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Abstract

Background: Long QT Syndrome (LQTS) is a rare familial ion channelopathy that may result in syncope, cardiac arrest

and sudden death. Ion channel gene variants have been implicated in neurodevelopmental disorders (NDDs), however the

link between LQTS and NDDs in children is not well characterized. Methods: This retrospective observational cohort study

included patients diagnosed with LQTS at <19 years of age with an NDD diagnosis, prospectively enrolled in an inherited

arrhythmia registry at a tertiary hospital between April 2015- June 2021. Patients with hypoxic ischemic injury were excluded.

Demographics, genetics, therapy and outcomes were evaluated. Results: Among 106 LQTS patients in the registry, we

identified 15 (14%) with NDDs. Eleven (73%) of 15 patients were male compared with 4 (27%) females (p=0.02). Thirteen

(87%) were KCNQ1 -positive, with mean age at LQTS diagnosis of 6.6 years (SD: 4.3) and baseline QTc of 446ms (SD: 24).

Eight (53%) patients had attention deficit hyperactivity disorder, followed by 4 (27%) with learning/communication disorder, 3

(20%) with autism spectrum disorder and 2 (13%) with motor disorder. Nine of 15 (60%) patients received an NDD diagnosis

4.4 (SD: 2.1) years post-LQTS diagnosis; 4 (27%) pre-LQTS diagnosis, and 2 (13%) were unknown. Thirteen (87%) patients

were treated with Nadolol monotherapy, 1 (7%) with flecainide and 1 (7%) with lifestyle modifications only. Five (33%) patients

were taking a concomitant psychostimulant for their NDD, and none experienced arrhythmic events on therapy. LQTS-related

event was experienced by 1 (7%) patient over a mean follow-up of 5.7 (SD: 3.9) years. Conclusion: The prevalence of NDD in

LQTS patients (14%) was higher compared to the general population (4.5-9%). Larger studies investigating the link between

KCNQ1, other LQTS-related genes and NDDs are warranted.
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Abstract

Background: Long QT Syndrome (LQTS) is a rare familial ion channelopathy that may result in syncope,
cardiac arrest and sudden death. Ion channel gene variants have been implicated in neurodevelopmental
disorders (NDDs), however the link between LQTS and NDDs in children is not well characterized.

Methods: This retrospective observational cohort study included patients diagnosed with LQTS at <19
years of age with an NDD diagnosis, prospectively enrolled in an inherited arrhythmia registry at a tertiary
hospital between April 2015- June 2021. Patients with hypoxic ischemic injury were excluded. Demographics,
genetics, therapy and outcomes were evaluated.

Results: Among 106 LQTS patients in the registry, we identified 15 (14%) with NDDs. Eleven (73%) of 15
patients were male compared with 4 (27%) females (p=0.02). Thirteen (87%) wereKCNQ1 -positive, with
mean age at LQTS diagnosis of 6.6 years (SD: 4.3) and baseline QTc of 446ms (SD: 24). Eight (53%) patients
had attention deficit hyperactivity disorder, followed by 4 (27%) with learning/communication disorder, 3
(20%) with autism spectrum disorder and 2 (13%) with motor disorder. Nine of 15 (60%) patients received
an NDD diagnosis 4.4 (SD: 2.1) years post-LQTS diagnosis; 4 (27%) pre-LQTS diagnosis, and 2 (13%) were
unknown. Thirteen (87%) patients were treated with Nadolol monotherapy, 1 (7%) with flecainide and 1
(7%) with lifestyle modifications only. Five (33%) patients were taking a concomitant psychostimulant for
their NDD, and none experienced arrhythmic events on therapy. LQTS-related event was experienced by 1
(7%) patient over a mean follow-up of 5.7 (SD: 3.9) years.

Conclusion: The prevalence of NDD in LQTS patients (14%) was higher compared to the general population
(4.5-9%). Larger studies investigating the link between KCNQ1 , other LQTS-related genes and NDDs are
warranted.

Keywords: Long QT syndrome, pediatric, channelopathies, neurodevelopmental disorders, intellectual dis-
ability, autism, ADHD

Introduction

Long QT Syndrome (LQTS) is an ion channelopathy characterized by a prolonged corrected QT interval
(QTc) on an electrocardiogram and a structurally normal heart with risk of malignant arrhythmias and
sudden cardiac death1. The majority of LQTS cases can be categorized into three common subtypes (LQTS1-
3) associated with variants in KCNQ1 , KCNH2 and SCN5A genes, respectively2. Ion channel dysfunction
in the brain, like in the heart, may alter ion channel excitability, which may potentially lead to neurological
manifestations3. The clinical and pathological link between cardiac ion channel mutations and comorbid
epilepsy and LQTS, has been previously evaluated4. However, studies investigating the potential association
between LQTS and neurodevelopmental disorders (NDDs) are limited. The aim of this study was to evaluate
the prevalence and clinical phenotype of pediatric LQTS patients with NDDs.

Methods

We retrospectively assessed patients diagnosed with LQTS at <19 years of age, who were prospectively
enrolled in an inherited arrhythmia registry at a tertiary hospital between April 2015- June 2021. Patients
with hypoxic ischemic injury were excluded. Data on demographics, baseline QTc on stress test and during
recovery, genetics, comorbid NDD diagnosis and treatments was extracted from the registry. Ethical approval
was obtained from The University of British Columbia, Children’s and Women’s Health Centre of British
Columbia Research Ethics Board (H15-00898).

Categorical data are reported as counts and frequencies (%) and continuous data as mean +/- standard
deviation (SD). Sex differences within the group were determined using Fisher’s exact test.P <0.05 was
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considered significant.

Results

A total of 106 LQTS patients were prospectively enrolled in an inherited arrhythmia registry, between April
2015- June 2021. Of these patients, 15 (14%) had a NDD. Eleven (73%) of 15 NDD patients were male and
4 (27%) were female (p=0.02) with a mean age at LQTS diagnosis of 6.6 years (SD: 4.3) (Table 1). Seven
(47%) were Canadian First nation, 5 (33%) Caucasian, 2 (13%) Greek, and 1 (7%) unknown. Fourteen
(93%) patients had a positive family history of LQTS, with 1 (7%) unknown. The following NDD diagnoses
were reported: 8 (53%) with ADHD, 4 (27%) with learning/communication disorder, 3 (20%) with ASD
and 2 (13%) with motor disorder (Table 2). Nine (60%) patients received an NDD diagnosis 4.4 (SD: 2.1)
years post-LQTS diagnosis; 4 (27%) pre-LQTS diagnosis, and 2 (13%) with unknown dates of diagnosis.
Mean baseline QTc was 446ms (SD: 24) and 499ms (SD: 17; n=10) during stress test recovery. Of the 15
patients, 13 (87%) were KCNQ1 -positive, with 5 (38%) carrying founder variant p.V205M. Locations of
LQTS associatedKCNQ1 variants found in this cohort are presented in Figure 1. Nadolol monotherapy
was prescribed in 13 (87%) patients, followed by flecainide in 1 (7%) and 1 (7%) patient was managed with
lifestyle modifications only. Five (33%) patients were taking a concomitant psychostimulant and experienced
no arrhythmic events on therapy. LQTS-related event rate was experienced by 1 (7%) patient over a mean
follow-up of 5.7 (SD: 3.9) years after LQTS diagnosis. This patient experienced syncope/pre-syncope and
was therapy compliant.

Discussion

In our cohort, pediatric patients diagnosed with LQTS had a higher prevalence of NDD (14%) compared
with the general population (4.5-9%)5, 6. A previous study reported similar prevalence of NDDs (12%)
in neonatal LQTS7. Interestingly, contrary to our findings, studies have reported lower rates of NDDs in
LQTS-1 compared with other LQTS types4, 7. Previous studies have reported a link between other inherited
arrhythmia syndromes and NDDs. In catecholaminergic polymorphic ventricular tachycardia, associated
with variants in the cardiac ryanodine receptor type 2, 8% of patients were reported to have an intellectual
disability8. LQTS-8, or Timothy Syndrome, associated with variants in the cardiac L-type calcium channel, is
characterized by a multi system disorder including cardiac arrhythmias and autism in over 80% of patients9.
It is suggested that these ion channels play a role in regulating neuronal gene expression, neurotransmitter
levels, neuronal hyper-excitability and in subsequent neurodevelopmental disorders10.

In our cohort, those affected with an NDD were most often male. This observation is consistent with previous
reports which report a younger age of LQTS presentation among males11. There was no clear association
between variant localization in KCNQ1 and NDD (Figure 1). This finding would suggest that LQTS patients
with aKCNQ1 variant irrespective of the variant localization are at risk of NDDs. The localization of KCNQ1
mutations warrants further investigation among LQTS patients with NDDs.

None of our patients experienced any cardiac events on concomitant psychostimulant medications as has
been reported previously in patients with LQTS and ADHD12. This is reassuring since LQTS patients
are advised to avoid taking stimulants due to their QT interval prolonging effects (www.crediblemeds.org).
However, other studies have reported higher cardiac events rates compared with our cohort4, 7. This is
possibly because of differences in phenotypic profiles between the cohorts, especially because they comprised
of younger, mostly infantile populations at LQTS presentation4, 7.

Over half of the LQTS patients received their NDD diagnosis with a delay of 4-years post-LQTS diagnosis
suggesting the need for multidisciplinary care in LQTS. Psychological consultation is imperative in the
management of patients diagnosed with an inherited arrhythmia syndrome such as LQTS13. The presence
of psychological support may potentially help in an earlier NDD diagnosis and improve prognosis through
early behavioural intervention14.

Our study was limited by its retrospective nature and small sample size. Future prospective studies investi-
gating the relationship between LQTS and NDDs with larger cohorts are warranted.
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Conclusion

The incidence of NDDs was higher in this cohort of LQTS patients compared to the general population. The
low incidence of cardiac events while on concomitant psychostimulants was reassuring. Earlier diagnoses,
psychological support and behavioural intervention in LQTS patients with NDDs could lead to improved
clinical outcomes.
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Table 1. Demographics of long QT patients included.

Patient Sex Ethnicity Age at LQTS diagnosis (years) Family history of LQTS (+/-)

1 M Canadian First Nation 7 +
2 F Caucasian 11 +
3 M Canadian First Nation 0.33 +
4 M Canadian First Nation 4 +
F F Canadian First Nation 0 +
6 M Canadian First Nation 9 unknown
7 M Canadian First Nation unknown +
8 M Canadian First Nation 8 +
9 M Caucasian unknown +
10 M Unknown 7 +
11 M Greek 8 +
12 M Caucasian 3 +
13 F Caucasian 4 +
1 M Greek 10 +
15 F Caucasian 15 +

M=Male; F=Female; LQTS= Long QT syndrome

Table 2. Clinical data of long QT patients with neurodevelopmental delays.

Patient
LQTS
Gene Variant

QTc on
stress test
during
recovery NDD

Cardiac
symptoms
during
follow-up

Treatment
at last
follow-up

Treatment
at last
follow-up

Duration
of
Follow-Up
(years)

For
LQTS

For
NDD

1 KCNQ1 R591H 480 ADHD Presyncope,
syncope

Nadolol
60 mg

Concerta
36mg

5

2 KCNQ1 C.477+1
G>A

480 ADHD asymptomatic Nadolol
40 mg

Concerta
18 mg

1

3 KCNQ1 V205M unknown ASD asymptomatic Nadolol
20 mg

5

4 KCNQ1 V205M unknown Motor
disorder

asymptomatic Nadolol
40 mg

8

5 KCNQ1 V205M 500 Motor
disor-
der,
Global
develop-
mental
delay

asymptomatic Nadolol
40 mg

14

6 KCNH2 R582C unknown ADHD,
Learn-
ing
disorder

asymptomatic Nadolol
40 mg

Intuniv 8

5



P
os

te
d

on
23

N
ov

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

91
72

47
.7

23
70

12
9/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Patient
LQTS
Gene Variant

QTc on
stress test
during
recovery NDD

Cardiac
symptoms
during
follow-up

Treatment
at last
follow-up

Treatment
at last
follow-up

Duration
of
Follow-Up
(years)

7 KCNQ1 V205M 500 Global
develop-
mental
delay

asymptomatic Nadolol
80 mg

4

8 KCNQ1 V205M Unknown ADHD,
Commu-
nication
disorder

asymptomatic Nadolol
40 mg

3

9 KCNQ1 R594Q 530 ADHD,
Learn-
ing
disor-
der,
Global
develop-
mental
delay

asymptomatic Nadolol
60 mg

7

10 KCNQ1 R518X 500 ADHD,
Motor
disorder,
ASD

asymptomatic Nadolol 40
mg

Guanfacine
3mg
Vyvanse
40mg

6

11 KCNQ1 W305L 500 ASD asymptomatic Nadolol
30 mg

2

12 KCNQ1 V254M 500 ADHD asymptomatic Nadolol
40 mg

10

13 KCNJ2 R67W 480 Global
develop-
mental
delay,
ADHD

asymptomatic Flecainide
75mg

10

14 KCNQ1 W305L 520 Communication
Disorder

asymptomatic Nadolol
40 mg

2

15 KCNQ1 K362R unknown Global
develop-
mental
delay
with
microencephaly

asymptomatic Clobazam
100mg

6

ADHD= attention deficit hyperactivity disorder; Autism Spectrum Disorder; LQTS= Long QT syndrome;
NDD= neurodevelopmental delay

Figure 1. Schematic of KCNQ1 and associated variants reported in our LQTS + NDD cohort.

6



P
os

te
d

on
23

N
ov

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

91
72

47
.7

23
70

12
9/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

7


