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Abstract

Hypothyroidism can have a significant impact on cardiac contractility, vascular resistance, blood pressure, and cardiac rhythm. Ventricular
arrhythmias induced by hypothyroidism are infrequently reported, especially in pediatric cases. A 15-year-old girl with autoimmune
hypothyroidism experienced pulseless ventricular arrhythmias on 2 separate occasions because of nonadherence to levothyroxine
medication. Subsequent investigations revealed an SCN5A mutation associated with Brugada syndrome. A loop recorder captured
polymorphic ventricular tachycardia (PMVT), specifically Torsades de Pointes during her second event. Both arrhythmias were addressed only
after stabilizing her thyroid hormone levels with replacement therapy. Although rare, patients with uncontrolled hypothyroidism may present
with ventricular arrhythmias, particularly PMVT. The cornerstone of treatment for hypothyroidism-induced ventricular arrhythmia is thyroid
replacement therapy. The identification of an SCN5A mutation unmasked by overt hypothyroidism emphasizes the need for a comprehensive

cardiac evaluation in patients with hypothyroidism being assessed for PMVT.
Key Words: hypothyroidism, ventricular arrhythmia, Torsades de Pointes, polymorphic ventricular tachycardia, Brugada syndrome

Introduction

Hypothyroidism is a common endocrine disorder affecting
4% to 10% of the population; it can be detrimental to the car-
diovascular system, contributing to cardiac function and
rhythm disturbances (1). Electrocardiographic (ECG) changes
commonly observed with hypothyroidism include sinus
bradycardia, low voltage, atrioventricular block, and pro-
longed QT (2). When QT prolongation occurs, there is an in-
creased risk of polymorphic ventricular tachycardia (PMVT)
secondary to acquired Torsades de Pointes (TdP).

Although Brugada syndrome (BrS) is primarily an inherited
condition, a few case studies note a correlation between un-
controlled hypothyroidism and a Brugada pattern on ECG.
This may be secondary to the effect of uncontrolled hypothy-
roidism on myocardial ion channels, which is the pathophy-
siologic premise for the typical ECG pattern seen in BrS (3—
5). The finding of a classic type I Brugada pattern ECG is as-
sociated with increased susceptibility to ventricular arrhyth-
mias and sudden cardiac death (6). We present a unique
case of acquired PMVT in a young patient with autoimmune
hypothyroidism who was nonadherent to thyroid replace-
ment, and, subsequently, SCNSA was discovered.

Case Presentation

The patient is a 15-year-old female who was initially
referred to outpatient pediatric endocrinology at age

12 years with complaints of fatigue, dry skin, facial puffi-
ness, and increased sensitivity to cold before presenting to
our facility. She had also demonstrated poor linear growth
in the year before her presentation. Initial blood work
showed an elevated TSH level of >150 ulU/L [mIU/L] (ref-
erence range, 0.50-4.30), a low free T4 (FT4) level of 2.57
pmol/L [0.2 ng/dL] (reference range, 0.9-1.4 ng/dL), and a
positive thyroglobulin antibody level of >1000 IU/mL (ref-
erence range, <1 IU/mL). Her thyroid peroxidase antibody
and thyroid-stimulating immunoglobulin were negative.
Her vitals were within normal limits, but her thyroid exam-
ination revealed mild diffuse enlargement. Hence, she was
diagnosed with autoimmune hypothyroidism and started
on 75 mcg of levothyroxine daily.

After her diagnosis, the patient saw her pediatric endocrinolo-
gist sporadically and was often noted to be skipping several doses
of levothyroxine. Her nonadherence was also reflected biochem-
ically, with her TSH being persistently elevated and FT4 being
below normal. As a result, her levothyroxine dose was serially in-
creased to 125 mcg by her pediatric endocrinologist. Her last
blood work 6 months before presenting to our facility showed
an elevated TSH of 105.46 IU/L [mIU/L] and a low FT4 of
10.2 pmol/L [0.8 ng/dL]. Furthermore, during these 3 years,
the patient gained 57 b and was diagnosed with prediabetes as
her hemoglobin Alc became elevated to 5.7% (reference range,
<5.6%). She was started on metformin by her pediatric endo-
crinologist but was not adherent to this medication either.
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Diagnostic Assessment

On the day of her initial presentation to our facility, the pa-
tient experienced a syncopal episode during her physical edu-
cation class. She reportedly did not have a pulse on the field.
Hence, cardiopulmonary resuscitation was started, and an au-
tomated external defibrillator was placed. The automated ex-
ternal defibrillator showed a shockable rhythm, and the
patient was cardioverted on the field, following which she re-
gained consciousness. She was then brought to our emergency
department where she was noted to have severe hypothyroid-
ism. Her TSH was 387.400 ulU/L [mIU/L] (reference range,
0.463-3.980 ulU/mL), FT4 was 1.67 pmol/L [0.13 ng/dL] (ref-
erence range, 0.78-1.33 ng/dL), and free T3 was <0.76 pmol/L
[<0.50 pg/mL] (reference range, 2.91-4.53 pg/mL). Her vitals
on arrival were stable but the physical examination revealed a
sallow appearance. The rest of the physical examination was
reported to be normal including the thyroid examination.
Her initial ECG demonstrated a prolonged QTc of 494 ms.

Treatment

She was then started on 100 mg of hydrocortisone every
6 hours; this was discontinued after 24 hours due to a robust
baseline cortisol level of 744.83 nmol/L [27 mcg/dL]. At the
same time, she was started on 100 mcg of levothyroxine IV,
which was increased to 125 mcg the next day. She was also
started on 25 mcg twice daily of liothyronine. On day 3 of
this admission, levothyroxine IV was switched to 150 mcg or-
ally and her thyroid function tests improved with TSH 149.2
ulU/mL [mIU/L], FT4 4.37 pmol/L [0.34 ng/dL], and free T3
1.06 pmol/L [0.69 pg/mL]. Her ECG showed improvement in
QTc to 395 ms with treatment of her hypothyroidism. Her
cardiac magnetic resonance imaging showed an ejection frac-
tion of 40% (normal, 55%-65%) with no evidence of myocar-
dial fibrosis, scarring, or arrhythmogenic right ventricular
dysplasia. Implantable cardioverter defibrillator placement
was deferred for an implantable loop recorder until further
outpatient evaluation was completed. Genetic testing for car-
diac channelopathies was sent and returned positive for BrS
with a pathogenic SCNSA mutation. At the time of discharge,
her TSH was 30.8 ulU/mL [mIU/L], FT4 was 6.95 pmol/L
[0.54 ng/dL], and total T3 was 4.15 nmol/L [270 ng/dL] (ref-
erence range, 80-213 ng/dL). Given that her total T3 was ele-
vated, liothyronine was discontinued and she was discharged
home on 150 mcg of levothyroxine to follow up with her out-
patient pediatric endocrinologist. Notably, her baseline ECG
postthyroid replacement did not demonstrate a Brugada
pattern.

The patient was unable to reestablish care with her pediatric
endocrinologist after this initial hospitalization and presented
again 8 months later after a cardiac arrest at home. She was
subsequently found to have severe hypothyroidism with an
elevated TSH of 403 ulU/mL [mIU/L] and an undetectable
FT4. On arrival at our emergency department, she remained
in full cardiac arrest and was noted to have pulseless mono-
morphic ventricular tachycardia on ECG. Cardiopulmonary
resuscitation was continued with further defibrillation and ad-
ministration of PALS medications with eventual return of
spontaneous circulation after 48 minutes. She was then intu-
bated and started on 100 mcg of levothyroxine IV daily along
with continuous levothyroxine at 5 mcg/kg/h (120 meg daily).
Despite having a previously robust cortisol, she was given 40
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mg of hydrocortisone every 6 hours because of her precarious
clinical status. Her ECG showed a wide complex tachycardia
at 112 beats per minute with prolonged QTc >500 ms and
after return of spontaneous circulation showed a wide com-
plex ventricular escape rhythm at 50 beats per minute and a
QTc of 448 ms. There was no evidence of a Brugada pattern.
Review of her loop recorder revealed initial ventricular bige-
miny becoming TdP followed by ventricular fibrillation (VF)
(Fig. 1). She had a bedside transvenous pacemaker placed
but attempts to overdrive pace could not completely suppress
her ventricular arrhythmias. Her echocardiogram showed
moderately decreased left ventricular function with severe hy-
pokinesia of the apex. Although not indicated at that time,
given the concern for an impending requirement of extracor-
poreal membrane oxygenation, she was transferred to a high-
er level of care.

By the time of transfer, the patient had stabilized sufficiently
to discontinue the hydrocortisone and decrease the levothyr-
oxine. The patient received 75 mcg of levothyroxine IV daily
and transitioned to 112.5 mcg levothyroxine orally as her
thyroid function tests showed improvement with TSH 205
ulU/mL[mIU/L] and FT4 9.2 pmol/L[0.72 ng/dL]. She did
not receive extracorporeal membrane oxygenation.

On return to our facility, TSH was 144.2 ulU/mL [mIU/L]
and FT4 was 10.1 pmol/L [0.79 ng/dL]; therefore, the oral
levothyroxine dose was increased to 125 mcg. During this
hospitalization, her TSH was noted to be up-trending to
156.5 ulU/mL [mIU/L]. Given the concern for poor absorp-
tion of levothyroxine, liothyronine was added once again to
her regimen (5 mcg daily). This was later discontinued. The
patient then returned to her baseline health including baseline
neurologic function and underwent an electrophysiologic
study with procainamide challenge to evaluate for phenotypic
BrS, which was negative. Following this, she had a transve-
nous automatic implantable cardioverter-defibrillator placed
for secondary prevention. Her TSH before discharge was
2.895 ulU/mL [mIU/L]; she had a mildly elevated FT4 of
20.3 pmol/L [1.58 ng/dL] but continued the same levothyrox-
ine dose of 125 mcg.

Outcome and Follow-up

Because her presentations were due to medication nonadher-
ence, we implemented educational programs, reminders, and
multidisciplinary support and collaborated with her family
to ensure a supportive environment to prevent further admis-
sions. She is currently on 112 mcg as her most recent blood
work during a follow-up outpatient visit revealed a TSH of
0.16 ulU/mL [mIU/L], FT4 of 18.02 pmol/L [1.4 ng/dL],
and total T3 of 2.76 nmol/L [176 ng/dL].

Discussion

Hypothyroidism is a well-known cause of various cardiovas-
cular abnormalities, including ventricular tachycardia.
Possible proposed mechanisms for ventricular arrhythmia in-
clude T3’s interaction with electrophysiological properties of
the myocardium. Low T4 levels in hypothyroidism, subse-
quently lead to low T3, which then causes prolongation of
the QT interval and dispersion of ventricular repolarization
(7). Although ECG changes are common in this disease
process, the incidence rates of ventricular arrhythmias and
ventricular tachycardia in hypothyroidism are 6.58%
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Figure 1. Loop recorder tracings at the time of syncope and cardiac arrest. (A) Inciting rhythm shows ventricular bigeminy. (B) Demonstration of bigeminy
propagating ventricular tachycardia. (C) Polymorphic ventricular tachycardia, in this case, Torsades de Pointes. (D) Ventricular tachycardia degenerating into

ventricular fibrillation.

and 2.63%, respectively (8). Kandan et al presented an
85-year-old female with lightheadedness secondary to TdP
with prolonged QT interval. Despite stopping offending
agents, including digoxin and hydroxychloroquine, she
continued to have recurrent arrhythmias and prolonged QT
and was subsequently diagnosed with hypothyroidism.
Treatment with levothyroxine corrected her arrhythmia and
ECG abnormalities (9-11). Similarly, Shojaie et al described
a case of severe hypothyroidism manifesting with syncope
and PMVT that responded well only after treatment with lev-
othyroxine (10).

For the management of hypothyroidism-induced ventricu-
lar tachycardia, immediate correction of thyroid levels is es-
sential, typically starting with IV levothyroxine, followed by
maintenance on oral levothyroxine (12). It is crucial to initiate
thyroid replacement therapy cautiously in patients with severe
hypothyroidism and preexisting heart conditions to avoid ex-
acerbating heart failure or angina. Clinicians should also be
aware of the potential delay between thyroid hormone admin-
istration and its genomic effects, adjusting treatment expecta-
tions accordingly. While awaiting normalization of FT4
levels, temporizing measures with cardioversion/defibrilla-
tion, antiarrhythmics, and overdrive pacing are typically at-
tempted. When choosing antiarrhythmic therapy, caution
must be used to not further exacerbate arrhythmias.
Amiodarone in particular can further prolong the QT interval,
which may potentiate TdP whereas lidocaine can shorten the
QT interval (13). In our case, the patient continued to have
pulseless episodes of TdP despite being on an IV levothyroxine
drip with push doses. Antiarrhythmic therapy and pacing
were also unable to control her ventricular arrhythmia until
the normalization of FT4 levels.

BrS is a life-threatening genetic disorder with 20% to 30%
cases involving SCNSA mutations that affect the Nav1.5 chan-
nel crucial for cardiac action potential propagation (14). These
mutations can lead to different types of sodium currents, dis-
playing characteristics of multiple cardiac syndromes, known
as overlap syndromes (15). Typically, SCNSA variants show
autosomal dominant traits that may cause dominant-negative
effects or haploinsufficiency, altering ion conductance (14, 16).
The genetic landscape of BrS also shows heterogeneity with

other genes contributing to its phenotype (17). Nongenetic fac-
tors like hypothyroidism can induce arrhythmias in patients
with BrS (6) because thyroid dysfunctions are linked to ECG
changes resembling Brugada patterns, reversible with thyroid
level normalization (3-5). Although these patients typically
do not show ventricular tachycardia or TdP, hypothyroidism
exacerbates the arrhythmogenic risk in BrS, especially in those
with SCNSA mutations. These mutations, coupled with thy-
roid conditions such as thyrotoxicosis (18) or hypothyroidism
(19), increase the likelihood of ventricular arrhythmias in this
high-risk group. Thus, thyroid states can crucially influence
SCNSA function, heightening the arrhythmogenic potential
in BrS patients.

Ventricular tachycardia is an uncommon but significant
complication of severe hypothyroidism, emphasizing the
need for endocrinologists to recognize this critical association.
Prompt treatment of the underlying hypothyroid condition is
essential for managing these arrhythmias. Furthermore, endo-
crinologists should routinely evaluate thyroid function in pa-
tients with suspected or established BrS or presenting with
long QT/PMVT, given the potential impact of hypothyroid-
ism on SCNSA gene expression and its arrhythmogenic
consequences.

Learning Points

e Ventricular tachycardia is an uncommon yet severe
condition that may occur in cases of uncontrolled
hypothyroidism.

¢ Prompt treatment of the underlying hypothyroidism is the
key to alleviate arrhythmias.

e Health care practitioners should regularly screen for thy-
roid issues in patients with BrS or prolonged QT/PMVT,
as imbalances in thyroid hormones can impact SCNSA
gene function, increasing the risk of arrhythmias.

Acknowledgments

We acknowledge our patient and her family who gave consent
for this case report.



Contributors

All authors made individual contributions to authorship. S.C.
and E.O. were involved in the diagnosis of the patient and
manuscript submission. J.S., A.B., and R.S. were involved in
management of the management of patient and preparation
of the manuscript. All authors reviewed and approved the fi-
nal draft.

Funding

This paper has been supported in part by the William
Friedman Fellowship Award.

Disclosures

None declared.

Informed Patient Consent for Publication

Signed informed consent obtained directly from the patient’s
relatives or guardians.

Data Availability Statement

Original data generated and analyzed for this case report are
included in this published article.

References

1. Udovcic M, Pena RH, Patham B, Tabatabai L, Kansara A.
Hypothyroidism and the heart. Methodist Debakey Cardiovasc .
2017;13(2):55-59.

2. Grais IM, Sowers JR. Thyroid and the heart. Am ] Med.
2014;127(8):691-698.

3. Taira K, Fujino A, Watanabe T, Ogyu A, Ashikawa K, Shimizu W.
Brugada-type electrocardiogram in a patient with hypothyroidism.
J Cardiol Cases. 201052(3):e147-¢150.

4. Zhao YH, Zhang JY, Xu Y, Zhang XY. Hypothyroid patient with
Brugada electrocardiographic waveforms: case report. Pacing Clin
Electrophysiol. 2012;35(8):e222-e225.

S. Kitahara A, Hirai R, Matsui Y, Ikeda Y, Nakamura H. A case of
hypothyroidism with brugada electrocardiographic waveforms.
Endocr J. 2008;55(3):589-594.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

JCEM Case Reports, 2024, Vol. 2, No. 7

Priori SG, Wilde AA, Horie M, et al. HRS/EHRA/APHRS expert
consensus statement on the diagnosis and management of patients
with inherited primary arrhythmia syndromes: document endorsed
by HRS, EHRA, and APHRS in May 2013 and by ACCF, AHA,
PACES, and AEPC in June 2013. Heart Rhythm. 2013;10(12):
1932-1963.

Kahaly GJ, Dillmann WH. Thyroid hormone action in the heart.
Endocr Rev. 2005;26(5):704-728.

Kannan L, Kotus-Bart J, Amanullah A. Prevalence of cardiac ar-
rhythmias in hypothyroid and euthyroid patients. Horm Metab
Res. 2017;49(6):430-433.

Mohan-Goyal B, Kant-Yadav V, Jhanwar S, Patel S, Kaushik A.
Severe primary hypothyroidism presenting as polymorphic ven-
tricular tachycardia. Revista Colomb Cardiologia. 2023;29(94):
34-37.

Shojaie M, Eshraghian A. Primary hypothyroidism presenting with
Torsades de pointes type tachycardia: a case report. Cases J.
2008;1(1):298.

Kandan SR, Saha M. Severe primary hypothyroidism presenting
with Torsades de pointes. Case Rep. 2012;2012:bcr1220115306.
Surks MI, Ocampo E. Subclinical thyroid disease. Am | Med.
1996;100(2):217-223.

Al-Khatib SM, Stevenson WG, Ackerman M]J, et al. 2017 AHA/
ACC/HRS guideline for management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death: executive
summary. Circulation. 2018;138(13):e210-e271.

Makita N. Phenotypic overlap of cardiac sodium channelopathies:
individual-specific or mutation-specific? Circ J. 2009;73(5):810-817.
Remme CA, Wilde AA, Bezzina CR. Cardiac sodium channel over-
lap syndromes: different faces of SCNSA mutations. Trends
Cardiovasc Med. 2008;18(3):78-87.

Li W, Yin L, Shen C, Hu K, Ge ], Sun A. SCNSA variants: associ-
ation with cardiac disorders. Front Physiol. 2018;9:1372.

Ciconte G, Monasky MM, Santinelli V, et al. Brugada syndrome
genetics is associated with phenotype severity. Eur Heart ].
2021;42(11):1082-1090.

Stawiarski K, Clarke J-RD, Pollack A, Winslow R, Majumdar S.
Ventricular fibrillation in Graves disease reveals a rare SCNSA mu-
tation with W1191X variant associated with Brugada syndrome.
HeartRhythm Case Rep. 2021;7(2):95-99.

Yamane H, Seki M, Ikeda T, et al. An adolescent patient with sick
sinus syndrome complicated by hypothyroidism carrying an
SCNSA variant. Int Heart J. 2022;63(3):627-632.



	A Pediatric Case of Refractory Torsades de Pointes in Autoimmune Hypothyroidism
	Introduction
	Case Presentation
	Diagnostic Assessment
	Treatment
	Outcome and Follow-up
	Discussion
	Learning Points
	Acknowledgments
	Contributors
	Funding
	Disclosures
	Informed Patient Consent for Publication
	Data Availability Statement
	References




