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INTRODUCTION

HYPERTROPHIC CARDIOMYOPATHY is an inherited disease
defined as a heart muscle disorder of unknown origin.1,2

Asymmetric septal hypertrophy (ASH) is the most fre-
quent type of ventricular muscle hypertrophy.3,4 Patho-
physiology of this disease is unclear.5,6 Disorganized
arrangement of cardiac muscle cells has been recognized
to be an important morphologic feature of the ventricular
architecture in this disease.7,8 Tc-99m tetrofosmin is a
widely used myocardial perfusion agent with advanta-
geous imaging characteristics. Once this tracer is taken up
by the myocardium, its clearance is relatively slow, and

redistribution does not occur for several hours.9,10 Its
accumulation and retention depend on cell membrane
and/or mitochondrial potentials indicating cell viability
and metabolically active cells.11–13 Thus, Tc-99m
tetrofosmin scintigraphy can be useful for evaluating
sarcolemmal and/or mitochondrial function as well as
perfusion abnormalities. The present study was performed
to evaluate the washout rate of Tc-99m tetrofosmin in
ASH. The presence or absence of abnormalities in the
washout rate of Tc-99m tetrofosmin can provide informa-
tion about sarcolemmal and/or mitochondrial damage
noninvasively.

MATERIALS AND METHODS

Subjects
The study group consisted of 18 patients with ASH (10
men and 8 women; 47 ± 12 yr) and 10 healthy subjects
(5 men and 5 women; 43 ± 7 yr). The diagnosis of
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hypertrophic cardiomyopathy (HCM) was made when
the patient had echocardiographic evidence of asymmet-
ric septal hypertrophy (septal/free wall thickness > 1.5/
1.0), a dynamic left ventricle outflow tract (LVOT) gradi-
ent and no apparent cause for the hypertrophy such as
aortic valvular stenosis or systemic hypertension.14 The
frequencies of dyspnea, angina pectoris and syncope were
recorded as symptoms and heart failure was classified
according to the New York Heart Association (NYHA)
classification.15 The control group consisted of healthy
subjects who had no significant stenosis on coronary
angiography. The physical findings of the controls were
normal. In addition, patients with underlying disease
possibly causing left ventricular hypertrophy were ex-
cluded from this study.

Echocardiography
Two-dimensional and Doppler echocardiographic ex-
aminations were performed with an Acuson Sequoia C
256 machine (Acuson Corporation, Mountain View, CA,
USA) with a 3.5 MHz transducer. Echocardiographic
images were obtained from the parasternal long axis,
short-axis, 4- and 2-apical chamber views with the patient
supine in the left lateral decubitis position. M-Mode meas-
urements were performed according to the criteria of the
American Society of Echocardiography.16

Tetrofosmin Imaging Protocol
Following an overnight fast, intravenous injection of
1,110 MBq (30 mCi) Tc-99m tetrofosmin was performed
at rest. Each subject was asked to drink a glass of milk 45
minutes after the injection to accelerate hepatobiliary
clearance. Tomographic images of each subject were
obtained 1 hour later (early images) and again 4 hours
later (delayed images). Tomography was acquired using
a rotating large field of view gamma camera (Starcam
4000i XR/T, GE) equipped with a low energy, all purpose
parallel hole collimator and connected to a dedicated
computer system. A 15% window centered at 140 keV

provided energy discrimination. Images were obtained
with 64 projections (25 sec/projection) over a semicircu-
lar 180 arch, which extended from the 45° right anterior
oblique to the left posterior oblique position. The data
were stored on a 64 × 64 matrix. Data processing was
performed on a nuclear medicine computer system
(Entegra, GE). After pre-processing with a Butterworth
filter, a series of contiguous transaxial images of one pixel
thickness (8.64 mm) were reconstructed using a filtered
back-projection algorithm without attenuation and scatter
correction. Using transaxial images, the short axis, verti-
cal long axis and horizontal long axis of the left ventricle
were re-oriented. The spatial resolution (FWHM) of the
system was 3.8 mm. For quantitative measurement of
tetrofosmin washout in the left ventricle, short-axis SPECT
images were divided into 5 segments (anterior, septal,
lateral, inferior wall and apex) at the base, middle and
apex in early and delayed images. The mean radioactivity
counts were measured in each segment by drawing re-
gions of interest (ROIs) on the corresponding segments of
4 short-axis images for both early and delayed scans (Fig.
1). In the anterior, septal, lateral and inferior wall, box
ROIs sized 9 × 9 pixels and in the apex, irregular ROI were
used. ROIs drawn on early images were then mirrored on

Fig. 1   Early and delayed short-axis SPECT images with regions of interest.

Table 1   Echocardiographic results of each group

Normal ASH p value

IVS (cm) 0.81 ± 0.28 2.14 ± 0.25 0.001
PW (cm) 0.88 ± 0.17 1.16 ± 0.22 0.002
LVEDD (cm) 4.85 ± 0.37 4.12 ± 0.44 0.001
LVESD (cm) 2.88 ± 0.48 2.55 ± 0.37 0.06
FS (%) 47.80 ± 11.91 41.22 ± 8.63 0.1
EF (%) 68.66 ± 9.91 68.25 ± 7.76 0.9

Values are expressed as mean ± SD. IVS = Interventricular
septal thickness, PW = Posterior wall thickness of left ven-
tricle, LVEDD = End-diastolic dimension of left ventricle,
LVESD = End-systolic dimension of left ventricle, FS =
Fractional shortening, EF = Ejection fraction.
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the delayed images. The mean radioactivity counts of
each segment in 4 short-axis images were averaged to
yield a single segmental value. Washout rate of Tc-99m
tetrofosmin was calculated for each segment using the
following formula: washout rate = (mean counts for the
initial image − mean counts of the delayed images)/mean
counts of the initial images.

Statistical Analysis
Data are presented as mean ± standard deviation. SPSS
PC for Windows version 10.0 was used for statistical
analysis. The data were checked for normal distribution.
Since the data were normally distributed, Student’s t-test
was used between groups. The relationship between wash-
out rates and echocardiographic findings was evaluated
by Pearson correlation test. A p value less than 0.05 was
considered statistically significant.

RESULTS

The echocardiographic results of the patients with ASH
and the control group are summarized in Table 1. In ASH,
the washout rates at all myocardial segments were signifi-
cantly increased compared to those of the normal con-
trols. Washout rates of apex, anterior, septal, lateral and
inferior walls were 0.34 ± 0.06, 0.37 ± 0.07, 0.36 ± 0.07,
0.33 ± 0.08, 0.33 ± 0.07 in ASH and 0.20 ± 0.05, 0.23 ±
0.05, 0.22 ± 0.03, 0.21 ± 0.03, 0.22 ± 0.03 in the normal
group, respectively (p < 0.05) (Fig. 2).

Eight of 18 patients were asymptomatic. Seven patients
suffered dyspnea and angina pectoris, whereas only two
patients had history of syncope. According to the NYHA
classification, 11 patients were in NYHA class I and 7
patients were in NYHA class II–III. The degree of Tc-
99m tetrofosmin washout of all segments was significantly
increased in patients with NYHA II–III compared to
patients with NYHA I (p < 0.05) (Table 2). The correla-

tion of washout and echocardiographic results is shown in
Table 3. There was a significant positive correlation
between the tetrofosmin washout and wall thicknesses of
interventricular septal and posterior walls. The mean FS
(%) and EF (%) were also found to be lower in ASH
patients than the mean normal value, but the difference
was not statistically significant (Table 1), and there were
no statistically significant correlation between tetrofosmin
washout and FS (%) − EF (%) (Table 3).

DISCUSSION

Tc-99m tetrofosmin is a lipophilic, cationic diphosphine
which has been developed for myocardial perfusion
imaging.17,19 Tc-99m tetrofosmin rapidly enters the myo-
cardial cells related to myocardial perfusion and me-
tabolism.11,17,18 Mechanisms of Tc-99m tetrofosmin
myocardial uptake have been studied by some authors
using different experimental models. According to some
of these studies mitochondrial membrane potential ap-
pears to play a major role in the myocardial uptake and
retention of Tc-99m tetrofosmin. Platts et al.20 studied the
mechanism of Tc-99m tetrofosmin uptake in isolated
adult rat heart. They found that Tc-99m tetrofosmin
uptake by myocytes occurs via metabolism-dependent
process that is not affected by cation channel inhibitors.
Younes et al.21 studied the mechanism of Tc-99m
tetrofosmin uptake into isolated rat heart mitochondria
and reported that the most likely mechanism for this is
mediated by potential-driven diffusion of the lipophilic
cation across the sarcolemmal and mitochondrial mem-
branes. Arbab et al.11 investigated the kinetics, cellular

Fig. 2   Comparison of washout rates at each segment of each
group. * p < 0.001 between control and ASH groups

Table 3   Correlation between tetrofosmin washout and
echocardiographic results

Correlation coefficient

IVS PW SVEDD SVESD FS EF

Anterior 0.72* 0.46** −0.29 −0.11 −0.35 −0.04
Septal 0.74* 0.56* −0.32 −0.21 −0.21 0.05
Lateral 0.64* 0.54* −0.26 −0.13 −0.29 −0.06
Inferior 0.61* 0.50* −0.27 −0.17 −0.23 0.03
Apex 0.73* 0.49* −0.23 −0.01 −0.32 −0.13

* Correlation is significant at the 0.01 level (2-tailed).
** Correlation is significant at the 0.05 level (2-tailed).

Table 2   Comparison of washout rates at each segment in
patients with NYHA I and II–III

NYHA I (n = 11) NYHA II–III (n = 7) p

Septal 0.32 ± 0.05 0.42 ± 0.05 0.001
Anterior 0.32 ± 0.05 0.44 ± 0.05 0.001
Lateral 0.29 ± 0.6 0.39 ± 0.08 0.02
Inferior 0.30 ± 0.07 0.38 ± 0.06 0.02
Apex 0.30 ± 0.04 0.40 ± 0.06 0.001

Apex

Inferior

Lateral

Septum

Anterior

181818181810101010

Controls

W
as

ho
ut

 r
at

e 
(M

ea
n 

+
/-

 S
D

)

ASH
10

.1

.2

.3

.4

.5

N =  

* *
* * *



Annals of Nuclear Medicine32 Gülgün Büyükdereli, Mehmet Kanadasi and Mustafa Kibar

uptake and intracellular distribution of Tc-99m tetrofosmin
in tumor cell lines and concluded that Tc-99m tetrofosmin
uptake depends on both cell membrane and mitochondrial
potentials. Few studies are available on washout rates of
Tc-99m tetrofosmin. Takahashi et al.22 and Hirata et al.23

reported increased washout rates in injured areas com-
pared to normal areas. In Hirata et al’s study increased
washout rates of Tc-99m tetrofosmin in patients with
acute myocardial infarction tended to disappear after
successful reperfusion therapy 1–6 months later. They
concluded that accumulated tracer might be released due
to sarcolemmal and/or mitochondrial dysfunction caused
by ischemia. The findings of the present study suggest that
the Tc-99m tetrofosmin washout in patients with ASH
was significantly higher than in the control group and the
degree of tetrofosmin washout corresponded well with
the severity of myocardial thickness of the interventricu-
lar septum and posterior walls. Our study also revealed
that tetrofosmin washout was faster in patients with NYHA
II–III compared to patients with NYHA I, suggesting that
cardiac function is related to mitochondrial and/or sar-
colemmal function. The pathophysiology of HCM is
unclear. It has been shown in pathologic studies that
myocyte disarray and abnormal myocytes are the most
prominent microscopic features of HCM.24–29 Within
cells there is variation in nuclear size and disruption of
myofibrillar architecture. The abnormal myocytes are
often associated with areas of myocardial fibrosis, which
are usually extensive involving the entire region of the left
ventricular wall regardless of the presence or absence of
hypertrophy.30–34 So far, to our knowledge, there have
been no pathologic studies on the functions of sarco-
lemma and/or mitochondria in HCM. In addition, in the
literature there is only one scintigraphic study about the
washout rates of Tc-99m tetrofosmin in HCM. In that
study Morishita et al.35 found increased myocardial wash-
out rates of Tc-99m tetrofosmin in ASH patients like in
our study.

CONCLUSION

The retention of Tc-99m tetrofosmin in the myocardium
depends on the potentials of the cellular and mitochon-
drial membranes. In this study, increased myocardial
washout retes of Tc-99m tetrofosmin in ASH patients
were obtained not only at the hypertrophied region but
also at nonhypertrophied regions consistent with patho-
logic studies. Also our study revealed that Tc-99m
tetrofosmin washout was higher in NYHA II–III patients
compared to NYHA I patients and the degree of Tc-99m
tetrofosmin washout corresponded well with the thick-
ness of the interventricular septum and posterior walls.
Thus, the evaluation of mitochondrial and/or sarcolem-
mal abnormalities, based on the presence or absence of
abnormalities in the washout rate of Tc-99m tetrofosmin
showed that there could be dysfunction of sarcolemma

and/or mitochondria in the entire left ventricle which
would be important in the pathophysiology of this dis-
ease. Further pathophysiologic studies examining the
dysfunction of mitochondria and sarcolemma in this dis-
ease and patient follow-up data are needed in a prospec-
tive study to determine the prognostic value of Tc-99m
tetrofosmin washout imaging in ASH patients.
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