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The differentiation of physiological left ventricular hypertro-
phy (LVH) from hypertrophic cardiomyopathy (HCM) can
prove challenging for even the most experienced cardiolo-
gists. The case is presented of a 17 year old elite swimmer
who had electrocardiographic and echocardiographic fea-
tures that were highly suggestive of HCM. However, indices
of diastolic function were normal and cardiopulmonary
exercise testing revealed high peak oxygen consumption in
keeping with physiological LVH. To resolve the diagnostic
dilemma, the patient underwent detraining for eight weeks,
after which, there was complete resolution of the changes
seen on electrocardiogram and echocardiogram, indicating
physiological LVH rather than HCM.

S
udden cardiac death from hypertrophic cardiomyopathy
(HCM) is well recognised.1 2 The death of some high
profile athletes from HCM in the past few years has

galvanised some sporting authorities to implement cardio-
vascular screening in all recruits before selection. However,
cardiovascular adaptation to intense physical training itself
can cause significant left ventricular hypertrophy (LVH) that
may mimic HCM.3 4 A common and challenging scenario
involves the differentiation of physiological LVH (‘‘athlete’s
heart’’) from HCM.

CASE REPORT
A 17 year old elite male swimmer was referred with an
abnormal 12 lead electrocardiogram (ECG) during cardio-
vascular screening. The athlete trained for about 14 hours
and swam 16 miles a week. He was asymptomatic. There was
no history of illicit drug abuse or a family history of
premature sudden cardiac death. Blood pressure measured
110/70 mm Hg, and cardiovascular examination was normal.

The 12 lead ECG showed voltage criteria for left ventricular
hypertrophy and deep T wave inversions (.0.2 mV) in the
inferior and lateral leads (fig 1). A two dimensional
echocardiogram revealed significant concentric LVH with a
maximal left ventricular wall thickness of 14 mm. The left
ventricular cavity size was normal measuring 48 mm in end
diastole. Indices of systolic and diastolic functions were
normal (E wave 0.9 m/s; A wave 0.36 m/s; E/A 2.63; E
deceleration time 226 milliseconds). The valves and right
ventricle appeared normal.

The differential diagnosis was between HCM and athlete’s
heart. The distinction between the two entities is crucial as a
false diagnosis of HCM in an athlete calls for disqualification
from competitive sport, conversely a false diagnosis of
athlete’s heart could jeopardise a young life.

A cardiac magnetic resonance imaging scan excluded
apical HCM. A 12 lead ECG and echocardiography performed

on both parents and two siblings were normal. Although this
excluded familial HCM, it did not rule out the possibility of a
sporadic disease causing mutation.

During a cardiopulmonary exercise stress test, the athlete
achieved a peak oxygen consumption of 68 ml/kg/min (141%
of predicted). The blood pressure response to exercise was
normal with the systolic blood pressure rising from
110 mm Hg at rest to 180 mm Hg at peak exercise. A 48
hour Holter monitor failed to reveal any pathological
ventricular arrhythmias.

The athlete was persuaded to detrain for eight weeks, and
three cardiovascular evaluations were performed in the
interim, during which two consecutive ECGs revealed a
gradual but complete resolution of the T wave inversions
(fig 2). A subsequent echocardiogram showed regression of
LVH from 14 mm to 11 mm. The normalisation of the ECG
and echocardiographic abnormalities after detraining con-
firmed that the changes observed in our athlete reflected
extreme physiological adaptation to exercise, rather than
HCM. The patient has resumed training and continues to
compete at regional level.

DISCUSSION
The distinction between physiological LVH from HCM is
crucial, especially when one considers that HCM accounts for
approximately one third of all exercise related sudden cardiac
death in young athletes. Our athlete had some ECG and
echocardiographic features suggestive of HCM based on two
large studies performed in adolescent athletes. An ECG study
of 1000 highly trained adolescent athletes suggested that
deep T wave inversions (.0.2 mV), in any lead and even
minor T wave inversions in the lateral leads are generally
absent in adolescent athletes.5 An echocardiographic study of
720 athletes showed that LVH was present in 4% of
adolescent athletes. However, in terms of absolute values, a
wall thickness .12 mm was rare and present in just two
(,0.5%) athletes. Furthermore, adolescent athletes with a
LVH also had an enlarged left ventricular cavity size, with
measurements of 52–60 mm,6 whereas our athlete had a non-
dilated left ventricular cavity.

However, unlike patients with HCM, our athlete had
normal indices of diastolic function and a high peak oxygen
consumption, indicating that the LVH may be physiological.
Patients with HCM have low peak oxygen consumption
irrespective of symptoms.7 The mechanisms include impaired
myocardial relaxation and failure to augment stroke volume
effectively during exercise. On the other hand, elite athletes
have efficient left ventricular filling and can augment stroke
volume even at rapid heart rates. In general, a peak oxygen
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Figure 1 A 12 lead electrocardiogram from a 17 year old swimmer showing sinus rhythm with deep T wave inversion (.0.2 mV) in inferior and
lateral leads and isolated Sokolow voltage criterion for left ventricular hypertrophy.

Figure 2 A 12 lead electrocardiogram from the same athlete after detraining showing complete resolution of T wave inversions in inferior and lateral
leads.
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consumption of .50 ml/kg/min or .120% of that predicted
for age and size favours physiological LVH.8

In summary, our athlete had some objective evidence to
suggest the diagnosis of HCM and others to indicate athlete’s
heart. Given the persistence of diagnostic uncertainty and the
potential implications of a false diagnosis, he was persuaded
to detrain for a period of eight weeks, which resolved the
dilemma.

Detraining is a definitive method of differentiating
physiological LVH from HCM. It is well recognised that
physiological LVH in athletes regresses after a short period of
detraining.9 10 Unfortunately, most athletes who are striving
to achieve honours in competitive sport are not willing to
detrain, as it compromises fitness and may prove costly for
team selection. This case shows the importance of imple-
menting detraining to resolve diagnostic uncertainty in
adolescent athletes with ECG and echocardiographic features
suggestive of HCM. In the absence of routine availability of
genetic testing for HCM, detraining enables a correct
diagnosis and prevents subjective diagnostic errors with
potentially serious consequences.
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What is already known on this topic

N The presence of echocardiographic ventricular hyper-
trophy in an adolescent athlete in association with a
non-dilated left ventricular cavity size and deep T wave
inversions on the 12 lead ECG is highly suggestive of
hypertrophic cardiomyopathy

N Differentiation between physiological left ventricular
hypertrophy from athletic training and hypertrophic
cardiomyopathy is crucial as hypertrophic cardiomyo-
pathy is the most common cause of exercise related
sudden cardiac death in adolescent athletes

What this study adds

N This study exemplifies the role of detraining in
differentiating athlete’s heart from hypertrophic cardi-
omyopathy

N All athletes with left ventricular hypertrophy and deep T
wave inversions should be reassessed after a period of
detraining before erroneoulsy diagnosed as having
hypertrophic cardiomyopathy

. . . . . . . . . . . . . . COMMENTARY . . . . . . . . . . . . . .

This case study is important for two reasons. Firstly, it
reminds us of an inexpensive method for differentiating LVH
from HCM. Secondly, and probably most important, it shows
the potential costs of screening healthy asymptomatic
athletes with an ECG. All of us who treat athletes have seen
this ECG pattern, and this false positive ‘‘athlete’s heart’’
trace shows the potential cost of ECG screening for athletes
with no symptoms or risk factors. If 1% of athletes have a
trace like this, it would trigger 70 000 evaluations in US high
school athletes. The price tag for this in addition to the cost of
all 7 million ECGs is staggering. A good history and physical
examination searching for risk factors, as outlined in
Preparticipation physical evaluation (3rd edition; McGraw-Hill;
2005) is still the most cost effective approach for athletes and
their families to focus the evaluation on ‘‘case finding’’ for
potentially at risk athletes rather than ‘‘screening’’ all
athletes with a test that is neither sensitive nor specific.
Not to mention the ‘‘price’’ of the eight weeks of training lost
for this athlete.
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