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ABSTRACT
Objectives: To analyse a population of foetuses with prenatally diagnosed hypoplastic left heart syndrome (HLHS).

Material and methods: Retrospective study of foetuses diagnosed with HLHS between 2013 and 2017 in a referral centre.

Results: HLHS was found in 9.7% (65/665) of foetuses with cardiovascular abnormalities (CVA). As an isolated anomaly, HLHS 
was present in 40% of cases; in 24.5% other CVA were detected; in 14%, CVA and extracardiac anomalies; and in 21.5% only 
extracardiac malformations. Genetic disorders were present in 18.4% (12/65) of foetuses. 42% of cardiovascular and 25% 
of extracardiac anomalies were diagnosed postnatally. There were 10 (15.4%) elective terminations, 1 (1.5%) spontaneous 
foetal demise. Two newborns died after birth before surgery. Of the 52 children who underwent Norwood surgery, 13 (25%) 
died (9 with additional anomalies, and 4 with isolated HLHS). Of the 38 children who underwent stage II surgery, 2 (5.2%) 
with isolated HLHS died, and 1 (2.6%) with CVA.

Conclusions: A diagnosis of HLHS is an indication for a detailed examination of cardiac and noncardiac structures. It is 
advisable to consider genetic testing, together with the microarray assessment. The prognosis depends on underlying 
cardiac and extracardiac anomalies and coexisting genetic defects. 
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INTRODUCTION
The term hypoplastic left heart syndrome (HLHS) refers 

to a group of abnormalities characterized by severe under-
development of the left heart structures such as hypoplasia 
of the left ventricle (Fig.1) with mitral atresia or stenosis, 
aortic atresia or stenosis, and hypoplasia of the ascending 
aorta (Fig.2) [1]. 

HLHS is proportionately one of the most common con-
genital cardiac defects diagnosed prenatally [2]. A prenatal 
diagnosis of HLHS affords the opportunity for counselling 
and perinatal planning. To provide parents with the most 
accurate counselling, the advice should be based on current 
experience. There are some discrepancies about accompa-
nying anomalies and survival. In several clinical and autopsy 
studies considering HLHS, extracardiac anomalies and/or 
genetic disorders that could affect the survival of infants 
were noted in up to 37% of the infants [3–5]. Before the era of 
surgical treatment, HLHS was responsible for approximately 
30% of deaths in the first week of life for reasons related 
to the cardiovascular system and was the most frequent 

cause of death for neonates with heart defects [6, 7]. Since 
the 1980s, when new surgical techniques were introduced, 
the prognosis for these patients has improved [8, 9], but the 
survival rates were lower in studies that included foetuses 
than in paediatric series [4, 10, 11]. However, most studies 
were conducted many years ago, and therefore, they may 
not reflect recent advances in the optimal management of 
infants with HLHS.

Therefore, the aim of this study was to present our ex-
perience with prenatally diagnosed HLHS to comprehensive 
analyse a population with HLHS, as well as the associated 
anomalies, neonatal outcomes and mortality rate in the 
first year of life.

MATERIAL AND METHODS
We retrospectively analysed cases of HLHS diagnosed 

during pregnancy between 2013 and 2017 in one Polish 
tertiary care referral centre for the prenatal diagnosis and 
management of foetal and neonatal pathology. We searched 
our computerized database for prenatally diagnosed HLHS, 
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defined as hypoplasia of the left ventricle with aortic atre-
sia or stenosis and with mitral atresia or stenosis between 
January 2013 and December 2017. In these cases, cardiac 
topology was normal with concordant atrioventricular and 
ventriculoarterial relationships. Patients with minor variants 
of hypoplastic left heart suitable for biventricular repair, 
as well as with borderline hypoplastic left ventricle, were 
excluded. We did not include cases with critical aortic ste-
nosis who underwent foetal aortic balloon valvuloplasty 
in the study.

During this period, 3654 foetal screening examinations 
were performed in pregnant women at an increased risk of 
having a child with a cardiac defect. Ultrasound examina-
tions were carried out using a Voluson E6 (GE Healthcare 
Medical Systems, Milwaukee, WI, USA) system and included 
a detailed assessment of cardiac and noncardiac structures 
according to the national guidelines [12–14] and the Inter-
national Society of Ultrasound in Obstetrics and Gynae-
cology [15]. Foetal heart examinations were performed 
using conventional 2-dimensional ultrasound, as well as 
colour and pulsed-wave Doppler ultrasound, by cardiolo-
gists and physicians specialized in prenatal diagnoses and 
foetal echocardiography. Detected cases were recorded at 
the National Registry for Foetal Cardiac Pathology (www.
orpkp.pl) and reviewed by supervisors from foetal cardiac 
centres [14].

The parents were counselled by a paediatric cardiolo-
gist and/or cardiac surgeon and received detailed infor-
mation regarding the defect and available options. Car-
diac transplantation was mentioned during post diagnosis 
counselling as a therapeutic option, but it was not offered 
as an option at our institution or in Poland. The option of 
compassionate care was also discussed, but none of the 
parents selected this option.

The diagnoses of HLHS were confirmed by postnatal 
echocardiography, performed by experienced paediatric 
cardiologists, for live-born infants during their neonatal stay 
or based on autopsies for cases of stillbirth or termination. 
All patients were advised to undergo foetal karyotyping, 
including the exclusion of a 22q11.2 deletion and, since 
2015, the use of array comparative genomic hybridization 
(aCGH). Foetal invasive testing was recommended whenever 
extracardiac anomalies or high-risk clinical factors coexisted 
with HLHS. Isolated HLHS cases were defined if they were 
not accompanied by any other intracardiac or extracardiac 
anomalies reported prenatally or postnatally. We also as-
sessed foramen ovale (FO) to be restrictive in utero when 
the maximum diameter measured in a four-chamber view 
was ≤ 3 mm, with continuous high-velocity flow > 60 cm/s 
[16, 17] and reverse flow in pulmonary veins [18]. Data 
collected from the electronic medical records included 
gestational age at diagnosis, sonographic findings, karyo-
type testing results, and pregnancy outcome. In addition, 
we analysed the indications for referral for examination 
and the results of first-trimester screening for aneuploidy. 
First-trimester screening was performed following the Foetal 
Medicine Foundation, UK recommendations (www.fetal-
medicine.org) [19, 20]. A nuchal translucency (NT) above 
the 95th percentile was considered abnormal. The long-term 
outcomes of the infants and children were determined. 
Postnatal follow-up for at least 12 months was available for 
54 surviving patients (there was 1 loss to follow-up before 
stage II of surgery).

Data are described as the means and standard devia-
tions or medians and ranges as appropriate. Categorical 
data are described as frequencies. Intergroup comparisons 
were made using the χ2 test, and p < 0.05 was considered 
significant.

Figure 2. Left ventricle outflow tract with atretic aortic valve; AsAo 
— ascending aorta; AV — aortic valve; DescA — descending aorta; 
LA — left atrium; LV — left ventricle; MV — mitral valve; RV — right 
ventricle

Figure 1. Four chamber view. Hypoplastic left ventricle with atretic 
mitral valve; DescA — descending aorta; Fo — foramen ovale; LA 
— left atrium; LV — left ventricle; MV — mitral valve; RA — right 
atrium; RV — right ventricle; TV — tricuspid valve

http://www.orpkp.pl
http://www.orpkp.pl
http://www.fetalmedicine.org
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RESULTS
Incidence and characteristics of foetuses with 

a prenatal diagnosis of HLHS
In a group of 665 foetuses with cardiovascular abnor-

malities diagnosed during the 5-year time period of the 
current study, HLHS was found in 65 (9.7%) cases and was 
more common in a male than in female foetuses (64.6% vs 
35.4%). This corresponded to 1.8% (65/3654) of all foetal 
cardiac examinations performed during this period. All cases 
were diagnosed prenatally. During this time period, there 
was no case of HLHS that was diagnosed after birth at our 
institution. The average age of gravida was 29 years (Tab. 1), 
and in most cases, the pregnancy was low risk. Seven women 
were over 35 years old. For 32 women, the pregnancy was 
their first, and for 18 women, the pregnancy was high risk. 
Pregnancy loss was reported in 10 women, diabetes mellitus 
was reported in 2 women, and twin dichorionic pregnan-
cies resulting from assisted reproductive technology were 
reported in 2 women. There was also 1 case of toxoplasmo-
sis. For 54 (83%) cases, the reason for echocardiography was 
an abnormal four-chamber view.

The mean gestational age at diagnosis was 19 weeks. A to-
tal of 22 (33.8%) cases were detected in the first trimester, 
and 47 (72%) cases were detected at ≤ 22 weeks. First-tri-
mester screening was performed for 51/65 (78.4%) cases, 
and a NT above the 95th percentile was noted in 14 foe-
tuses (27.4%). Tricuspid regurgitation was found in 7 (14%) 
foetuses, a reverse a wave in the ductus venosus was found 
in 4 (8%) foetuses, and all these foetuses had an abnormal 
karyotype. Additionally, in 2 (4%) cases, there was ductus 
venosus agenesis.

Taking into account the anatomical type, the most com-
mon was aortic atresia with mitral valve stenosis or hypo-
plasia, making up 55% of cases (Tab. 1). Significant tricuspid 
regurgitation was found in 7 (10.7%) cases. Restriction of the 
foramen ovale, which required balloon atrial septostomy 
after birth ( performed on average on the 4th day of life), 
was found in 4 (7.4%) cases at a mean gestational age of 
36 weeks, and all children survived until hospital discharge. 
An intact atrial septum was detected and confirmed post-
natally in one (1.8%) case at 16 weeks of gestation. In this 
case, balloon atrial septostomy was performed during the 
first five hours of life, but the infant died at 23 days of life 
after stage I surgery. 

Foetal karyotyping was performed prenatally in 55 cas-
es. In four cases, karyotyping was performed postnatally and 
was normal, and in three cases, karyotyping was performed 
post mortem because of dysmorphic features but showed 
a normal female karyotype. In three cases, the parents 
refused genetic testing, but detailed paediatric examina-
tions after birth excluded the presence of any additional 
abnormalities. Chromosomal anomalies were detected in 

12 (18.4%) cases. Five foetuses had monosomy 45X0, two 
cases had a 22q11.2 microdeletion, 2 cases had trisomy 13, 
two cases had trisomy 18, and one case had a 9p23deletion. 

Among the 65 cases of HLHS, 26 (40%) had isolated 
HLHS, and 39 (60%) had associated anomalies.

Termination of pregnancy was chosen by 10 (15.4%) 
families: chromosomal anomalies were present in 7 cases, 
and HLHS was isolated in 3 cases. The rest of the families 
at the time of prenatal counselling as well as after delivery 
stated that they preferred aggressive neonatal interven-
tional care. There was 1 case of intrauterine foetal demise 
at 18 weeks of gestation. Among the 65 cases, 54 (83%) live 
births were observed. The mean gestational age at delivery 
was 39 weeks, and preterm birth occurred in 2 cases. In 63% 
of cases were delivered vaginally. Caesarean section was 
performed in 22 women; 8 cases had caesarean sections 
due to suspected intrauterine foetal asphyxia, and 14 cases 
had elective caesarean sections, including one case of intact 
atrial septum. 

The average birth weight was 3346 g. Four (7.4%) foe-
tuses were diagnosed with intrauterine growth restriction 
(IUGR), and another two (3.7%) were small for gestational 
age (SGA).

On average, the neonates had an Apgar score of 9 at 
1 minute, an oxygen saturation of 87.5% and a pH of 7.334.  
Of the 54 live-born foetuses, two (3.7%) died before treat-
ment and were considered deaths for cardiac reasons. Thus, 
in our initial cohort of 65 foetuses, 52 (80%) were admitted to 
the cardiac surgical centre with intention to treat on average 
on the 3rd day of life and underwent first-stage Norwood 
surgery on average on the 11th day of life. Of these, 39 sur-
vived, and 13 died, leading to a Norwood operative survival 
rate of 75%. There was 1 loss to follow-up. Of the 38 children 
who underwent stage II surgery, 3 (7.9%) children died. 

Foetuses with isolated HLHS
In 26 (40%) cases, HLHS was the only abnormality diag-

nosed prenatally and confirmed postnatally. In this group, 
neither the prenatal karyotype analysis nor the postnatal 
assessment showed any chromosomal abnormalities. 

On average, the diagnosis was made at 21 weeks of 
pregnancy. First-trimester screening was performed in 
19/26 (73.0%) cases, a NT above the 95th percentile was 
noted in 4 foetuses (21.0%), and tricuspid regurgitation was 
noted in 1 case. The diagnosis of HLHS was made during the 
first trimester in 7 cases (36.8%), of which aortic stenosis with  
mitral stenosis was present in 3 cases, aortic atresia  
with mitral atresia was present in 2 cases and aortic  
atresia with mitral stenosis was present in 2 cases.

An isolated form of HLHS was assessed as a type with 
aortic atresia with mitral stenosis in 69.2% of cases, while 
both aortic atresia with mitral atresia and aortic stenosis with 
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mitral stenosis occurred with the same frequency of 15.4%. 
In this group, significant tricuspid regurgitation was noted 
in 2 cases, which was confirmed postnatally.

Termination of pregnancy was selected in 3 (11.5%) 
cases and performed at ≤ 22 weeks of pregnancy (the up-
per limit for termination in Poland). Among the 26 cases of 
isolated HLHS, 23 (88.5%) were live births. Restriction of the 
foramen ovale, which required balloon atrial septostomy 
after birth, was found in 3 (13.0%) foetuses. The mean ges-
tational age at delivery was 39 weeks, and all pregnancies 

were at term. In 60% of cases, there was vaginal delivery. 
Caesarean section was performed in 9 women: 1 case had 
a caesarean section due to suspected intrauterine foetal 
asphyxia, and 8 cases had elective caesarean sections.

The average birth weight was 3373 g. One (4.3%) foe-
tus was diagnosed with IUGR, and one (4.3%) was SGA.  
On average, the neonates had an Apgar score of 9 at 1 min-
ute, an oxygen saturation of 88.4% and a pH of 7.322.

One neonate with isolated HLHS died due to a heart 
block on the second day of life before surgery. Of the 22 chil-

Table 1. Characteristics and outcomes of 65 foetuses with a prenatal diagnosis of hypoplastic left heart syndrome (HLHS)

Characteristics Total
n = 65

Normal intracardiac and 
extracardiac anatomy,  
n = 26 (40%)

Cardiovascular and extracardiac 
anomalies, 
n = 39 (60%)

Maternal age, years ± SD (range) 29.0 ± 4.7 (19–41) 28.3 ± 4.2 (20–36) 29.4 ± 5.0 (19–41)

Gestational age at diagnosis, weeks ± SD (range) 19.4 ± 6.4 (12–34) 21.4 ± 7.3 (12–34) 17.8 ± 5.0 (12–28)*

Diagnosis ≤ 22 weeks, n (%) 47 (72.3) 17 (65.4) 30 (77.0)

First trimester screening, n (%)

Diagnosis in the first trimester, n (%)

51 (78.4)

22 (43.1)

19 (73.0)

7 (36.8)

32 (82.0)

16 (50.0)

Male, n (%) 44 (67.7) 20 (76.9) 22 (56.4)

Abnormal karyotype, n (%):
– trisomy 13, n
– trisomy 18, n
– monosomy 45,X0, n
– 22q11.2 microdeletion, n
– 9p23 deletion, n

12 (18.4)
2
2
5
2
1

0 (0.0)
0
0
0
0
0

12 (30.7)
2
2
5
2
1

Follow-up
– TOP, n (%)
– IUFD, n (%)
– Live birth, n (%)
– Death before surgery, n (%)
– Death after stage I surgery, n (%)
– Death after stage II surgery, n (%)
– Lost to follow-up during the first year of life, 
n (%)

10 (15.4)
1 (1.5)
54 (83.0)
2 (3.7)
13 (25.0)
3 (7.7)
1 (1.8)

3 (11.5)
0 (0.0)
23 (88.4)
1 (4.3)
4 (18.2)
2 (11.1)
1 (3.8)

7 (17.9)
1 (3.1)
31 (79.4)
1 (3.2)
9 (30.0)
1 (4.7)
0 (0.0)

Gestational age at birth, weeks ± SD (range) 39 ± 1.0 (36–42) 39.3 ± 1.0 (38–41) 39.0 ± 1.3 (36–42)

Preterm birth, n (%) 2 (3.7) 0 (0.0%) 2 (5.2)

Birth weight, grams ± SD (range) 3346 ± 545 (2000–4350) 3373 ± 496 (2300–4150) 3327 ± 594 (2000–4350)

Mode of delivery:
– Caesarean section, n (%)
– Vaginal delivery, n (%)

22 (40.0)
32 (60.0)

9 (40.0)
14 (60.0)

13 (42.0)
18 (58.0)

SGA, n (%)
IUGR, n (%)

2 (3.7)
4 (7.4)

1 (4.3)
1 (4.3)

1 (3.2)
3 (9.6)

Apgar score 
 1 min, median (range)
3 min, median (range)
5 min, median (range)

9 (5–10)
10 (6–10)
10 (4–10)

9 (5–10)
9.5 (6–10)
9 (8–10)

9 (8–10)
10 (7–10)
10 (4–10)

Saturation, n (%) 87.5 ± 5.5 88.4 ± 3.2 86.8 ± 6.7

pH, n (%) 7.334 ± 0.056 7.322 ± 0.067 7.344 ± 0.045

Anatomical type
MA/AA, n (%)
MS/AS, n (%)
MS/AA, n (%)

15 (23.0)
14 (22.0)
36 (55.0)

4 (15.4)
4 (15.4)
18 (69.2)

11 (28.4)
10 (25.6)
18 (46.0)

*p < 0.05; HLHS — hypoplastic left heart syndrome; SD — standard deviation; TOP — termination of pregnancy; IUFD — intrauterine foetal demise; IUGR — intrauterine 
growth restriction; SGA — small for gestational age; MA — mitral atresia; MS — mitral stenosis; AA — aortic atresia; AS — aortic stenosis
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dren who underwent Norwood surgery, 4 (18%) children 
died. There was 1 loss to follow-up, and among 17 children 
who underwent stage II surgery, 2 (11.7%) died.

Foetuses with cardiovascular and extracardiac 
anomalies

In 39 cases of HLHS, additional anomalies were noted: 
16 (41.0%) had cardiovascular anomalies, 9 (23.0%) had 
cardiovascular and extracardiac anomalies, and 14 (36.0%) 
had only extracardiac anomalies (Fig. 1). Chromosomal 
anomalies were detected in 12 (30.7%) cases, all of which 
had additional anomalies (Fig. 3). The most common heart 
defects were ventricular septal defects (VSDs), detected in 
10 cases (40%). In the other 2 cases, postnatal echocardiog-
raphy revealed atrial septal defects (ASDs). One foetus had 
a right aortic arch and one partial abnormal venous return.  
The most common vascular anomaly was a single umbilical 
artery, which was present in 24% of cases. A persistent left 
superior vena cava was found in 4 foetuses, and during first-tri-
mester screening, agenesis of ductus venosus was detected in 
2 foetuses, which was confirmed in subsequent scans.

The most common extracardiac abnormalities were foe-
tal hydrops, which was found in 6 cases, accompanied by 
chromosomal abnormalities (Turner syndrome in 5 cases 

and trisomy 18 in 1 case). Additionally, in 6 cases, craniofa-
cial anomalies were present, and in 6 cases, central nervous 
system anomalies were present. Gastrointestinal defects and 
genitourinary defects were also found (Tab. 2). Three cases of 
facial dysmorphia as well as squinting, blindness, deafness, 
tubular disorder and cryptorchidism were detected post-
natally, accounting for 25% of extracardiac anomalies. Fur-
thermore, 42% of cardiovascular anomalies were diagnosed 
postnatally (8 cases of VSD, 2 cases of ASD and 1 case of 
partial anomalous pulmonary venous return) (Fig. 4).

HLHS in the group of foetuses with anomalies was de-
tected earlier than in the group with isolated HLHS (p = 0.03) 
(Tab. 1).

First-trimester screening was performed in 32/39 (82.0%) 
cases, and a NT above the 95th percentile was noted in 
10 foetuses (31.2%). Among the foetuses with increased 
NT, 8 had chromosomal abnormalities, and in 2 cases a nor-
mal karyotype; however, tubulopathy with blindness was 
detected postnatally in 1 case, and dysmorphic features 
were detected in 1 case. Tricuspid regurgitation was found 
in 6 (18.7%) foetuses. A reverse wave in the ductus venosus 
was found in 4 (8%) foetuses, and all these foetuses had 
an abnormal karyotype. Additionally, in 2 (4%) cases, there 
was ductus venosus agenesis (Tab.3).

Monosomy 45X0, n = 2

22q11.2
microdeletion, n = 2

9p23 deletion, n = 1

HLHS total

n = 65

Cardiovascular
anomalies

n = 16 (24.5%)

Trisomy 13, n = 2

Trisomy 18, n = 2

Monosomy 45X0,
n = 3

Death in the first
year of life, n= 5

TOP, n = 6

IUFD, n = 1

Neonathal death, n = 1

TOP, n = 1

Death in the first year 
of life, n = 5

TOP, n = 3

Death in the first 
year of life, n = 7

Extracardiac
anomalies

n = 14 (21.5%)

Cardiovascular
anomalies

+
extracardiac
anomalies

n = 9 (14.0%)

Isolated HLHS

n = 26 (40.0%)

Figure 3. Hypoplastic left heart syndrome, associated conditions and outcomes of 65 foetuses; HLHS — hypoplastic left heart syndrome; IUFD 
— intrauterine foetal demise; TOP — termination of pregnancy
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Table 2. Types of abnormalities found in association with hypoplastic 
left heart syndrome (HLHS)

Diagnosis n 

Type of cardiovascular anomalies associated with HLHS, 
n = 26
VSD
ASD
RAA
PAPVR
Persistent LVCS
SUA
Agenesis of DV
Total

 

10 
2 
1
1
4 
6 
2 
26

Extracardiac anomalies, n = 32
Thymus hypoplasia/aplasia
Craniofacial defects, n = 6
– Dysmorphic features/facial dysmorphia
– Cleft lip and palate
– Micrognathia

Skeletal defects, n = 3
– Clubfoot
– Polydactyly

Polyhydramnios
Hydrops
Squint

CNS defects, n = 6
– Mega cisterna magna
– Blindness
– Deafness
– CCA
– Ventriculomegaly

Gastrointestinal defects, n = 4
– Situs inversus
– Omphalocele
– Hepatomegaly with echogenic foci

Genitourinary defects, n = 3
– Hydronephrosis
– Tubular disorders
– Cryptorchidism
Total

2

3
1
2

1
2

1
6
1

2
1
1
1
1

2
1
1

1
1
1
32

ASD — atrial septal defect; CCA — corpus callosum agenesis; CNS — central 
nervous system; DV — ductus venosus; HLHS — hypoplastic left heart syndrome; 
LVCS — left vena cava superior; RAA — right aortic arch; SUA — single umbilical 
artery; VSD — ventricular septal defect; PAPVR — partial anomalous venous return

In the group of HLHS with additional anomalies, the 
type was assessed as aortic atresia with mitral hypoplasia 
in 46% of cases, aortic atresia with mitral atresia in 28.4% 
of cases and aortic stenosis with mitral hypoplasia in 25.6% 
of cases. In this group, significant tricuspid regurgitation 
was noted in 5 cases, which was confirmed postnatally. 
Restriction of the foramen ovale, which required balloon 
atrial septostomy after birth, was found in 2 foetuses. In one 
case, an intact atrial septum was detected and confirmed 
postnatally, and a persistent left vena cava superior was 
described. In this case, after elective caesarean section, 
balloon atrial septostomy was performed during the first 
five hours of life, but the infant died at 23 days of life after 
stage I surgery.

Among the 39 cases of HLHS with additional anomalies, 
31 (79.5%) were live born. The mean gestational age at 
delivery was 39 weeks. Two patients from the group with 
accompanying anomalies had a preterm birth at 36 weeks 
of gestation; one died at 12 days of life, and the second died 
at 64 days of life. In 58% of cases, there was vaginal delivery. 
Caesarean section was performed in 13 women; 7 cases had 
caesarean sections due to suspected intrauterine foetal 
asphyxia, and 6 cases, had elective caesarean sections.

The average birth weight was 3327 g. Three (9.6%) 
foetuses were diagnosed with IUGR, and the other foetus 
(3.2%) was SGA. On average, the neonates had an Apgar 
score of 9 at 1 minute, an oxygen saturation of 86.8% and 
a pH of 7.344. One neonate died on the second day of life 
before surgery because of sudden cardiac arrest, and during 
prenatal scans, an enlarged liver with hyperechogenic foci 
was observed. Of the 30 children who underwent Norwood 
surgery, 9 (30%) died, and among the 21 children who un-
derwent stage II surgery, 1 (5.0%) died (Fig. 5).

DISCUSSION
Our data show that HLHS is successfully diagnosed dur-

ing the first half of pregnancy, especially in cases where 
additional anomalies are present.

Moreover, the prevalence of underlying genetic causes 
as well as cardiovascular and extracardiac anomalies as-
sociated with HLHS is substantial. It reinforces the already 
known, but often overlooked, fact that patients with HLHS 
frequently have other noncardiac and/or chromosomal 
abnormalities that likely affect the outcome. In this study 
of children with prenatal diagnoses, we also show a better 
survival rate after the first two stages of surgical treatment 
than previously reported. 

In approximately 72% of cases, the diagnosis was made 
before the 22nd week of pregnancy, which is consistent with 
the observations of other authors [4]. The diagnosis of HLHS 
was made early, around the 17th week, when associated 
anomalies were present, in contrast to cases of isolated 

In the group of foetuses that underwent first-trimester 
screening for aneuploidy, the diagnosis of HLHS was made 
in 16 (50.0%) cases.

Termination of pregnancy was selected in 7 (22.5%)  
of the diagnosed 31 cases and performed at ≤ 22 weeks of 
pregnancy, and all of these cases had an abnormal karyo-
type (trisomy 13 in 2 cases, trisomy 18 in 2 cases, and Turner 
syndrome in 3 cases). There was 1 intrauterine foetal demise 
at 18 weeks of gestation (a case with Turner syndrome and 
hydrops in one twin of a dichorionic pregnancy).
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HLHS, where the diagnosis was made around 21 weeks 
of pregnancy. Interestingly, more than one-third of cases 
were diagnosed in the first trimester of pregnancy, and in 
the group with accompanying anomalies, as many as half 
of the cases that had undergone first-trimester screening 
were diagnosed with HLHS. Among the foetuses that were 
screened in the first trimester, the NT values in 27.4% of cases 
were above the 95th percentile. An NT measurement above 
the 95th percentile for the crown–rump length is thought to 
be predictive of congenital heart disease, including condi-
tions on the HLHS spectrum [20, 21]. 

Early prenatal diagnosis has some important func-
tions. First, it enables parents to be counselled in a timely 
and informed manner and to present information on prog-
nosis and possible outcomes, including the option of elec-
tive termination of pregnancy. In our group, 15% of parents 
chose the termination option; this frequency is similar to 
that observed in the Rychik et al. study [22], where 11.7% 
of parents chose this option, but much lower than that re-
ported in Europe (range 27–63%) [4, 23–25]. This allows us 
an opportunity to analyse outcomes in a cohort for which 
there is a high rate of “intention-to-treat” patients.

A prenatal diagnosis of HLHS has been shown to result 
in improved preoperative haemodynamics [26–28], reduced 
comorbidity [29] and a better surgical outcome [22]. How-
ever, some studies have suggested a worse prognosis for 
antenatally diagnosed HLHS, with a survival rate of only 38% 
in one study [30] and an improved rate of 64.5% in a later co-
hort [31], while in the studies reported by paediatricians, the 
survival rate after surgical treatment was up to 90% [10, 32].  

In our study, the survival rate after the stage I stage Norwood 
operation was 75%, which is lower than that in the study 
by Rychik et al. [22], where the survival rate was 83.8%, 
but higher than that reported by other researchers [33]. 
Notably, the study by Rychik et al.[22] included variants of 
HLHS, namely, borderline hypoplastic left heart and atrio-
ventricular septal defect.

The reasons for the worse prognosis are not clear, and 
this finding might indicate that the more severe spectrum 
of the disease is detected antenatally and that these babies 
would not have survived transfer to a specialist unit. Infants 
with an in utero diagnosis had a high frequency of com-
plex risk factors, including prematurity, low birth weight, 
chromosomal anomalies, other extracardiac anomalies, 
additional intracardiac lesions, anatomical variants, and 
obstructed pulmonary venous return [34]. What is interest-
ing, in our group FO restriction did not corresponded with 
higher mortality, what can be explained by the fact that it 
was not detected until 36 week of gestation. The study of 
Jadczak et al. [35] showed that earlier development and 
longer presence of FO restriction is associated with higher 
short-term mortality. 

In our study, preterm delivery occurred in 2 cases, and 
these children died after stage I surgery. Growth disorders 
occurred in 6 (11%) cases, and additional cardiovascular and 
extracardiac abnormalities were found in approximately 60% 
of cases. Notably, approximately 25% of extracardiac defects 
and 42% of cardiovascular defects were detected only after 
birth. The incidence of extracardiac abnormalities reported 
in the literature varies between 3% and 62% [3, 34, 36].  
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Table 3. Characteristics of 39 foetuses with a prenatal diagnosis of hypoplastic left heart syndrome (HLHS) and associated anomalies

Case
GA at 
diagnosis 
(weeks)

NT Associated anomalies Karyotype Perinatal outcome

1. 23 1.9 mm DV agenesis, VSD 46,XY  Live birth

2. 19 1.2 mm VSD 46,XX  Live birth

3. 20 2 mm RAA 46,XY  Live birth

4. 13 1.7 mm VSD 46,XX  Live birth

5. 13 2.4 mm hypoplastic nasal bone, VSD 46,XY  Live birth

6. 25 1.4 mm LVCS 46,XX  Live birth

7. 21 2.1 mm LVCS 46,XY Live birth

8. 21 1.9 mm VSD, PAPVR 46,XY  Live birth

9. 13 1.5 mm LVCS 46,XY Live birth, death after stage I surgery

10. 23 2.0 mm VSD 46,XY  Live birth

11. 21 1.8 mm ASD, unroofed coronary sinus 46,XX  Live birth

12. 12 2.2 mm SUA 46,XY Live birth, death after stage I surgery

13. 26 2 mm LVCS, RVCS agenesis, IUGR 46,XY Live birth, death after stage I surgery

14. 21 1.6 mm VSD 46,XY Live birth, death after stage I surgery

15. 23 1.3 mm VSD 46,XX Live birth, death after stage II surgery

16. 19 1.8 mm; TR ASD, TR 46,XY Live birth

17. 12 3.3 mm; SUA, reverse a wave in DV, polydactyly 47,XY,+13 TOP

18. 13 9.6 mm One twin in dichorionic diamniotic 
pregnancy, hydrops 45X0 IUFD (18 weeks)

19. 13 2.8 mm SUA, TR, micrognathia 47,XY,+18 TOP

20. 19 2.3 mm VSD, deafness 46,XX Live birth

21. 12 7.2 mm Hydrops, omphalocele, hyperechogenic 
bowels, SUA 47,XX,+18 TOP

22. 12 12 mm Hydrops, SUA 45X0 TOP

23. 13 2.9 mm SUA 47,XY,+13 TOP

24. 12 11.2 mm Hydrops in first trimester, SUA 45X0 TOP

25. 28 not done VSD, CCA, facial dysmorphia 46,XX,dysmorphy Live birth, death after stage I surgery

26. 21 2.1 mm Cryptorchidism 46,XY Live birth

27. 27 not done Thymus aplasia, squint 46,XY,22q11.2  
microdeletion Live birth

28. 12 3.2 mm Mega cisterna magna, facial dysmorphia, 
shortening of long bones, SGA 46,XX Live birth, death after stage I surgery

29. 12 2 mm TR, hydronephrosis 46,XY Live birth

30. 13 4.5 mm Hydrops 45X0 TOP

31. 25 not done Situs inversus 46,XX Live birth

32. 19 not done Club foot 46,XY Live birth, death after stage I surgery

33. 21 1.7 mm Facial dysmorphia, IUGR 46,XX dysmorphia Live birth, death after stage I surgery

34. 18 not done Polyhydramnios, facial dysmorphia, 
thymic aplasia

46,XX, 
22q11.2 microdeletion Live birth

35. 20 not done Enlarged liver with hyperechogenic foci 46,XY Live birth, death on day 2

36. 12 6 mm Hydrops 1tr 45X0 Live birth

37 20 not done IUGR, mega cisterna magna, 
ventriculomegaly

46,XX, deletion in the 
region 9p23 Live birth, death after stage I surgery

38. 12 3.5 mm Tubular disorder, blindness 46,XY Live birth

39. 18 1.8 mm Situs inversus 46,XY Live birth

ASD — atrial septal defect; CCA — corpus callosum agenesis; DV — ductus venosus; GA — gestational age; HLHS — hypoplastic left heart syndrome; IUFD — intrauterine 
foetal demise (stillbirth); IUGR — intrauterine growth restriction; LVCS — left vena cava superior; NT — nuchal translucency; PAPVR — partial anomalous pulmonary 
venous return; RAA — right aortic arch; RVCS — right vena cava superior; SGA — small for gestational age; SUA — single umbilical artery; TR — tricuspid regurgitation; 
TOP — termination of pregnancy; VSD — ventricular septal defect
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Such a wide variation in the frequency of additional defects 
may result from differences in the adapted definition of left 
hypoplasia syndrome as well as differences between the 
studied populations.

In a multicentre study, Song et al. [5] reported that iso-
lated HLHS occurred in 62.8% of cases. However, in the study 
by Tennstedt et al. [37], only 38% of foetuses examined by 
autopsy were found to have isolated HLHS, which is consist-
ent with our observations, where isolated HLHS occurred in 
40% of cases.

The improvement in survival may reflect the fact that 
more anomalies associated with HLHS are now being no-
ticed. Previous studies were based largely on findings by 
autopsy, in the context of which it was certainly difficult to 
detect the hearing and eye defects that were detected after 
birth in the patients included in our study.

Additionally, in the present study, genetic disorders 
were noted in 18% of cases, which is consistent with 
previous studies [3, 30, 34, 38]. Moreover Jansen et al. 
[39] showed that in left-sided congenital heart defects 
that appear isolated, with normal chromosome analysis 
and 22q11.2 FISH analysis, array analysis detected clini-
cally significant copy number variants. All the abnormal 
karyotypes in our study were associated with additional 
cardiovascular and extracardiac structural anomalies. This 
is similar to observation by other studies that showed 
that in foetuses with isolated heart lesions, the rate of 
abnormal chromosomes with no anomalies on sonog-
raphy was much lower than that when other anomalies 
were present [37].

Therefore, we suggest that all patients with HLHS should 
be thoroughly evaluated and undergo cytogenetic testing. 
Parents should also be informed that some defects can be 
detected only after birth.

There are several limitations to our retrospective study. 
First, we conducted an institutional, rather than a popu-
lation-based, study that encompassed a small number of 
foetuses with HLHS. Our hospital provides excellent health 
care, including a neonatal oximetry screening programme. 
Conversely, as a tertiary care referral centre, our rate of as-
sociated anomalies may be overestimated because we care 
for higher-risk patients.

CONCLUSIONS
In summary, HLHS is currently diagnosed during the first 

half of pregnancy, giving parents the opportunity to decide 
the future of the pregnancy. A diagnosis of HLHS is also 
an indication for a detailed assessment of foetal anatomy, 
as the percentage of accompanying cardiovascular and 
noncardiac defects is significant. It is advisable to consider 
genetic testing, together with a microarray assessment, 
especially in cases of accompanying defects. It should also 
be noted that some of the anomalies can be detected only 
after birth. The survival rate of the foetal group after prenatal 
diagnosis after the first two stages of surgery is similar to 
those reported in paediatric analyses, but in the case of ac-
companying anomalies, the prognosis is poor.
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