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High incidence of scintigraphic myocardial uptake
defects at rest and during exercise in male elite
runners

Abstract
Objective-To evaluate the usefulness of
perfusion
scintigraphy
myocardial
(MIBI-SPECT) as a diagnostic tool in
weli trained men.
Design-The study was prospective,
involving 2 d stress-rest myocardial
scintigraphy (MIBI-SPECT), polar map
reconstruction with and without uniform
attenuation correction, and comparison
with a healthy male group (local Swedish)
and with a commonly used reference
group (American, Emory University
Hospital).
Setting-University Hospital, Stockholm,
Sweden.
Subjects-16 healthy, male elite runners
(mean (SD) age 26-1 (3.1) years). Peak
oxygen uptake 73 (4) ml 02/kglmin.
Results-Uptake defects on polar maps
were found in the majority of the runners
compared with both reference groups
(local Swedish 13116, American 10/16).
Most defects (91%) were fixed. Defects
were located in the anterior, lateral, and
posterior regions of the left ventricle.
Application of a uniform attenuation correction algorithm enhanced rather than
reduced perfusion defect size, probably
because this correction method is imperfect in SPECT studies of the thoracic cavity.
Conclusions-If myocardial perfusion
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(SPECT) is a valuable diagnostic and prognostic tool in patients with suspected or
known ischaemic heart disease.3 The introduction of semiquantitative measurements of isotope uptake in the myocardium and
comparative studies with polar maps from
healthy reference groups has increased the
diagnostic power of cardiac SPECT and has
made it less prone to subjective influences.
SPECT measures relative myocardial blood
flow and can also measure blood flow disturbances in the myocardium from causes other
than coronary arteriosclerosis. Cardiac SPECT
using thallium-201 or technetium-99m (Tc99m) sestamibi can detect hibernating
myocardium, which is severely hypoperfused
and functionally impaired but metabolically
viable and will improve functionally after

revascularisation.

Heart: first published as 10.1136/hrt.77.3.252 on 1 March 1997. Downloaded from http://heart.bmj.com/ on August 14, 2022 by guest. Protected by copyright.

Frederic Bouvier, Mohsen Nejat, Bo Berglund, Lars-Ake Brodin, Lennart Jorfeldt,
Anders Juhlin-Dannfelt, Bengt Saltin, Mats Jensen-Urstad

Several studies have shown scintigraphic
perfusion defects in patients with angina pectoris and angiographically normal coronary
arteries (syndrome X) and in patients with
hypertrophic cardiomyopathy.47 Post myocarditic changes such as fibrotic areas can also
be detected with SPECT8-" and any regional
blood flow disturbances during acute myocarditis ought to be detectable.
SPECT thus has the potential of becoming
an important tool in evaluating young trained
patients with suspected heart disease. However, existing reference populations for semiquantitative (polar map) evaluation of
myocardial scintigraphic studies consist
mainly of older and relatively untrained men
and women. Relative distribution of isotope in
the myocardium may be different in young
well trained persons compared to older and
relatively untrained individuals.
We have therefore performed maximum
exercise stress and rest scintigraphy in a group
of healthy male elite runners and compared
semiquantitative scintigraphic data with a local
Swedish male reference group and a commonly used American (Emory University
Hospital) reference group.12

Ischaemic heart disease is a growing problem
in younger patient categories (< 40 years),
especially men. Even among young athletes
ischaemic heart disease is a reality, causing
14% of all sudden deaths among athletes less Methods
than 30 years old,' and it is the dominant SUBJECTS
cause of sudden death in older athletes.2 Sixteen healthy male middle and long distance
Among athletes under 30, hypertrophic cardio- runners competing at national or international
myopathy, myocarditis, arrhythmogenic right level and a reference group of 11 sedentary or
ventricular dysplasia (ARVD), and coronary moderately physically active men (local
vessel abnormalities are the major causes of Swedish) were studied. The pretest probability
for cardiac disease in either group based on
sudden death.1
Myocardial perfusion scintigraphy with sin- Bayesian principles was less than 5%.13 None
gle photon emission tomography technique of the subjects had any history of cardiac dis-
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Table 1 Physical characteristics
Runners, n = 16
Mean (SD)

Range

Mean (SD)

Range

26-1 (3-1)
178 (6 3)
65-2 (4-2)
181 (8)
73 0 (4 0)
20-5 (0-6)

22 to 33
169 to 187
56 to 73
158 to 197
68-1 to 84-9
19 3 to 21-5

42-5 (7-1) (P < 0-01)
179 (4-8) (NS)
80-2 (11-4) (P < 0-01)
167 (11)

27 to 49
174 to 187
60 to 100
149 to 187

25-1 (3 7) (P < 0-01)

18-5 to 32-3

VO2, oxygen consumption; BMI, body mass index.
ease. Data on age, body dimensions, and peak
pulmonary oxygen uptake (measured on
treadmill with Douglas bag technique two
weeks before scintigraphy) are presented in
table 1. Pathological myocardial hypertrophy
or valve disorders were excluded by echocardiography (table 2). The subjects were
informed of the possible risks before they gave
their consent to the studies. The experimental
protocol was approved by the institutional
ethics committee.

posterior oblique) and stored in 64 x 64
matrices. Acquisition time was 30 seconds per
projection for both stress and rest studies.
Semiquantitative evaluation was done using
the local Swedish reference group and the
American male (Emory University Hospital)
reference group.'2 Evaluation was made by
polar plots. Clustered defects on the polar
map of > 10 pixels and > 2-5 SD/pixel were
considered as significant. Reconstruction of
the polar maps was performed with and without attenuation correction according to

INVESTIGATIONS

Chang's method.'4

All subjects underwent graded bicycle ergometry in the sitting position, starting at 110 and
60 W for the athletes and the control group,
respectively, with a 20 W increase every
minute until exhaustion. A 12 channel ECG
was continuously recorded. At the end of exercise 500 MBq Tc-99m sestamibi (Cardiolite,
Du Pont, Massachusetts, USA) was injected
into an antecubital vein. Exercise was continued at least 90 seconds after injection. For
resting studies, subjects were injected with 700
MBq Tc-99m sestamibi; the interval between
resting and exercise studies was > 24 hours.
Stress and rest data were acquired 60 minutes
after injection of Tc-99m sestamibi. To minimise gall bladder activity, all subjects consumed a light fatty meal between the Tc-99m
sestamibi injection and imaging. Data were
acquired on a gamma camera (XT/C, General
Electric, Milwaukee, Wisconsin, USA) linked
to a General Electric Star 3200 computer. A
general purpose collimator was used and a
20% energy window was centred over the
140 keV photo peak. Projection data were collected at 32 angles over a semicircular 1800
orbit (450 right anterior oblique to 45° left

Echocardiographic measurements on the
(14 subjects, two analyses lost due to
technical problems) were acquired from standard projections (parasternal and apical positions) with the subjects in the left lateral
decubitus position using an Acuson XP 128
and a 2-5 MHz transducer. Measurements
were done from cross sectional guided M
mode registrations and with pulsed Doppler.
runners

STATISTICAL ANALYSIS

All data are expressed as mean (SD).
Student's unpaired and paired t test was used
when appropriate. A P value of < 0 05 was
considered significant.

Results
Body mass index (BMI) differed significantly
between runners and the local male reference
group (20-5 v 25-8 kg/M2; P < 0-001).
Maximum working capacity of runners
on bicycle ergometry averaged 407 (78-3) W
(range 290 to 530 W) or 6-2 (0 9) W/kg (range
4-5 to 8 W/kg). Corresponding values for the
local Swedish control group were 238 (72) W

Table 2 Echocardiographic data on elite runners

Subject
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Mean
SD

Heart rate

LVEDD
(mm)

LVESD

(beatslmin)
44
65
48
52
53
45
56
47
53
48
55
62
73
64
55
8-3

54
54
53
54
54
56
53
58
55
47
56
53
49
55
53-6
2-7

37
40
39
39
32
37
35
38
40
30
41
36
32
34
36-4

(mm)

3-3

LA

(mm)

26
34
32
33
34
38
30
31
32
35
32
28
24
37
31-9
3-8

Septum

(mm)
12

9
12
11
12
12
12
10
11
9
10
11

9
11

10-8
1-2

PW

(mm)

13
10
12
11
12
12
12
8
11
11
11
11
10
12
11 1
1-2

LVMI

(gim2 BSA)

EIA ratio

184
122
179
166
187
192
179
142
157
125
163
156
123
175
161
23-4

1-6
1-8
1-8
2-1
2-6
2-9
1-4
2-9
2-0
2-2
2-8
1-7
1.9
1-7
2-1

0.5

LVEDD, left ventricular end diastolic dimension; LVESD, left ventricular end systolic dimension; LA, left atrial dimension;
Septum, interventricular septal thickness; PW, left ventricular posterior wall thickness; LVMI, left ventricular mass index; g/m2
BSA, body surface area; E/A ratio, ratio of Doppler measured flows over the mitral valve during early versus late diastole.
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Age (years)
Height (cm)
Weight (kg)
Peak heart rate (beats/min)
Peak VO2 (mil/kg/min)
BMI (kg/M2)

Male controls (Swedish), n = 11
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Stress

Figure 1 Localisation of
uptake defects on bull's eye
plots during stress and rest
in 16 healthy male athletes
compared with the local
Swedish reference group.

Stress

Rest

Figure 2 Localisation of
uptake defects on bull's eye
plots during stress and rest
in 16 healthy male athletes
compared with the
American reference group
(Emory University
Hospital).

Discussion
In the present study healthy young runners
showed a high incidence of myocardial uptake
defects as measured by semiquantitative
SPECT when comparing the polar plots both
with a reference group of healthy males (local
Swedish) studied with the same gamma camera equipment and with a commonly used
American reference group. 12
Semiquantitative methods for interpretation
of myocardial SPECT with comparisons with
healthy reference groups have been introduced
to increase the diagnostic power and objectivity, especially in borderline cases, as compared
to visual analysis of tomograms. As the purpose of the study was to test the applicability
of semiquantitative SPECT for investigation
of healthy well trained athletes we did not
judge tomograms visually.
One explanation for the high frequency of
uptake defects on polar maps could be cardiac
disease. We did not perform coronary angio-

graphy and therefore we cannot exclude the
possibility of coronary artery disease. However, the pretest probability of coronary artery
disease in the group examined is low. It also
seems highly unlikely that the majority of a
group of well trained athletes, without any cardiac history, competing on high national or
international levels should suffer from
ischaemic heart disease.
Differences in regional myocardial microcirculation in young well trained individuals
compared to older and relatively less trained
persons could, at least theoretically, explain
the scintigraphic findings. However, no data
confirming this hypothesis in normally trained
persons or in animal studies seem to exist. On
the contrary, resting myocardial blood flow in
the left ventricle of healthy subjects is homogeneous as measured by PET.'8 Animal studies
using radiolabelled plastic microspheres show
only minor systematic differences in blood
flow to different regions of the left ventricle at
rest and during exercise.'920
Another explanation for the high incidence
of uptake defects could be differences in body
configuration between the runners in the present study and the reference material. The
runners had significantly lower BMI compared
with our male control group, which could
result in different attenuation relations
and different scintigraphic uptake patterns
between the two groups. Application of a uniform attenuation algorithm enhanced rather
than reduced uptake defects. This phenomenon could be due to the large variation of tissue
densities within the thorax (bone, blood, fat,
and air). Uniform attenuation correction
according to Chang's principle is based on the
occurrence of mainly homogeneous tissues
and cannot adequately correct for the large
variations of tissues and organs in the thoracic
cavity. Recently developed methods for nonuniform attenuation correction using simultaneous transmission-emission scanning seem
promising in order to reduce artefacts caused
by differences in body configuration between
subjects.2'
In conclusion, our data show that if myocardial perfusion scintigraphy with the SPECT
technique is used to evaluate well trained men,
existing normal reference files for semiquantitative evaluation appear to be inadequate.
This study was supported by grants from the Swedish Board of
Health and Welfare and by the Swedish National Centre for
Research in Sports.
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