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Abstract
Hypoplastic left heart syndrome continues to be one of the most complicated and devastating of all the congenital
heart defects. Despite advances in surgical palliation, patients continue to face a high percentage of morbidity and
mortality. This syndrome can be associated with multiple other genetic conditions although we believe we have
found the first case that is associated with a congenitally prolonged QTc. We will discuss this presentation and the
importance of considering multiple syndromes in those with congenital heart disease.
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Introduction
Hypoplastic Left Heart Syndrome (HLHS) is a spectrum of leftheart obstructive lesions resulting in the underdevelopment of the
mitral valve, left ventricle, left ventricular outflow tract, aortic valve
and the aorta [1]. Therefore, the right ventricle is responsible for
maintaining both the systemic and pulmonary circulation. Children
typically undergo a three stage surgical palliation that successfully
allows the child to live with a single, functional ventricle.
Long QT syndrome (LQTS) is characterized by abnormal QT
interval prolongation and susceptibility for cardiac arrest and sudden
death owing to a specific type of polymorphic ventricular tachycardia,
torsades de pointes [2]. In the late 1990’s, the first five LQTS genes were
identified, all of which encoded proteins that form ion channels that
underlie the cardiac action potential [2]. The patient in our case was
found to have LQT-1, which is located on chromosome 11. General
management of LQTS includes the prevention of torsades de pointes
with the use of beta-blockers, implantable cardiac defibrillators and
avoidance of any medication with the potential to prolong the QT.

Case Report
We report an 11-year-old female that was born with multiple
cardiac defects including subaortic obstruction, mitral stenosis,
hypoplastic aortic arch, hypoplastic left ventricle and coarctation
of the aorta. Due to these multiple left sided defects, the patient was
diagnosed with Shone’s syndrome; however, the most significant was
her hypoplastic left ventricle and aortic arch, which subsequently
gave her the diagnosis of hypoplastic left heart syndrome. Therefore,
here treatment was directed at the latter diagnosis and this is how her
cardiac condition will be classified throughout this case report. She
underwent the Norwood Stage I procedure as a first step towards a
univentricular Fontan operation. One month later she required balloon
dilation of a recurrent coarctation. Her recovery was complicated by a
postoperative seizure that was treated with phenobarbital. Her EKG at
that time showed right axis deviation with right atrial and ventricular
hypertrophy. She was treated with digoxin, Lasix and baby aspirin.
Six months later the patient underwent a bi-directional Glenn.
This was complicated by a paralyzed right hemi-diaphragm, which was
complicated. She also had large venovenous collateral coiled because it
resulted in significant cyanosis. On follow up, she had oxygen saturation
at 72-76% and an EKG that revealed normal sinus rhythm with right
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ventricular hypertrophy. At three years of age the patient underwent
a fenestrated Fontan repair. At follow up her oxygen saturation was
86% with no other concerning physical exam findings. She was treated
with enalapril and aspirin. Two years later she had fenestration closure
with a 4 mm Amplatz device without complication. Subsequently
her aspirin was discontinued secondary to a familial platelet disorder
(specifics unknown).
At six years of age the patient’s EKG showed sinus bradycardia
with junctional escape and some premature atrial beats and perhaps
an atrial couplet. This was a new finding at this age. A 24-hour Holter
monitor was placed that showed sinus rhythm with sinus bradycardia
throughout. Over the following six months the patient experienced
some chest pain and intermittent cyanosis. She had another 24 hour
Holter monitor placed with no concerning findings. Her EKG’s and 24
hour Holter monitoring over the next four years were only consistent
for bradycardia with no associated symptoms.
At ten years of age the patient had an EKG at follow up that showed
a prolonged QT interval at 460 milliseconds, which was abnormally
long. In review of her old records, her QTc ranged anywhere from
410 – 500 upon manual measurement. Most of these measurements
were around 440 milliseconds, which are considered normal (Table 1).
The patient was referred to an electrophysiologist, who confirmed that
she did indeed have a prolonged corrected QT interval. Testing was
done on the patient’s parents and brother, none of which had corrected
QT prolongation. Despite no family history of long QT syndrome,
the patient was treated as having congenital long QT and started on
nadolol. Genetic testing was then performed showing that the patient
was heterozygous for a published missense mutation in the KCNQ1
gene consistent with the autosomal dominant form of LQT-1 found on
chromosome 11.
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Age (years)

cQTc (milliseconds)

Normal vs. Abnormal

0-1

400-500

Both
Normal

2

440

3

410-500

Both

4

470

Abnormal

5

440

Normal

6

490

Abnormal

7

470

Abnormal

8

480

Abnormal

9

440

Normal

10

455

Abnormal

460

Abnormal

11

Table 1: Age vs. corrected QTc (cQTc).

Discussion
Hypoplastic left heart syndrome was first described in 1952 by Lev
and was ultimately given this term by Noonan and Nadas. It accounts
for 7.5% of the newborns with congenital heart disease [3]. HLHS
accounts for 25% of cardiac deaths within the first week of life and
15% of cardiac deaths within the first month on life [3]. Longitudinal
data from the Atlanta metropolitan region suggest that the incidence
of HLHS, at 2.1/1000 live births, has changed little over the past 30
years [3].
The embryologic cause of HLHS remains to be fully understood.
There is also little evidence to show that HLHS is genetically linked to
one chromosome. This is not surprising given the fact that multiple
anomalies are present in this disorder. In one study, however, there was
found to be a link in chromosomes 10q and 6q [4]. Despite this finding,
most neonates are born at term with no other non-cardiac anomalies in
comparison to other infants with structural heart disease [3].
Norwood and others reported the first successful palliation of
HLHS in a series of infants operated on between 1979 and 1981 [5].
Although these procedures have been refined, the essential elements
include an atrial septectomy, anastomosis of the proximal pulmonary
artery to the aorta with augmentation of the aortic arch and an
aortopulmonary shunt [5]. Recent studies looking at survival for these
patients has shown a decrease in mortality. A retrospective study from
1984- 1999 showed a one-year survival rate of 51% although over the
last four years of that study, survival was increased to 71% [3]. More
recently, a study by Photiadis et al. showed midterm survival (8 months)
was excellent for patients with a stable preoperative condition and low
Aristotle comprehensive score, reaching almost 90% [6]. Otherwise,
mid-term survival drops to ∼60%. As a result, prenatal diagnosis and
early referral (at birth) could be of the utmost importance.
To our knowledge this is the first case of combined HLHS and long
QT syndrome. An extensive literature review was done, which showed
no published cases of a combination of these two disorders. We were
also curious if there were any published cases showing a correlation
between any of the genes involved in LQTS and HLHS. We specifically
looked at chromosome 11, since this was the location of the gene
for LQTS involved in our case. This, again, resulted in no reported
cases. We also looked into the relationship between chromosome
11 and other cardiac defects. This resulted in multiple anomalies
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including ventricular septal defects, coarctation of the aorta with aortic
hypoplasia and faulty proteoglycan synthesis causing cardiac defects
[7-9]. Through these finding, it does suggest that chromosome 11 has
some genetic role in left sided anomalies although none specific to
HLHS.
This case also proves important because of its possible implication
for sudden, interstage death. Some factors associated with mortality
between staged palliations include a restrictive atrial septal defect, older
at the time of surgery, respiratory complications, neurologic events and
arrhythmias. In one study, arrhythmias were associated with as many
as four percent of interstage deaths [6,10]. It was unclear whether these
arrhythmias were known prior to surgery or secondary to cardiac
manipulation/ischemia. The child in our case could be considered
lucky because her risk for arrhythmia did not cause her any undue
morbidity or mortality despite her long QTc going undetected between
stages of palliation.

Conclusion
We ultimately came to the conclusion that this patient was
unfortunate enough to have two distinct cardiac entities that were
completely unrelated in terms of their causal relationship. It is therefore
always important to keep an open mind and consider other, separate
diagnoses in all children with congenital heart disease with a specific
focus on arrhythmias due to their high risk of sudden, interstage death.
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