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Abstract
Objective-In some athletes with a
substantial increase in left ventricular
wall thickness, it may be difficult to distinguish with certainty physiological
hypertrophy due to athletic training
from hypertrophic cardiomyopathy. The
purpose of the present investigation was
to determine whether assessment of left
ventricular filling could differentiate between these two conditions.
Design-Doppler echocardiography
was used to obtain transmitral flow
velocity waveforms from which indices
of left ventricular diastolic filling were
measured. Normal values were from 35
previously studied control subjects.
Setting-Athletes were selected mostly
from the Institute of Sports Science
(Rome, Italy), and patients with hypertrophic cardiomyopathy were studied
at the National Institutes of Health
(Bethesda, Maryland).
Participants-The athlete group comprised 16 young competitive athletes
with an increase in left ventricular wall
thickness (range 13-16 mm; mean 14).
For comparison, 12 symptom free
patients with non-obstructive hypertrophic cardiomyopathy were selected
because their ages and degree of hypertrophy were similar to those of the
athletes.
Results-In the athlete group, values
for deceleration of flow velocity in early
diastole, peak early and late diastolic flow
velocities, and their ratio were not significantly different from those obtained in
untrained normal subjects; furthermore,
Doppler diastolic indices were normal in
each of the 16 athletes. Conversely, in
patients with hypertrophic cardiomyopathy, mean values for Doppler diastolic
indices were significantly different from
both normal subjects and athletics
(p = 0-01 to 0 003), and one or more
indices were abnormal in 10 (83%) of the
12 patients.
echocardioConclusions-Doppler
graphic indices of left ventricular filling
may aid in distinguishing between pronounced physiological hypertrophy due
to athletic training and pathological
hypertrophy associated with hypertrophic cardiomyopathy.

(Br Heart J 1992;68:296-300)

Athletic training is often associated with a
modest increase in left ventricular cavity size
during diastole, ventral wall, wall thickness,
and mass.''0 Some athletes, however, may
show considerable increase in left ventricular
wall thickness.9 In such athletes, the presence
of primary pathological hypertrophy due to
hypertrophic cardiomyopathy may be difficult
to exclude on a morphological basis alone." 12
Pulsed Doppler echocardiography has been
used extensively to assess left ventricular diastolic filling in normal subjects and in patients
with various cardiac diseases'o20 including
hypertrophic cardiomyopathy. Although
previous studies have shown normal diastolic
filling patterns in athletes with normal or mild
left ventricular wall thickening,2"25 Doppler
echocardiography has not been used to clarify
the differential diagnosis between pronounced
physiological hypertrophy due to athletic
training ("athlete's heart") and hypertrophic
cardiomyopathy. The present investigation
applies Doppler indices of left ventricular
diastolic filling to this clinical problem.

Methods
STUDY POPULATIONS

Our study population comprised 16 highly
trained competitive athletes selected because
of a considerable increase in left ventricular
wall thickness (> 13 mm). Fourteen were
selected from a large group of elite Italian
athletes who were all members of national
teams and were evaluated at the Institute of.
Sports Science (Rome, Italy) between 1986
and 1988, as part of a mandatory annual
medical evaluation.9 The other two athletes
were selected from a group of competitive
collegiate athletes at the University of
Maryland, 1984-5.26 These 16 athletes participated in rowing (11), canoeing (two),
cycling (one), football (one), and running
(one). Ages ranged from 18 to 26 (mean 22);
all were men. Each athlete had normal blood
pressure at the time of the evaluation, and
none had a history of systemic hypertension
or a family history of sudden cardiac death or

hypertrophic cardiomyopathy.
Twelve patients with hypertrophic cardiomyopathy were also included. These
patients were selected so that they would
closely resemble the athletes in the study, by
meeting the criteria: (a) comparatively mild
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ECHOCARDIOGRAPHY

Echocardiographic studies were carried out
with an Advanced Technology Laboratory
Mark 500 mechanical sector scanner or a
Hewlett Packard 77020AC phased array sector scanner with a 2 5 or 3-5 mHz transducer.
Images were obtained in multiple cross sectional planes by standard transducer positions.28 Magnitude and distribution of left
ventricular hypertrophy were assessed from
the cross sectional echocardiogram by previously described methods."
M mode echocardiograms were derived
from the cross sectional images under direct
anatomical view and recorded on a strip chart
at 50 mm/s paper speed. Measurements of
cardiac dimensions were taken from the
M mode echocardiogram according to the
recommendations of the American Society of

Echocardiography.29
DOPPLER ECHOCARDIOGRAPHY

Each subject was examined in the left lateral
decubitus position by Doppler echocardiography with the transducer at or slightly to
the left of the apical impulse. The transducer
was orientated to get an apical four chamber
Table I Diastolic Doppler indices of left ventricularfilling in competitive athletes with
left ventricular hypertrophy, patients with non-obstructive hypertrophic
cardiomyopathy (HCM), and untrained normal subjects (mean (SD))
Untrained
normal controls
No of subjects

Age (y)
RR interval (ms)
EF slope (cm/S2)
Peak E (cm/s)
Peak A (cm/s)
E:A ratio

35
22
1078
55
69
27
27

(2)
(148)
(12)

(11)
(6)
(0-8)

Athletes

HCM

16
22
208
51
69

12
23
1038
39
59

(3)
(158)t

(8)*
(11)*

30 (9)
2 4 (0 6)*

37
1 7

(6)
(174)

(18)4
(14)4
(13)4
(0 6)4

*p = 0 04-0 005, athletes v HCM; tp = 0 01, athletes v HCM and controls; tp = 0-01 to
0-0003, HCM v controls.
EF slope, rate of deceleration of flow velocity in early diastole; Peak E, peak flow velocity in early
diastole; Peak A, peak flow velocity in late diastole; E:A ratio, ratio of early to late peak flow

velocity.

view of the heart that provided a good visualisation of the left ventricular cavity and
maximal movement of the mitral valve leaflets.
The Doppler cursor line was then positioned
through a plane orientated perpendicularly to
the mitral annulus and crossing the left ventricle from apex to centre of the anulus. Care
was taken to minimise the angle between the
presumed direction of diastolic transmitral
blood flow and the ultrasound beam (cursor);
this angle was estimated to be less than 20
degrees in each subject. The Doppler sample
volume was positioned in the inflow area of the
left ventricle between the mitral leaflets to
maximise the peaks of diastolic flow velocity
with the best graphic quality of the waveforms; the highest diastolic velocities were
usually identified within the left ventricular
cavity about 1 cm below the mitral anulus.
Doppler waveforms were recorded on a
strip chart at 100 mm/s paper speed. In each
subject, three cardiac cycles with the most
clearly defined flow velocity waveforms and the
highest early diastolic peaks of flow velocity
were selected for analysis.'5 Left ventricular
diastolic flow velocity waveforms from three
cardiac cycles were measured and values
averaged for the Doppler diastolic indices: (a)
early diastolic peak flow velocity, measured as
the height of the early peak of flow velocity
(E); (b) rate of decrease (deceleration) of flow
velocity in early diastole (EF slope); (c) late
diastolic peak flow velocity, measured as the
height of the late (atrial) peak of flow velocity
(A); and (d) the ratio of the early to late peaks
of flow velocity (E/A). These Doppler diastolic
indices have already been shown to have satisfactory reproducibility.30
STATISTICAL ANALYSIS

Data are expressed as mean (SD). Differences
in Doppler indices of diastolic filling among
athletes, patients with hypertrophic cardiomyopathy, and normal controls were assessed
by analysis of variance. Comparisons between
two groups of subjects were tested with the
unpaired Student's t test. In individual
subjects, any given Doppler diastolic index
was considered abnormal when not within the
95% confidence intervals (95% CIs) of normal
values.'5 Upper and lower normal 95% CIs
for the Doppler diastolic indices had been
calculated from the one tail of the Student's t
test distribution as mean + (1684 x SD),
and mean - (1-684 x SD).3' The transmitral
waveform in each patient with hypertrophic
cardiomyopathy (or athlete) was considered
abnormal if the value for one or more of the
Doppler indices of diastolic filling was outside
this 95% CI.

Results
DOPPLER DIASTOLIC INDICES

Comparison of athletes and normal controls
In the athletes, mean values for deceleration of
early diastolic flow velocity, early and late
diastolic peak flow velocities, and the ratio of
early to late peaks were similar and did not differ
significantly from those of untrained, normal
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left ventricular hypertrophy (for patients with
hypertrophic cardiomyopathy)79 with maximum wall thickness < 18 mm; (b) < 30 years
of age; (c) symptom free; (d) absence of systolic anterior motion of the mitral valve and
haemodynamically significant mitral regurgitation; and (e) no history of athletic training.
Patients ranged in age from 11 to 30 (mean 23)
years, and three were younger than 18 (11, 16,
and 17); 10 (83%) were men. Genetic transmission of hypertrophic cardiomyopathy was
documented by clinical or echocardiographic
findings in one or more relatives of nine of the
12 patients27; the relatives of the other three
patients did not undergo systematic echocardiographic studies. No patient was taking cardioactive drugs at the time of the study.
Systemic blood pressure was within normal
limits in each patient with hypertrophic cardiomyopathy.
Doppler echocardiographic findings in athletes and patients with hypertrophic cardiomyopathy were compared with values
taken in our laboratory from 35 untrained
normal subjects (mean age 22, range 19 to 29
years) without cardiovascular disease.'5
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(A) Waveforms of transmitralflow velocity taken with Doppler echocardiography in a sedentary 20 year old man
without cardiovascular disease; (B) an 18 year old highly trainedfootball player; (C) a sedentary 19 year old
symptom free patient with hypertrophic cardiomyopathy and relatively mild left ventricular hypertrophy. (A) Normal
diastolic waveform; deceleration offlow velocity in early diastole (EF slope) is rapid, and the height of early diastolic
peak offlow velocity (E) is more than twice that of late diastolic peak A. (B) Pattern of the transmitral flow velocity
waveform is similar to that of subject shown in panel (A). (C) Abnormal pattern of transmitralflow velocity;
deceleration offlow velocity in early diastole (EF slope) is decreased and the ratio of peak early (E) to peak late flow
velocity (A) is reduced. Each vertical division represents a 20 cm/s increment inflow velocity. Horizontal time line
divisions are 40 ms apart.

subjects (table 1). Also, individual subject
analysis showed that each index of diastolic
filling of the left ventricle was within the 95%
CI of the normal subjects in 15 of the 16
athletes (fig). The remaining athlete had only a
mild increase in both the early and late peak
flow velocities that were considered to occur as a
normal consequence of increased stroke
volume in this particular subject. Thus all 16
athletes had normal transmitral flow velocity
waveforms. Heart rate in athletes was slower
compared with normal controls (RR interval
1208 (158) v 1078 (148) ms, p < 0 1).
Comparison of patients with hypertrophic
cardiomyopathy and normal controls
In patients with hypertrophic cardiomyopathy,
mean values for each of the Doppler diastolic
indices measured were significantly different
from those in the untrained normal subjectsthat is, patients with hypertrophic cardiomyopathy showed decreased early peak flow
velocity, slowed deceleration of early diastolic
flow velocity, and increased late peak flow
velocity associated with atrial systole. Heart
rates in the two groups were not significantly
different (table 1). Furthermore, individual
patient analysis showed that indices of left
ventricular filling exceeded the 95% CI of the
untrained normal subjects in 10 (83%) ofthe 12
patients with hypertrophic cardiomyopathy
(fig). Of these 10 patients, three had one abnormal index, six had two abnormal indices, and
one had three abnormal indices. The abnormalities of diastolic filling that occurred in

patients with hypertrophic cardiomyopathy
included decrease in early diastolic peak flow
velocity ( < 49 cm/s) in five patients, reduced
deceleration of early diastolic flow velocity
(< 35 cm/s) in five patients, increased late diastolic peak flow velocity (<39 cm/s) in four
patients, and reduced ratio of early to late peak
flow velocities (< 1-7) in four patients.
Comparison of athletes and patients with
hypertrophic cardiomyopathy
In athletes mean values for deceleration of early
diastolic flow velocity, early peak flow velocity,
and the ratio of early to late peak velocities were
significantly different from those from patients
with hypertrophic cardiomyopathy (p < 0 05),
(table 1). Late diastolic peak flow velocity was
similar in athletes and patients (table 1).
CARDIAC DIMENSIONS

Athletes
In the 16 athletes, thickness of the ventricular
septum ranged from 13 to 16 (mean 14) mm
and thickness of the posterior free wall ranged
from 10 to 13 (mean 12) mm. Substantial
hypertrophy was confined to the ventricular
septum in 13 athletes, and involved both septum and contiguous anterior free wall in three.
The cavity dimension of the ventricle at end
diastole ranged from 47 to 63 (mean 58) mm
and was > 55 mm in 13 of the 16 athletes.

Hypertrophic cardiomyopathy
In the 12 patients with hypertrophic

car-

Table 2 Cardiac dimensions in competitive athletes with left ventricular hypertrophy and patients with hypertrophic

cardiomyopathy (HCM)

Age (y)
Ventricular septal thickness (mm)
Left ventricular posterior wall thickness (mm)
Left ventricular end diastolic cavity dimension (mm)

Athletes (n = 16)

HCM (n = 12)

Mean (SD) Range

Mean (SD) Range

p Value

11-30
13-18
7-13
38-56

NS
NS
<0 05
<0 001

22 (3)
14 (1)
12 (1)

58 (5)

18-26
13-16
10-13
47-63

23
15
11
45

(6)
(2)
(1)
(5)
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Discussion
Long-term athletic training is known to
produce physiological alterations in cardiac
morphology that have been commonly referred
to as the "athlete's heart".7 10 These changes
usually consist of a modest increase in either
cavity size of the left ventricle at diastole,
ventricular wall thickness, or both.1-10 A minority of highly trained athletes, however, may
show more substantial increases in thickness of
the left ventricular wall (up to 16 mm).9 On the
other hand, hypertrophic cardiomyopathy is
also characterised by increased thickness of the
left ventricular wall. Whereas most patients
with hypertrophic cardiomyopathy show a
pronounced increase in left ventricular wall
thickness of 20 mm or more, some patients
with this disease may have mild increases in
wall thickness of only 13-15 mm. 227 32 Hence,
individual athletes with substantial left ventricular wall thickening create a diagnostic
dilemma as it may be difficult to distinguish the
"athlete's heart" from hypertrophic cardiomyopathy with comparatively mild left ventricular hypertrophy. The importance of this
differential diagnosis becomes evident when
one considers that the "athlete's heart" is a
physiological condition not known to be associated with adverse pathological consequences, whereas hypertrophic cardiomyopathy seems to be the most common cause of
sudden death in young competitive athletes.'23
Several approaches have been suggested for
the differential diagnosis between pronounced
physiological hypertrophy and hypertrophic
cardiomyopathy in athletes. Firstly, if hypertrophic cardiomyopathy can be documented in
a relative of the athlete, this finding is strong
evidence for genetically transmitted hypertrophic cardiomyopathy; however, about 45%
of patients with hypertrophic cardiomyopathy
have no evidence of familial transmission of the
disease, and consequently a negative family
study in the athlete does not absolutely exclude
the possibility of hypertrophic cardiomyopathy.27 Secondly, as physiological left ventricular hypertrophy may show regression
within weeks after the end of training,735 a
period of planned deconditioning may induce a
decrease in wall thickness in selected athletes
that in turn would support the presence of
physiological hypertrophy.7 The small changes
in thickness of the wall of the left ventricle,

however, that are induced by deconditioning
may be difficult to identify reliably by echocardiography in the individual subject. Thirdly,
the assessment of absolute size of the left
ventricular cavity at end diastole may be useful
in this differential diagnosis; for example, a
small cavity (< 45 mm) would strongly suggest
hypertrophic cardiomyopathy, whereas a
cavity > 55 mm would favour the training effect
of the "athlete's heart".7 10 In our study, the
cavity dimension of the left ventricle at end
diastole was in fact greater in athletes compared
with patients with hypertrophic cardiomyopathy, although there was some overlap
between the two groups. It should be emphasised, however, that the athletes in the study
were mostly world class elite competitors who
were engaged in particularly vigorous training
programmes combining isotonic (endurance)
and isometric (power) exercise. As a consequence, such subjects could be expected to
have a larger left ventricular cavity than other
competitive athletes. Finally, the possibility
arises that absolute posterior wall thickness
may be helpful in distinguishing "athlete's
heart" from hypertrophic cardiomyopathy.
Indeed, in our study, the mean value for
thickness of the posterior free wall of the left
ventricle was slightly greater in the athlete
group than in patients with hypertrophic cardiomyopathy. The substantial overlap, however, between athletes and patients prohibits
the use of this variable to distinguish physiological hypertrophy from hypertrophic cardiomyopathy in individual athletes. Hence, all
the diagnostic approaches described have practical and methodological considerations that
limit their usefulness in differentiating
physiological from pathological wall thickening in individual athletes.
For these reasons, we considered the possibility that other non-invasive diagnostic tests
might aid in the differentiation of "athlete's
heart" from hypertrophic cardiomyopathy.
Doppler echocardiographic assessment of left
ventricular diastolic filling has been shown to be
abnormal in most symptom free, as well as
symptomatic, patients with hypertrophic cardiomyopathy,'5 and also in patients with
various other cardiac diseases.3 17 18 Therefore,
we chose Doppler echocardiography to compare left ventricular filling in competitive athletes who have considerable physiological
hypertrophy with symptom free patients who
have non-obstructive hypertrophic cardiornyopathy and mild pathological hypertrophy.
These two groups were intentionally selected
to be similar for wall thickness and age."6
Despite these similarities, each of the 16
athletes had a normal pattern of left ventricular
filling, whereas more than 80% of the patients
with hypertrophic cardiomyopathy had an
abnormal filling pattern. Therefore, an abnormal Doppler diastolic waveform in an athlete
with considerable left ventricular hypertrophy
would strongly suggest the presence of hypertrophic cardiomyopathy, whereas a normal
Doppler filling pattern does not exclude the
diagnosis of hypertrophic cardiomyopathy.'5 20
The athletes, as a group, had slightly slower
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diomyopathy, thickness of the ventricular septum ranged from 13 to 18 (mean 15) mm, and
did not differ from that in the athletes (table 2).
Thickness of the posterior free wall ranged
from 7 to 13 (mean 11) mm and was slightly
smaller than that in the athletes (p < 0 05)
(table 2). Left ventricular hypertrophy was
confined to the anterior ventricular septum in
eight patients and involved both the septum
and portions of the contiguous anterior free
wall in the remaining four. The cavity dimension of the left ventricle at end diastole ranged
from 38 to 56 mm and the mean value was
significantly smaller than that in the athletes (45
(5) v 58 (5) mm, p < 0-001).
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heart rates than either normal subjects or
patients with hypertrophic cardiomyopathy.
There is, however, no evidence suggesting that
such a modest difference in heart rate could have
accounted for the differences in early diastolic
peak flow velocity between these two groups.
Whereas alterations in the transmitral flow
velocity waveform have been reported to be
associated with increased heart rate, theste
changes were elicited under non-physiological
conditions (that is, with intracardiac or transoesophageal pacing)37 38 and may not be
applicable to the small differences in resting
heart rate found under physiological conditions
in our subjects. Moreover, these reported rate
related alterations in the transmitral waveform
consisted mostly of increases in the late diastolic flow velocity, by contrast with the differences in early flow velocity that we found
between athletes and patients with hyper-

