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KEY TEACHING POINTS

� Exercise-induced QTc prolongation, or exercise-
induced long QT (LQT), is a recently described
condition that can be mistaken for long QT
syndrome (LQTS) if a careful evaluation, including
detraining and retraining, is not performed.
Following a period of detraining, individuals with
exercise-induced LQT had a normalization of their
QTc interval, which persisted in our cases even after
resuming physical activity.

� This acquired form of QTc prolongation is a
diagnosis of exclusion and should include
assessments provided by a multidisciplinary
cardiogenetics team.

� While missing a diagnosis of LQTS can have severe
consequences, a misdiagnosis of LQTS rather than
exercise-induced LQT can have a profoundly adverse
impact on the patient and their family, especially in
the setting of military service.
Introduction
Exercise is often seen as a voluntary activity with physical
and mental health benefits. However, for military service
members exercise is a required component of military service
to ensure service members are prepared to meet the physical
demands of their missions.1 The prevalence of corrected QT
interval (QTc) prolongation among highly athletic individ-
uals has been shown to be elevated over the general popula-
tion.2–4 An international consensus statement has set the
prolonged QTc cut-off as �470 ms for male athletes and as
�480 ms for female athletes, but they acknowledge that 1
electrocardiogram (ECG) with a prolonged QTc warrants
further evaluation, such as repeat ECG, consideration of per-
sonal and family history, and in some cases additional cardiac
or genetic testing, before a diagnosis of long QT syndrome
(LQTS) is made.5 The importance of a follow-up evaluation
for QTc prolongation was further demonstrated by a recent
study fromDagradi and colleagues,6 which identified a group
of athletes with an acquired form of exercise-induced long
QT (LQT). Individuals with exercise-induced LQT presented
with QTc prolongation but showed a significant reduction in
their QTc after a 3- to 6-month detraining period compared to
individuals with genotypically or clinically confirmed
LQTS.6 A separate case report of a young female athlete
observed this same pattern of QTc normalization following
a 4-month detraining period.7 Cases of exercise-induced
LQT have also been noted to contribute to the misdiagnosis
of LQTS.8

Herein we report 3 additional cases of exercise-induced
LQT among military service members who underwent exten-
sive cardiac evaluations with a period of exercise cessation.
KEYWORDS QTc prolongation; Long QT syndrome; Exercise; Detraining;
Acquired; Cardiogenetics
(Heart Rhythm Case Reports 2023;9:759–763)

Address reprint requests and correspondence: Mrs Austin Pagani, Uni-
formed Services University of the Health Sciences, 4301 Jones Bridge Rd,
Bethesda, MD 20814. E-mail address: austin.pagani.ctr@usuhs.edu.

2214-0271/© 2023 Heart Rhythm Society. Published by Elsevier Inc. This is an op
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4
Given that military service members are required to be highly
active, this population may be at an elevated risk for exercise-
induced LQT. Distinguishing between this acquired form of
QTc prolongation and congenital LQTS is important, as there
are military-specific repercussions that could arise from an
inappropriate diagnosis of LQTS.
Case reports
Case 1
An active 22-year-old male patient presented with an
abnormal electrocardiogram (ECG) indicating possible QT
prolongation on a screening physical examination required
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for entry into Special Forces training. The initial ECG had a
QTc of 495 ms by automated measurement, which was deter-
mined to be 480 ms by an electrophysiologist (Figure 1). He
reported 1 episode of syncope when he was 13 years old
where he got out of bed, felt a “head rush,” and then passed
out. His personal history was negative for any other cardiac-
related symptoms or events, and he was not taking any med-
ications at the time of the abnormal ECG. Prior to his initial
presentation in our clinic, the patient had a transthoracic
echocardiogram, which showed no structural abnormalities.
The patient’s maternal grandmother died at age 73 due to
heart failure, but there was no other reported family history
of cardiovascular disease, sudden cardiac death, or unex-
plained death in the family.

Genetic testing including a panel of 17 genes associated
with LQTS (AKAP9, ANK2, CACNA1C, CALM1, CALM2,
CALM3, CAV3, KCNE1, KCNE2, KCNH2, KCNJ2, KCNJ5,
KCNQ1, SCN4B, SCN5A, SNTA1, TRDN) was negative for
any pathogenic or likely pathogenic variants, but did identify
a variant of uncertain significance in CACNA1C (c.3210
G.C, p.Lys1070Asn). The CACNA1C gene is involved in
the formation of voltage-gated calcium channels. To help
interpret this variant, ECGs for all first-degree familymembers
were recommended and familial variant testing was offered to
family members with a prolonged QTc. The patient’s mother
and sister were the only first-degree relatives found to have a
QTc at the upper limit of normal (455 ms and 450 ms, respec-
tively), and they both tested negative for the variant of uncer-
tain significance in CACNA1C.

The patient also underwent placement of an implantable
loop recorder (ILR). Over the course of nearly 5 months,
no arrhythmias were observed from the ILR. During this
time the patient underwent a 1-month period of detraining
and his QTc reduced to 440 ms. When he resumed exercise,
consisting of 2–3 hours of swimming or running a day, his
QTc remained between 440 and 450 ms (Figure 1). Addition-
ally, he had a normal stress test with appropriate QT short-
ening and a recovery QTc that did not exceed 470 ms at 4
minutes. Since these evaluations in 2018, the patient has
not had any reported cardiac issues and has gone on to serve
in Special Forces.
Case 2
A previously healthy 20-year-old male patient presented with
an abnormal ECG suggestive of LQTS (QTc of 518 ms by
automated measurement and 486 ms by the electrophysiolo-
gist’s review) following a 36-hour athletic training competi-
tion (Figure 1). The ECG was performed as routine screening
for Special Forces training. At this time, he also had precor-
dial T-wave inversions. His personal history was negative for
any cardiac-related symptoms or events, and he was not tak-
ing any medications. He reported no family history of cardio-
vascular disease, sudden cardiac death, or unexplained death
in the family.

The patient underwent an extensive cardiac
workup, including cardiac magnetic resonance imaging and
transthoracic echocardiography, which showed no structural
abnormalities or scarring. He was noted to have mild left ven-
tricular and atrial enlargement that was considered consistent
with his elevated levels of physical activity. He had a normal
stress test with typical shortening of the QT, and ambulatory
monitoring was normal except for a single run of 4 beats of
nonsustained ventricular tachycardia. Genetic testing
including a panel of 16 genes associated with LQTS
(AKAP9, ANK2, CACNA1C, CALM1, CALM3, CAV3,
KCNE1, KCNE2, KCNH2, KCNJ2, KCNJ5, KCNQ1,
SCN4B, SCN5A, SNTA1, TRDN) was negative for any path-
ogenic variants.

Following the abnormal ECG, the patient entered a 6-
week period of detraining and his QTc shortened to 440–
450 ms. His QTc remained between 440 and 450 ms on sub-
sequent ECG recordings at 12 and 15 weeks post event,
although some T-wave inversions persisted. Given the lack
of family history and his largely normal cardiac workup
with negative genetic testing, the patient was allowed to re-
turn to physical activity, which consisted of swimming
2000 meters 3–4 times a week and running 35 miles each
week. Following the return to physical activity, his QTc
was 440 ms and he was released from follow-up without lim-
itations (Figure 1). Since these evaluations in 2021, the pa-
tient has not had any reported cardiac issues and is on
active duty in Special Forces.
Case 3
An active 21-year-old female patient presented with a pro-
longed QTc (automated measurement of 526 ms,
electrophysiologist-confirmed measurement of 475 ms) dur-
ing routine screening for aviation training (Figure 1). She had
been participating in 3–4 hours of daily exercise as an NCAA
Division 1 lacrosse player. Based on the prolonged QTc the
patient was started on propranolol and recommended to
significantly reduce her activity level. She had no prior
cardiac-related symptoms or events, and she was not taking
any medications at the time of the abnormal ECG. She re-
ported no family history of cardiovascular disease, sudden
cardiac death, or unexplained death in the family.

A repeat ECG while the patient was on propranolol pro-
duced a QTc of 410 ms. Genetic testing for LQTS (AKAP9,
ANIC2, CACNA1C, CALM1, CALM2, CALM3, CAV3,
KCNH2 (HERG), KCNE1, KCNE2, KCNJ2, KCNI5,
KCNQ1, SCN4B, SCN5A, SNTA1, TRDN) was negative for
any pathogenic variants. To assess for exercise-induced
LQT the patient discontinued propranolol, had an ILR placed,
and agreed to decondition for 2–3 months before reevaluation.
At her 2- and 3-month follow-ups the patient had a normal
QTc of 420–440 ms. She was noted to have inferior T-wave
inversions, but transthoracic echocardiography and cardiac
magnetic resonance imaging did not reveal any significant
structural issues. Her ILR did not detect any arrhythmias
even after she returned to daily exercise. Her QTc was 420
ms on an ECG post retraining and a final stress test showed
appropriate QT shortening with a recovery QTc that did not



Figure 1 Electrocardiograms from the initial presentation (a) and post retraining period (b) for each case. QTc measurements by electrophysiologist review:
Case 1: a: 480 ms; b: 440–450 ms. Case 2: a: 486 ms; b: 440 ms. Case 3: a: 475 ms; b: 420 ms. ECG 5 electrocardiogram.
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exceed 440 ms (Figure 1). Since these evaluations in 2019, the
patient has gone on to serve in the Navy as an aviator. A
follow-up ECG in 2022 demonstrated a QTc of 410 ms.
Discussion
These 3 cases support the finding by Dagradi and colleagues6

that exercise can induce a phenotype similar to LQTS, but in
individuals with exercise-induced LQT this phenotype is
reversible with detraining. The effects of detraining on
ECG normalization were apparent at as early as 4–8 weeks
in our cases, which is faster than previously reported.6,7

Further research is warranted, but this suggests exercise-
induced LQT evaluations may require as little as 1–2 months
of detraining, which shortens the diagnostic journey of pa-
tients with suspected exercise-induced LQT. Critically, we
did not observe a return of QTc prolongation among our pa-
tients after resumption of their demanding physical activity.
Given that resumption of symptoms has occurred in some
but not all cases of exercise-induced LQT, an individualized
approach to physical activity recommendations should be
considered until evidence-based management guidelines
are available.6 A proposed schedule of assessments to be
undertaken by a multidisciplinary cardiogenetics team is pro-
vided in Figure 2. The cost-benefit analysis of a comprehen-
sive evaluation in the military setting is reasonable
considering the resources invested in service members; how-
ever, further investigation into the financial trade-off associ-
ated with the proposed screening measures may be beneficial,
especially in the civilian setting.

Military service members, similar to elite athletes, consti-
tute a unique population where a diagnosis of LQTS can
impact not only their management, but also their career.
While missing a diagnosis of LQTS could lead to fatal con-
sequences, an inappropriate diagnosis of congenital LQTS
rather than exercise-induced LQT could prevent an individ-
ual from joining the military or cause an active-duty service
member to be discharged from service with or without bene-
fits.9,10 Further, patients and their families may receive inap-
propriate management, including recommendations for
medication use and ECG screenings for first-degree family
members, if exercise-induced LQT is not considered. A diag-
nosis of LQTS can also have a profound psychological
impact on an individual, especially if that diagnosis
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Figure 2 Schedule of proposed assessments by a multidisciplinary cardiogenetics team in the evaluation of exercise-induced long QT. 1Genetic counseling and
genetic testing should be targeted to a panel of genes associated with long QT syndrome unless there is additional personal or family history to consider. 2During
the detraining period exercise should not be performed; during the retraining period, which should only be implemented if the electrocardiogram after detraining is
normal, physical activity should be resumed to the same level as before detraining. ECG 5 electrocardiogram; LQT 5 long QT; LQTS 5 long QT syndrome;
QTc 5 corrected QT interval.
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challenges a piece of their identity or affects their typical
coping strategies, which may involve physical activity.11

The prevalence of exercise-induced LQT was 16.6%
(33/199) in the original population of athletes from Dagra-
di’s study who were referred with a LQTS phenotype.6

Within a study of Swiss military conscripts, the frequency
of males with QT prolongation (QTc greater than 450 ms)
was found to be 0.5% (224/40,760).12 If these statistics are
applied to the current U.S. military there would be more
than 1000 active service members with a prolonged QTc
that could be incorrectly assumed to have LQTS. A recent
review of the Mayo Clinic experience comprising 1841
patients referred for evaluation of LQTS found misdiag-
nosis in 16%, highlighting the need for exclusion of con-
founding conditions before making this diagnosis.8

Awareness of exercise-induced LQT among military
healthcare professionals is thus essential, as there are a
significant amount of service members that could be
affected by an inappropriate diagnosis of LQTS.
Conclusion
Exercise-induced LQT is a recently described phenomenon
among highly athletic individuals. This is the first case report,
to our knowledge, that identified several cases of exercise-
induced LQT in military service members. The QTc prolon-
gation observed in these cases resolved with as little as 1–2
months of detraining and symptoms were not found to return
even after resumption of physical activity. Provider knowl-
edge and appropriate assessment of exercise-induced LQT
is necessary to reduce inaccurate diagnoses of LQTS and pre-
vent unwarranted disturbances to a military service member’s
management, psychological health, and ability to serve.
Critically, we only reached a diagnosis of exercise-induced
QT prolongation after a lengthy, multidisciplinary evaluation
with the full participation of the subject. QTc prolongation in
athletes should be presumed to be pathologic. Although ge-
netic testing in LQTS is an absolute requirement in this
workup, a negative result is not sufficient in itself to exclude
a potentially life-threatening condition. Repeated evaluation
by the multidisciplinary team over a period of months is
essential to reach this diagnosis of exclusion.
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