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Echocardiography versus 2 0 1 Tl semi-quantitative
gated single photon emission tomography for the
evaluation of cardiac disease associated with late
stage Duchenne muscular dystrophy
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Objective: In Duchenne muscular dystrophy (DMD) patients cardiac abnormalities are often detected. In
adult DMD patients cardiac disease (CD) is a cause of death which increases by age and is related to
respiratory dysfunction. Studies have demonstrated that CD in early DMD can be detected by
echocardiography (EC) or semi-quantitative gated single photon emission tomography (201Tl SQGS), and
the accuracy of these two tests is similar. As the disease advances, evaluation of CD by EC becomes di cult
due to thoracic deformity and scoliosis. We compared 201Tl SQGS and EC in the evaluation of cardiac
function in late stage DMD, based on the ejection fraction (EF) value calculated by both tests. Twentythree males with late stage DMD, 12 to 35 years of age (22.2±7.5), were studied by 201Tl SQGS and EC. The
mean EF value by 201Tl SQGS was 60.8%±14.1%, which di ered from that obtained by EC (52.7%±9.8%,
P=0.003). Eleven patients less than 20 years old did not demonstrate a signi cant di erence between the
two tests (P=0.06), however, 12 patients over 20 years of age had signi cantly di erent results between
tests (P=0.002). Conclusion: Although our patients were few we indicated that in DMD patients, aged
older than 20 years, at an advanced stage of the disease, the EF values calculated by EC were lower than
those by 201Tl SQGS possibly due to thoracic deformity.
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D

uchenne muscular dystrophy (DMD) is an X-linked recessive skeletal and cardiac
myopathy, caused by dystrophin abnormalities, a protein in the sarcolemma [1].
Severe skeletal muscle weakness, starting at early childhood, is the most disabling symptom for these patients; however, dilated cardiomyopathy and heart failure
tend to be fatal symptoms even under well-controlled respiratory system management.
Previous studies have demonstrated that imaging techniques like echocardiography
(EC), nuclear medicine or magnetic resonance imaging (MRI) can successfully detect
pre-symptomatic cardiac dysfunction [2]. In the clinical setting, ECC is frequently used
because it is an easily applied and readily available technique. However, in late stage of
DMD, poor acoustic imaging windows due to thoracic changes and scoliosis make EC
di cult to apply. Alternative methods, such as cardiac MRI and nuclear medicine, have
been used in these patients [3, 4].
Nuclear medicine can be applied in cases of CD, testing both cardiac function and
perfusion [5-8]. Previous studies have shown that thallium-201 semi-quantitative gated
single photon emission tomography (201Tl SQGS) was useful for cardiac function evaluation in early-stage DMD patients in which no signi cant di erence between 201Tl SQGS
and EC was detected [9]. Studies comparing 201Tl SQGS and EC at the late stage of DMD
patients, however, to the best of our knowledge have not been reported.
In this paper, we aim to determine whether 201Tl SQGS can be used to evaluate cardiac
dysfunction at the late stage of DMD patients and whether there is a di erence between
201
Tl SQGS and EC in these patients.
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Patients and study design
We enrolled 23 wheelchair-bound DMD patients, aged 12 to 35 years (22.2±7.5), from
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the Department of Neurology, Neuro-Muscular Center,
National Omuta Hospital (Fukuoka prefecture, Japan) between January 2013 and August 2013. All patients underwent a full clinical examination and biochemical checks, including skeletal muscle biopsy and genetic testing. In each
patient, the diagnosis of DMD was con rmed by clinical ndings, the presence of elevated serum creatine kinase levels,
and muscular biopsy demonstrating dystrophin de ciency
by immunohistochemical stains. The patient's height, weight and cobb angle on a radiograph were measured and ejec201
tion fraction (EF) was calculated from the data taken by Tl
SQGS and EC.

Data collection
201
Ten minutes after 74MBq Tl Cl2 (Nihon Medi-Physics Co.,
Ltd., Japan) was injected intravenously, data were acquired
over 180° arc by a 2-head single photon emission tomography (SPET) camera (E.CAM, Siemens Medical Solutions,
USA) with cardiac collimators (64X64 matrix, 36 projections,
8 frames per cardiac cycle, 30s per projection). A zoom factor
of 1.45 was used. The pixel size was 3.3mm. Reconstruction
was performed with a Butterworth lter (cuto frequency,
0.6). For calculation we used commercially available software package: Cedars QGS.
EC data were calculated by modi ed Simpson's method
using Xario XG (Toshiba Medical Systems Co., Ltd., Japan) or
UF-8900 (Fukuda Denshi Co., Ltd., Japan).
To estimate left ventricular function, end-diastolic volume
(LVEDV), end-systolic volume (LVESV) and EF were used.
Normal EF values are more than 45% in 201Tl SQGS [10] and
55%-83% in EC.
Statistical analysis
Clinical data, including age, were expressed as mean (±SD).
Student's t-test was used for comparison between the left
ventricular parameter values of 201Tl SQGS and echocardiography. Spearman rank method was used for assessment of
correlation between degree of scoliosis and EF deference
among the two modalities. A P value of <0.05 was considered statistically signi cant. Software JMP pro 11 was used
for statistical analysis.

Results
Clinical data
Table 1 presents the patients' data and EF values calculated
201
by Tl SQGS and EC. The mean age, height and weight were
22.2±7.5 years, 153±9.0cm and 34±8.0kg, respectively. The
mean EF value was 60.8%±14.1% by 201Tl SQGS and 52.7%±
9.8% by EC.
Left ventricular function
Three of 23 patients had abnormal EF values in 201Tl SQGS
201
and 10 of 23 patients in EC respectively. All 3 patients in Tl
SQGS had decreased EF value in EC also. Four patients with
apparent dilated cardiomyopathy (DCM) had EF deceased
201
to 42.3%±5.9% in Tl SQGS and 33.5%±10.0% in EC.
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A comparison of mean EF values by Tl SQGS and EC is
shown in Figure 1. Thallium-201 SQGS yielded a higher
mean EF value than EC (P=0.003).
Table 1. Comparison of indications
Number

23

Age (year)

22.2±7.5

Height (cm)

153±9.0

Weight (kg)

34±8

Cobb angle (°)

35.2±23.0

201

Tl SQGS EF (%)
EC EF (%)

60.8±14.1
52.7±9.8

EF: Ejection fraction; EC: Echocardiography; 201Tl SQGS:
Thallium-201 quantitative gated SPET

Figure 1. The calculated EF of 201Tl SQGS and the corresponding EC EF among all
patients. *P<0.05 by Student's t-test.

The patients were divided into two groups, according to
201
their ages. The di erence between Tl SQGS and EC was
not signi cant in eleven patients aged less than 20 years old
(P=0.06), however this di erence was signi cant in twelve
patients over 20 years old (P=0.002) (Figure 2). Details of the
data for the two groups are given in Table 2.
In terms of left ventricular volume, LVEDV was similar in
201
201
Tl SQGS and EC but LVESV was signi cantly lower in Tl
SQGS than in EC. The data are shown in Table 3.

Correlation between the degree of scoliosis and EF
deference among the two modalities
In our study, all patients had scoliosis (cobb angle >10°).
There was moderate correlation between the degree of
scoliosis and EF deference (r=0.57, P=0.004).

Discussion
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Table 2. Comparison of the two groups divided by age
Group A

Group B

Number

11

12

Age (year)

15.2±2.4

28.3±5.6

Height (cm)

153.2±8.1

152.4±10.3

Weight (kg)

38.8±9.7

29.5±2.7

61.9±9.4

59.8±18.3

58.4±6.2

47.5±10.2

201

Tl SQGS EF (%)
EC EF (%)

EF: Ejection fraction; EC: Echocardiography; 201Tl SQGS:
Thallium-201 quantitative gated SPET. Group A: patients less
than 20 years old; Group B: patients over 20 years old

Figure 2. (A) The calculated EF of 201Tl SQGS and corresponding EC EF among
patients less than 20 years old. (B) The calculated EF of 201Tl SQGS and corresponding EC EF among patients over 20 years old. *P<0.05 by Student'st-test.
Table 3. Comparison of left ventricular volume parameters
SQGS

EC

P value

diastolic volume
(EDV or LVDd)
(ml)

45.7±18.3

41.4±5.0

0.17

systolic volume
(ESV or LVDs)
(ml)

19.9±14.7

30.3±4.7

0.003*

EC: Echocardiography; 201Tl SQGS: Thallium 201 quantitative
gated SPET, EDV: end-diastolic volume; ESV: end-systolic
volume; LVDd: left ventricular diameter diastolic LVDs: left
ventricular diameter systolic (LVDs)

Patients with DMD often start demonstrating cardiac abnormalities at 10-20 years of age [11]. Dystrophin, which is
mutated in DMD patients, plays an important role in myocyte integrity as a component of membranous sca olding,
ion channels, and neurotransmitter receptors, and therefore
chronic progressive myocyte death and brinous tissue
replacement have been detected in both skeletal and
cardiac muscle of DMD patients. Early detection and management of cardiomyopathy may be bene cial in delaying
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progression, and therefore biochemical and imaging approaches have been designed. While EC is still the standard
diagnostic modality for cardiomyopathy in DMD patients,
its evaluation is hindered by narrow EC acoustic windows
due to scoliosis [12-14]. In general, ambulatory DMD patients do not develop scoliosis but most of them, (85%-90%)
develop scoliosis only during the late wheelchair-dependent phase [15].
201
Ejection fraction estimation with Tl-chlodide, despite
low administered activity, has been reported to produce results equally reliable with 99mTc-tracers for EF calculation [16].
Earlier research demonstrated that in younger DMD pa201
tients (3 to 14 years old), the e cacy of EC and Tl QGS was
similar for the evaluation of EF [9]. Our results, although in a
small number of patients, also indicated that patients younger than 20 years old did not show signi cant di erences of
EF between EC and 201Tl SQGS. The EF values obtained by
201
Tl SQGS were higher than EF values obtained by EC in late
stage of DMD patients, aged older than 20 years. Seven
group B patients who had left ventricular dysfunction with
EC had normal function with 201Tl SQGS. The EF deference
was supposed to arise from the gap of end systolic volume
among the two modalities.
All patients in this study had an electrocardiogram (ECG)
at enrollment. Although 7 younger patients (aged 12 to 18)
had normal ECG ndings, the others had some ECG abnormalities commonly seen in DMD patients, for example right
axis deviation, incomplete right bundle branch block, prominent Q wave and so on. But having in mind that a previous
study showed no di erence between ECG ndings in patients with DMD, with DCM and without DCM, we thought
that the ECG abnormalities were not related to left ventricular function evaluation [17].
In this preliminary work we did not study whether EC or
201
Tl SQGS estimated better the patient's true cardiac function. We suspect that thoracic changes make EC hard to perform, and therefore EC underestimates cardiac function. The
moderate correlation between the degree of scoliosis and
di erences in EF supports this hypothesis.
Our results must be con rmed by further studies involving a larger number of DMD patients in which MRI and left
ventriculography may also be used.
In conclusion, our preliminary results although in a small
number of ambulatory DMD patients in an advanced stage
of the disease indicated that such patients aged more than
20 years had lower EF values measured by EC than by 201Tl
SQGS which is perhaps due to the thoracic deformities of
these patients.
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Interior design of Qavam House or Naranjestan, a 19th century residence which is called: Place of
Oranges, Iran.
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