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Abstract

A one-hour protocol for stress myocardial scintigraphy using technetium-99m (*™Tc) tetrofosmin was
compared with scintigraphy using thallium-201 (*'T1) for the detection of coronary artery disease in 43
consecutive patients who underwent stress 2°' Tl and *™Tc-tetrofosmin myocardial scintigraphy, and coro-
nary arteriography within 1 week.

For the stress ®™Tc-tetrofosmin test, rest imaging data were acquired 20 min after intravenous injection
of 5—7mCi ®™Tc-tetrofosmin, using a 3-head gamma camera collecting 20-sec views over 360°. After
dobutamine infusion or bicycle ergometer exercise, 20—25 mCi of ®™Tc-tetrofosmin was additionally
injected at peak stress. The stress images were acquired 15 min after the second injection with 5-sec views
over 360°. All patients also underwent 20! Tl exercise and redistribution (4-hour) imaging following a stan-
dard protocol.

The overall sensitivity for detecting coronary artery disease was 96.0%, with an overall specificity of
93.3% for both types of scintigraphy. Qualitative analyses of 21 conventionally divided left ventricular
segments showed that the overall segmental concordance between the *™Tc-tetrofosmin and *!TIl imag-
ings was 85.2% on the rest images and 82.1% on the stress images. The segmental concordance of the rest
images was 87.0% in patients with neither significant stenosis nor myocardial infarction, 86.2% in patients
with significant stenosis without myocardial infarction, and 82.9% in patients with significant stenosis and
myocardial infarction, and the concordance values of the stress images were 85.4%, 87.5% and 75.6%,
respectively.

These preliminary results suggest that stress myocardial scintigraphy using the present new protocol is a
promising approach for the detection of coronary artery disease, with diagnostic sensitivity and specificity
comparable to those of stress 20! Tl scintigraphy.
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Stress thallium-201 (2!'T1) myocardial scintigra- ized protocols are available for stress 2! T1 scintig-
phy is an established modality for diagnosing coro- raphy. However, 4 hours to 2 days are required to

BIFIEERSMEE: T 880-0941 HUFEEISTALIIMATEMNG 584 - 1; *EFERKE F—HH, =

Miyazaki Cardiovascular Hospital, Miyazaki; * The First Department of Internal Medicine, Miyazaki Medical College, Miyazaki
Address for reprints: KOIWAYA Y, MD, FICC, The First Department of Internal Medicine, Miyazaki Medical College, Kihara 5200,
Kiyotake, Miyazaki 889—1692

Manuscript received August 8, 1997 ; revised June 9, 1998 accepted July 2, 1998

219



220 Matsuda, Miyamoto, lkushima et al

obtain both rest and stress images with this method,
which is rather disadvantageous in clinical
practice>?. Technetium-99 m (*™Tc)-based agents
have recently been introduced for myocardial per-
fusion imaging. A shorter half-life is characteristic
of ®mTc-based agents, which allows the adminis-
tration of an imaging agent with a higher specific
activity, resulting in better counting statistics in a
shorter period of time.

Since stress images can be obtained in less time
with the use of *™Tc-tetrofosmin, we designed a
one-hour protocol for stress myocardial scintigra-
phy using *™Tc-tetrofosmin and assessed its utility
for clinical practice in terms of the sensitivity and
specificity to detect coronary artery disease. In this
preliminary evaluation, stress myocardial scintigra-
phy under the present new protocol was found to be
a promising approach for the detection of coronary
artery disease, with a diagnostic sensitivity and
specificity comparable to those of stress 20Tl
scintigraphy.

METHODS

Patient population

This study included 43 consecutive patients who
underwent both stress 20! Tl and *™Tc-tetrofosmin
myocardial scintigraphy as well as coronary arteri-
ography within 7 days. Twenty-seven patients were
male and 16 were female, with a mean age of
60.7 = 11.5 years (range 32 to 79years). Selective
coronary arteriography was performed in multiple
views by the Sones or Judkins technique. All
patients gave informed consent for all procedures.

Stress test protocol

All patients underwent symptom-limited bicycle
ergometer exercise or received dobutamine infu-
sion. The initial work load of S0W of the bicycle
ergometer was increased by 25W every 2 min. In
the dobutamine infusion protocol, the initial infu-
sion rate of 10 g/kg/ min was increased by 10 ug/
kg/min every 2 min up to 40 xg/kg. Both bicycle
ergometer exercise and dobutamine infusion were
stopped if chest pain, fatigue, significant dyspnea,
significant ventricular arrhythmia or hypotension
occurred. The radiotracers were injected intra-
venously at peak exercise or dobutamine infusion,
and the exercise or dobutamine infusion was con-
tinued for an additional 60sec. Each patient under-
went the same single test and same level of stress in
the 2 scintigraphic studies.

Selected abbreviations and acronyms

¥mTc = technetium-99 m
201T] = thallium-201

Scintigraphic protocol

9mTec-tetrofosmin study

Rest imaging was begun 20 min after #™Tc-
tetrofosmin injection (5—7 mCi; 1/5 vial). The
patient then underwent the stress test. *™Tc-tetro-
fosmin (20—25mCi; 4/5 vial) was additionally
administered at the peak stress time point. Stress
imaging was begun 15min after the second *™Tc-
tetrofosmin injection. The rest images were
obtained using a rotational 3-head gamma camera
collecting 20-sec views over 360°. The stress
images were collected as 5-sec views over 360 °.
The total acquisition times of the rest and stress
images were about 10 and 3 min, respectively (Fig.
1).

201T] study

The patient received 3 mCi of ' Tl at peak stress.
Image acquisition was started within Smin for the
stress images, and after 4 hours for the rest images.
The stress and rest images were collected as 30-
and 40-sec views over 360 °, respectively. The total
acquisition times for the stress and rest images
were about 14 and 18 min, respectively (Fig. 1).

Image analyses

The projection data were smoothed using a low-
pass filter with a cutoff frequency of 0.3 cycles per
pixel, and a series of 2.61 mm thick transverse
slices was reconstructed using filtered backprojec-
tion with a ramp filter.

The left ventricular myocardium was divided
into 21 segments (Fig. 2). The 2! T1 and %™ Tc-
tetrofosmin images were interpreted separately in a
blinded manner, and the uptake of the tracer in each
segment was scored using a 3-point grading system
(0 = normal, 1 = hypoperfusion, 2 = defect).

Statistical analysis

Data are expressed as mean & SD. Differences
between the **™Tc-tetrofosmin and 2°!'T1 studies
were compared using the « statistic ( « value)?
for discrete variables and the paired #-test for con-
tinuous variables. A p value less than 0.05 was con-
sidered significant.
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RESULTS

Image quality of #™Tc-tetrofosmin

The stress and rest perfusion **™Tc-tetrofosmin
tomograms were superior in quality to the 2°'Tl
tomograms in 11 patients (25.6%)and 6 patients
(14.0%), equal in 28(65.1%)and 21 (48.8%), and
inferior in 4(9.3%)and 16(37.2%), respectively.
No image was unusable in any patient. Thus, the
image quality was generally good.

Coronary arteriographic findings

Twenty-five patients had significant (>75%
luminal diameter) stenosis in one vessel, 2 in 2 ves-
sels, and one in the left main trunk.

The complete series of 43 patients was divided
into 3 groups on the basis of the presence or
absence of diseased vessel (s)and whether the per-
fused area via the diseased vessels was associated
with myocardial infarction. Group I included 15
patients who had neither significant stenosis (<
50%) nor prior myocardial infarction, of whom 8
had vasospastic angina. Group II included 11
patients who had significant stenosis (es) but no
myocardial infarction. Group Il included 17
patients who had both significant stenosis (es)and
prior myocardial infarction (> 21 days after onset,
Table 1).

Stress test results

The exercise duration, peak heart rate and pres-
sure rate products during the *™Tc-tetrofosmin
study and the %°!'T1 study are shown in Table 1. The
exercise workload and duration were not signifi-
cantly different in each group. Angina occurred in 5
patients, ischemic ST-segment depression in 9, and
significant ventricular arrhythmia in 8 during both
stress ™ Tc-tetrofosmin and 2! Tl tests.

Scintigraphic and coronary arteriographic

findings

Among the 28 patients with significant coronary
artery disease (Groups I and 1), stress 2'TI and
99mTc-tetrofosmin imagings revealed abnormal
findings in 27 patients. The overall sensitivity for
detecting coronary artery disease was 96.0% (27/
28) for both ®mTc-tetrofosmin and %' Tl studies.

Among the 15 patients with no significant coro-
nary stenosis (Group 1), stress *™Tc-tetrofosmin
and %' T] imagings revealed normal perfusion in the
same 14 patients. Thus, the overall specificity was
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Fig. 1 Protocol of stress myocardial scintigraphy
In the stress thallium-201 (2'T1) study, the patient
received 3 mCi at peak stress. The image acquisition
was then begun 5 min and 4 hours for the stress and
resting imagings, respectively (upper). In the stress
technetium-99m (**™Tc) tetrofosmin study, the resting
imaging was begun 20 min after a 5—7 mCi injection;
the patient then underwent stress and received an addi-
tional 20—25 mCi at peak stress. The stress imaging
was begun 15 min after the second injection (lower).
] : Single photon emission computed tomography
(SPECT).
I : Stress test.
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Fig. 2 Schematic presentation of 2 short-axis slices and
mid-ventricular vertical long-axis slice display-
ing 21 myocardial segments

93.3% (14 /15) for both ®™Tc-tetrofosmin and 2! T1
studies.

Qualitative analyses of *™Tc-tetrofosmin and

201T] images

A total of 903 myocardial segments were exam-
ined. Stress ®™Tc-tetrofosmin imaging classified
579(64.1%) as normal, 263 (29.1%) with hypoper-
fusion and 61 (6.8%) with a defect. Stress 20'T1
imaging classified 565 (62.6%) as normal, 286
(31.7%) with hypoperfusion, and 52 (5.7%) with a
defect. ®mTc-tetrofosmin imaging classified 71
(7.9%) myocardial segments with transient hypo-
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Table 1 Clinical profile and hemodynamic parameters during maximum stress

Group I Group II Group Il
Male : female 7:8 7:4 13:4
Age (yr) 64.3%11 64.3+10 55.8+12
Lesion
Single-vessel disease 0 10 15
2-vessel disease 0 0 3
Left main trunk disease 0 1
Stress profile
Double product (beat/min - mmHg) TF 21,91619,275 24,344+5380 2,640216,760
Tl 23,903 +6,656 23,531+5,954 23,721+£7,870
Peak heart rate (beat/min) TF 119£27 122422 13622
Tl 127+21 123+22 134+23
Exercise time (min) TF 63%1.7 72+13 69+23
Tl 6.7+1.9 6.5+14 6.7+2.1

Group I: patients without significant stenosis (<50%), Group II: patients with significant stenosis and without myocardial infarction , Group IIl:

patients with significant stenosis and prior myocardial infarction.
TF=technetium-99m tetrofosmin.

Table 2 Concordance of perfusion images in each
segment between %™Tc-tetrofosmin and

201T] imagings
Group I Group I Group I
Segment Rest Stress Rest  Stress Rest Stress
(%) (%) (%) (%) (%) (%)
1 87" 93 73 82 100 82
2 87 73 91 91 76 82
3 73 60 91 100 88 76
4 73 67 82 100 88 59
5 67 73 82 82 88 65
6 87 100 91 82 71 59
7 100 100 91 100 100 100
8 100 100 100 73 88 88
9 100 93 91 91 94 76
10 100 87 91 91 82 65
11 80 73 82 91 88 82
12 80 73 73 73 65 53
13 67 53 55 64 71 71
14 100 100 91 100 94 76
15 100 100 100 100 82 71
16 100 100 91 91 94 76
17 93 100 91 82 88 88
18 100 100 100 100 82 88
19 80 67 82 91 71 65
20 73 93 82 82 71 53
21 80 87 82 73 82 88

Explanation of the groups as in Table 1.

perfusion by qualitative analysis of the standard
redistribution on the %' Tl images. The overall seg-
mental concordance between the **™Tc-tetrofosmin
and 2!'T1 studies was 85.2% on the rest images and
82.1% on the stress images. The segmental concor-
dance of rest imaging was 87.0% ( « = 0.49)in
Group 1, 86.2% ( = 0.51)in Group II and 82.9%
(#=0.71) in Group Il; and for stress imaging
was 85.4% (x =0.51), 87.5% ( x =0.74), 75.6%
(£ =0.60), respectively (Fig. 3). The concor-
dances of perfusion images in each segment are
summarized in Table 2. The concordance of the
inferoposterior segments was lower than those of
other segments in Groups I and II. The anterosep-
tal segments also had lower concordance in Group
Il. A representative case is shown in Fig. 4.

Thus, both rest and stress imagings with #™Tc-
tetrofosmin clearly demonstrated the presence of
significant stenosis without being affected by the
presence or absence of myocardial infarction, and
achieved a similar accuracy to ' Tl imaging.

DISCUSSION

2IT] stress myocardial scintigraphy is useful in
the diagnosis of coronary artery disease, and the
mean sensitivity and specificity of the qualitative
analysis by single photon emission computed
tomography are 89% and 76%, respectively?.
However, the commonly used standard redistribu-
tion study or reinjection study of stress 20! Tl
scintigraphy are associated with some disadvan-
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Fig.3 Correlation between stress ™Tc-tetrofosmin and 2'T] images in all segments
Explanation of the groups as in Table 1.

tages in clinical practice, such as 4 hours to 2 days
required for the detection of myocardial ischemia;
the scheduling examination needed because of the
preparation of 2'Tl; and the patient must fast for
about 6 hours before and after the stress test.
9mTc-based agents were recently introduced for
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myocardial perfusion imaging. The half-life of
9mTc is shorter than that of 2! Tl, and the agents
have more favorable characteristics for imaging,
such as higher emission energy and less scattered
radiation. Phase I and I studies of *™Tc-tetrofos-
min have shown good myocardial uptake with rapid
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Fig. 4 *"Tc-tetrofosmin and *'T] myocardial single photon emission computed tomography scans
from a 55-year-old man without prior myocardial infarction
Coronary arteriography showed 90% stenosis of the proximal left anterior descending artery. Both *™Tc-
tetrofosmin and °'T] imagings showed transient hypoperfusion in the anteroseptal and apical walls.

clearance from background organs (blood, liver and
lung)3~7. In recent clinical studies, ™ Tc-tetrofos-
min achieved high diagnostic accuracy comparable
to that of 2°!T] for detecting coronary artery
disease’ '¥. Because of the introduction of new
9mTc-based agents, imaging protocols have recent-
ly been modified considerably. One-day protocols
including 4- to 5-hour'®3~'5 and 2-hour'® proto-
cols, a 2-day protocol'*!S, and a dual isotope proto-
col'™8) have been reported. However, these proto-
cols have disadvantages in clinical practice, includ-
ing the 2 hours to 2 days required for the determi-
nation of myocardial ischemia, so the cost of scinti-
graphic examination with these protocols is higher
than that with 20! T1. ®™Tc-based agents must be
administered twice, requiring 2 vials of the agents.
To reduce cost, we used one vial of tetrofosmin for
the collection of the images, with the *™Tc-tetro-
fosmin divided into 2 different volumes(1/5 vial
for rest imaging and 4 /5 vial for stress imaging) .
Our preliminary evaluation of the utility of the
present one-hour protocol for stress myocardial
scintigraphy using *™Tc-tetrofosmin compared the
detection of coronary artery disease with that of
stress scintigraphy using ' T1. The evaluation of a
limited number of patients (43 patients)found the
overall sensitivity and specificity of the new
method were comparable to those of scintigraphy
with 20!'T1, with the overall segmental concordance
at the same level in the *™Tc-tetrofosmin and ' T1

studies in the qualitative analyses. Thus, this new
protocol is promising and has the following clinical
benefits : The scintigraphic study is completed
within one hour; the diagnostic sensitivity and
specificity are comparable to those of 2°' Tl scintig-
raphy ; #™Tc-tetrofosmin is easily prepared from a
kit at room temperature, allowing immediate prepa-
ration; in hospitals with a standing injection gener-
ator for ™ Tc, the examination can be performed at
any time; oral intake of the patients is not restrict-
ed, and scintigraphic study under the present proto-
col can be conducted for outpatients, even in
patients receiving treatment for diabetes mellitus
with medicine or insulin; the cost for the imaging
agent is lower than that for previous protocols
(except for the 20'T] stress test with a single admin-
istration) .

However, some issues remain to be examined.
The sensitivity and specificity values for detecting
coronary artery disease obtained in the present
study were somewhat higher than those in previous
reports®’. This may be because 25 of the 28 patients
in Groups I and Il had more than 90% luminal
stenosis on only one vessel, and because many
patients in Group I were without stenosis, although
the series was comprised of consecutive patients.

In this study, the image quality using *™Tc-tetro-
fosmin was generally good. However, the resting
images were of inferior quality compared to the
images obtained with 2Tl in 37.2% of patients.

J Cardiol 1998; 32: 219-226



The administration of small doses of *™Tc-tetro-
fosmin for the resting imaging may partly account
for the image inferiority, but the poorer image qual-
ity did not interfere with the interpretation of the
images. The concordance of the inferoposterior
segments was lower than those of other segments in
all Groups. These findings are compatible with
those of previous studies'®!'?. Another possible
explanation of these findings is that the count den-
sity in the inferoposterior wall was attenuated by
the liver and abdominal background. In Group III,
the count density may also have been affected by
the difference in gamma photopeak energy between
#¥mTc and 2'T1 in the infarcted myocardium. The
distribution of **™Tc-tetrofosmin is slightly higher
after stress than that of 20'Tl, indicating a lower
defect contrast, especially in the area where 20!T1

B
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redistributes after exercise!'’. The use of quantita-
tive analysis by generating perfusion maps and the
computer coding of abnormally perfused myocardi-
um, relative to a composite map from normal sub-
jects, could solve some of these problems.

The present study did not examine an adequate
number of patients with various clinical features.
Only a prospective study with a greater number of
patients will provide more objective and definitive
results concerning scintigraphy using %™Tc-tetro-
fosmin. To more accurately assess the diagnostic
significance of the new protocol, a double-blind
prospective evaluation is now underway.
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