and Norwood (n = 11) procedure 

[PDI: Norwood 56.5 (49–81) vs. Hybrid 65 (50–99), p = 0.18; 

MDI: Norwood 93 (65–109) vs. Hybrid 88 (71–102), p = 

1.0].4) Now, we are able to report on the long-term follow up 

(at 4 years of age), including the remaining 16 of 20 chil-

dren, due to late death (n = 1), or lost to follow up (n = 3). 

Comparable with the results at 1 year of age, cognitive and 

motor performance were poorer than the norm [median IQ:  

89 (76–116), p = 0.02; total motor score: p = 0.002], and 

again not correlated with the type of surgical treatment 

by comparing Hybrid (n = 7) and Norwood (n = 9) 

Fig. 1  Above (A, left), at 1 year, motor (PDI) and (B, right), cognitive (MDI) outcome were significantly impaired 

compared to the norm [PDI 57 (49–99), p <0.001; MDI 91 (65–109), p = 0.002]. Below (C, left), at 4 years 

of age, comparable results after Hybrid and Norwood procedure for cognitive outcome [median IQ: Norwood 

92 (80–104) vs. Hybrid 88 (76–116), p = 1.0], (D, right) lower IQ in the early period compared to children 

treated in the late period independent of performed procedure [IQ early period 87 (76–101) vs. late period  

96 (80–116), p = 0.03]. PDI: psychomotor development index; MDI: mental development index; IQ: intelli-

gence quotient
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procedure [IQ: Norwood 92 (80–104) vs. Hybrid 88 

(76–116), p = 1.0; motor outcome: p >0.8]. Of note, cogni-

tive performance of children treated in the early treatment 

period was significantly lower compared to children treated in 

the late period independent of performed procedure [IQ early 

period 87 (76–101) vs. late period 96 (80–116), p = 0.03], while 

this effect was not found for motor outcome, which was com-

parable between early versus late treatment period (p >0.8). 

The neurodevelopmental impairments in cognitive and 

motor function that have been described at one year of 

age persist at 4 years of age in children with HLHS. The 

severity of impairments seems to be less pronounced for 

the cognitive outcome, being mildly impaired with a 

median total IQ within one standard deviation of the 

norm (Fig. 1). But, the motor outcome is more severely 

affected with a median score at the 20th percentile com-

pared to the 50th percentile in the norm. In our small 

study population, a delay of cardiopulmonary bypass sur-

gery by performing the Hybrid procedure is not associ-

ated with a better outcome at 4 years of age in children 

with HLHS. It is well known that other in particular pre-

operative factors, such as altered intrauterine hemody-

namics,5) delayed intrauterine cerebral growth6,7) or 

perioperative events during intensive care8) contribute 

significantly to neurodevelopmental outcome. 

Further long-term follow up until adolescence is needed 

to examine whether cognitive and motor outcome remains 

stable until school age in this population. Other studies 

reporting on neurodevelopmental outcome of cohorts of 

preschool children with HLHS showed comparable out-

come results after Norwood procedure.8) 

The improvement of cognitive outcome during the 

observed time period cannot be completely explained by 

the available data sets obtained in this small observational 

case series. Therefore, we need a prospective clinical study, 

revealing standardized data sets comparing the peri- and 

postoperative course in a larger group of patients.

Furthermore, for a better understanding of the mecha-

nism leading to an impaired motor and cognitive outcome 

in this patient group and the effect of the type of surgical 

intervention, brain imaging studies need to be combined 

with neurodevelopmental outcome assessment in a 

multi-center trial.

In conclusion, at 4 years of age there are no evident 

differences between Hybrid and Norwood procedure in a 

small cohort of patients with HLHS. Nevertheless, the 

cognitive outcome is influenced by the time period of 

treatment and improves with increasing institutional expe-

rience and knowledge, which to some extent may be 

explained as an institutional learning curve.
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