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CLINICAL CASE
Congenital Long QT Syndrome
and Cardiac Arrest in a
Military Tactical Athlete
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We present a case of a U.S. marine who experienced cardiac arrest during military Special Forces underwater

diving exercises whose evaluation revealed congenital long QT syndrome. This case highlights the expanding role for

systematic electrocardiogram screening in target athletic and military populations given their stress and tactical

exposures. (Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep 2023;22:101990) © 2023 The Authors.

Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
HISTORY OF PRESENTATION

A 22-year-old, previously healthy, active-duty Ma-
rine was participating in routine Special Forces
daily swim training when she experienced sudden
lightheadedness and collapse. At the poolside, she
immediately received cardiopulmonary resuscitation
for 2 minutes and a single automated external
defibrillation (AED) with successful return of spon-
taneous circulation. AED interrogation (Figure 1)
revealed polymorphic ventricular tachycardia (VT).
Electrocardiogram (ECG) upon hospital presentation
demonstrated sinus rhythm with a QTc of 502 ms in
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the absence of any acquired causes for QT prolon-
gation (Figure 2) consistent with congenital long QT
syndrome (LQTS).

DIFFERENTIAL DIAGNOSIS

Differential diagnosis for polymorphic VT etiologies
include coronary ischemia, Purkinje-related poly-
morphic VT, torsades de pointes secondary to
congenital or acquired long QT syndrome, pseudo–
torsades de pointes, electrolyte abnormalities such
as hypomagnesemia or hypokalemia, Brugada syn-
drome, short QT syndrome, and catecholaminergic
polymorphic VT. Mimickers of polymorphic VT
include pre-excited atrial fibrillation, other supra-
ventricular tachycardias with aberrancy, and elec-
trocardiogram motion artifacts.

INVESTIGATIONS

AED interrogation revealed polymorphic VT consis-
tent with torsades de pointes in the setting of pro-
longed QT interval and exercise history. Family
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FIGURE 1 Automated Externa
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history was notable for a half-sister who
experienced unexplained cardiac arrest in
her 30s, early sudden deaths in 2 maternal
relatives, and a paternal aunt with an LQTS
diagnosis (Figure 3). There were no
electrolyte abnormalities, and urine drug
screening results were negative upon hos-
pital presentation. Transthoracic echocar-
diogram and cardiac magnetic resonance
demonstrated a structurally normal heart without
evidence of late gadolinium enhancement. Tread-
mill exercise testing revealed a pathologic QTc in-
crease to 560 ms during the fourth minute of
recovery (Figure 4) without evidence of exercise-
induced ischemia or ectopy. Genetic testing and
counseling identified a potassium voltage-gated
channel subfamily Q member 1 (KCNQ1) heterozy-
gous pathogenic variant with autosomal dominant
inheritance.

MANAGEMENT

The servicemember was diagnosed with congenital
long QT syndrome. She was initiated on beta-blocker
therapy and provided exercise restrictions, which
immediately disqualified her from continued Special
Forces activities and training. She received a sec-
ondary prevention implantable cardioverter-
defibrillator during the index hospitalization.

DISCUSSION

The history of combat diving started in World War II
based on developing needs to obtain tactical access to
strategic locations and conduct unconventional
clandestine warfare. Rigorous selection and training
programs were subsequently developed to produce
mission-capable divers for amphibious reconnais-
sance and water-borne operations.1

There is an increasing role for using electrocar-
diogram screening to identify tactical athletes and
military service members with potentially life-
l Defibrillation Interrogation Demonstrating Polymorphic Vent
threatening channelopathies and cardiomyopathies
before enrollment in strenuous training programs. In
a cohort of 4,095 U.S. Naval Academy midshipmen, 16
of 19 cardiac abnormalities with potential sudden
cardiac death (SCD) vulnerability were identified with
electrocardiogram screening in addition to the stan-
dard American Heart Association–recommended
approach (questionnaire and physical examination)
to cardiovascular screening.2 We propose that a
screening electrocardiogram would have identified
this patient’s LQTS diagnosis and potentially led to
exercise restrictions and occupational career guid-
ance changes.

Universal electrocardiogram screening currently
is not a component of the medical evaluation of
military applicants.3 Presently, there is a paucity of
cost-effectiveness data and available resources
needed to mandate continuous annual screening
programs with the prevalence of sudden death in
young athletes remaining low. Additionally, there is
a shortage of military physicians and cardiologists
available to read screening electrocardiograms.
Currently, there are efforts to initiate artificial in-
telligence algorithms to screen electrocardiograms
for the military population. The incidence of
borderline QTc prolongation detected by military
screening programs in unclear at this time, high-
lighting the role for development of further risk
stratification tools.

According to the Defense Medical Epidemiology
Database, the incidence of exertion-related SCD in
U.S. military service members is approximately 1.63
per 100,000 person-years and at least 3.84 per
100,000 person-years for those aged 35 years and
older.4 Though the overall incidence is low, it re-
mains the leading cause of nontraumatic death in the
U.S. military population. The incidence of SCD in
military recruits is comparable to or greater than the
rates observed collectively in National Collegiate
Athletic Association athletes.5 The most common
causes of sudden death in young athletes in U.S.
ricular Tachycardia



FIGURE 2 Electrocardiogram

Baseline electrocardiogram demonstrating a QTc of 502 ms with broad and symmetric T waves.

FIGURE 3 Family Pedigree

The patient’s family history was notable for a maternal half-sister who experienced unexplained cardiac arrest in her 30s, early sudden deaths in 2 maternal relatives,

and a paternal aunt with long QT syndrome. SCA ¼ sudden cardiac arrest.
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FIGURE 4 Exercise Electrocardiogram

Treadmill exercise testing demonstrating a pathologic QTc increase to 560 ms during the fourth minute of recovery without evidence of ventricular arrhythmias or

ischemia.
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athletes under the age of 35 years are hypertrophic
cardiomyopathy, followed by anomalous coronary
arteries. Inherited channelopathies constitute 3% of
SCDs.5

Congenital long QT syndrome is a heritable group
of channelopathies characterized by cardiac repolar-
ization abnormalities that persistently or intermit-
tently prolong the QTc on electrocardiogram and
increase the susceptibility for cardiac events,
including arrhythmogenic syncope, torsades de
pointes, and SCD. The 3 major autosomal dominant
LQTS genotypes are LQT1, LQT2, and LQT3, with LQT1
resulting from a loss-of-function allelic variant in
KCNQ1, which encodes the adrenergic-sensitive Iks
channel.6 The prevalence has been estimated to be
1:2,000, or 0.05%, with a slight female predomi-
nance.7 The symmetric and broad-based T-wave, long
QTc, and clinical history of this patient were consis-
tent with LQT1.

In this cohort of channelopathies, swimming is
an absolute contraindication given the heightened
drowning risk. In a study of 28 victims of swimming-
related drowning, 8 (28.6%) had allelic variants,
including 2 with KCNQ1 sequence alterations and 6
with RYR2 mutations. Nearly 30% of unexplained
drowning deaths referred for postmortem genetic
analysis carried a cardiac ion channel mutation.
Of the 28 individuals who drowned while swimming,
women were more likely to be mutation positive.8

FOLLOW-UP

Beta-blocker medical therapy was titrated to nadolol
80 mg daily. Cascade screening was recommended on
all first-degree relatives given that the proband has an
identified gene variant. There have been no recurrent
ventricular tachyarrhythmias or syncope.

CONCLUSIONS

This case of congenital LQTS in an active-duty
service member who experienced cardiac arrest
during an intensive swimming military training ex-
ercise highlights unique stressors and risks to the
tactical athletic and military populations. Screening
electrocardiograms are warranted for military
personnel and other tactical athletes to identify
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those at risk for SCD who will engage in high-risk
activities.
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