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Abstract. Technetium-99m tetrofosmin (Myoview) has
unique properties for myocardial perfusion imaging very
early after injection of the tracer. We used a very short
same-day rest/stress protocol, to be performed within 2 h
and evaluated its diagnostic accuracy. The study includ-
ed 144 patients from seven Spanish and four Portuguese
centres with a diagnosis of uncomplicated coronary ar-
tery disease (CAD); 78 patients (54%) had no history of
prior myocardial infarction. Patients were injected with
<300 MBq #mTc-tetrofosmin at rest and <900 MBq ap-
proximately 1 h later at peak exercise. Single-photon
emission tomographic (SPET) acquisitions were initiat-
ed within 5-30 min post injection. The results were
compared with those of coronary angiography (CA). The
data of 142 patients were completely evaluable (two
with non-evaluable images were excluded). The quality
of rest images was excellent or good in 86%, regionally
problematic in 7%, poor but well interpretable in 5% and
non-evaluable in 2%. The overall sensitivity for the de-
tection of CAD was 93%, the specificity 38% and the
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accuracy 85%. The localization of defects by SPET in
relation to the perfusion territories of stenosed vessels
(=50%) was achieved with a sensitivity of 64%. for the
left anterior descending artery, 49% for the left circum-
flex artery and 86% for the right coronary artcry, and an
accuracy of 71%, 72% and 73% respectively. Concor-
dance of SPET and CA was 62% for single-vessel dis-
ease and 68% for multivessel disease. In conclusion, this
Spanish-Portuguese multicentre clinical trial confirmed,
in a considerable number of patients who underwent cor-
onary angiography, the feasibility of 9™Tc tetrofosmin
(Myovicw) rest/stress myocardial SPET using a very
short protocol (2 h).

Key words: Myocardial perfusion single-photon emis-
sion tomography — Coronary angiography ~ Technetium-
99m tetrofosmin — Same-day 2-hour rest/stress protocol
— Coronary artery disease
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Introduction

Three technetium-99m compounds are now commercial-
ly available for single-photon emission tomography
(SPET) of myocardial perfusion: 9'mTc-teboroxime,
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99mTe-sestamibi and 99"Te-tetrofosmin. The biokinetics
.of 99mTec-teboroxime differ essentially from those of the
other two “"Tc¢ compounds: it has a very rapid myocar-
dial washout, which may be advantageous using a multj-
detector camera [1]. Both 99™Tc-sestamibi and %°mTc-tet-
rofosmin are lipophilic compounds. Their myocardial
uptake shows a correlation to microsphere flow [2] simi-
lar to thallium-201; however, they remain fixed in the
myocardium without substantial washout [3]. *mTc-ses-
tamibi has already been widely used in clinical practice,
a variety of separate- and same-day, rest/stress and
stress/rest protocols having been employed with very
similar diagnostic accurary for coronary disease (4, S].
In comparison to %®Tc-sestamibi, %wTc-tetrofosmin
shows some characteristic differences making it suitable
for early imaging after injection: background and liver
clearance is high [6], with myocardium to liver ratios in-
creasing to >1.0 between 15 and 30 min post injection
(p.i.) at rest [7, 8] whereas they remain constant at about
0.5 with 99mTc-sestamibi [9].

Multicentre phase Il clinical trials directly compar-
ing 99mTc-tetrofosmin and 2°'T] have been reported, us-
ing planar imaging techniques in 55 [10]) and 252 pa-
tients [11] and SPET in 355 patients [12). Diagnostic ac-
curacy was found to be comparable, with concordance
ratios between 81% and 89% for normal versus abnor-
mal segmental analysis and without significant differ-
ences in estimations of reversible ischaemia. Compan-

Table 1. Multicentre trial sites and investigators

son of 9mTc-tetrofosmin SPET resulis with findings of
coronary angiography has been undertaken in relatively
small numbers of patients in clinical trials, i.e. 22 in the
European Multicenter Report [4], and 26 and 25 patients
respectively in two Japanese single-centre reports [8.
13]. The possibility of performing *™Tc-tetrofosmin
SPET with a very short same-day rest/stress protocol
was concluded from the biokinetics of this new myocar-
dial perfusion tracer [3, 7]. The aim of this Spanish-Por-
tuguese phase III multicentre clinical trial was to evalu-
ate in a sufficiently large number of patients *9™Tc-tet-
rofosmin myocardial SPET using such a protocol in
comparison to coronary angiography.

Materials and methods

Multicentre trial patienss. Eleven institutions from six different
geographical locations in Spain and Portugal participated in the
clinical trial evaluation (Table 1). Various systems of single-head
SPET cameras and on-line computers (Elscint, General Electric,
Siemens, Sopha) were utilized. A total of 167 patients [age
(mean=SD)=58+10 years; 87% males and 13% females] with sus-
pected or documented coronary artery disease (CAD) were in-
cluded in the study population. The numbers of patients per centre
were: >20 from three centres (31, 29 and 21 patients), between 10
and 12 from four centres, five from three centres and two from
one centre,

Patients eligible for inclusion had a history of chest pain sug-
gestive of CAD associated with positive signs of ischaemia (e.g.

Code Institute

Location

Investigators

001 Universidad Complutense, Facultad de Medicina,
Servicio de Medicina Nuclear
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Institutos de Medicina Nuclear y de Cardiologia

010  Hospitals da Universidade de Coimbra,
Servicios de Medicina Nuclear y de Cardiologfa

01] Instituto Portugués de Oncologia (IPOFG)
Servicios de Medicina Nuclear y de Cardiologfa

Madrid, Spain

Cérdoba, Spain

Madrid, Spain

Hospitalet, Spain

Barcelona, Spain

Carnaxide, Portugal

Lisbon, Portugal

Coimbra, Portugal

Lisbon, Portugal

J.L. Carreras, M.J. Pérez-Castejon,
A. Jurado, F. Taboada, R. Ruiz, 1. Diaz,
J.C. Recio

IM. Latre
J. Ortiz-Berrocal, M.J. Tabuenca
J. Martin Comin, E. Esplugues, V. Vallgjos,

R. Granja, M. Ramos, M. Roca, I. Mauri
A. Garceia, J. Magriiid,

F.J. Setoafn
Milaga, Spain C. Puente
Barcelona, Spain D. Ortega

L. Salgado, A. Ventosa, V. Gil
G. Cantinho
A/l Ferrer, I. Pedrosa

A.T. Fonseca, M. Addo, M.R. Vieira

European Journa! of Nuclear Medicine Vol. 23, No. 6, June 1996

oy




R R,

641
WmTe-etrofosmin 99mTe-tetrofosmin
300 MBq i.v. 900 MBq i.v.
at rest at peak of exercise
SPET R(est) Exercise Test SPET S(tress)
r 220 min ‘ <20 min
S min \ ‘ 15 min 1
(30 min)
0 <1h <2h

Fig. 1. Scheme of the same-day 2-h rest/stress protocol using a 1t
SPET

abnormal exercise ECG or angiogram), were at least 30 year old,
were receiving either no medication or medication stabilized for at
Jeast 2 weeks, and had given written informed consent. The fol-
lowing were excluded from the study: (a) females of child-bearing
potential, (b) patients with recent myocardial infarction or unsta-
ble coronary disease, congestive heart failure, significant primary
valvular pathology or congenital heart defect, cardiomyopathy,
left bundle branch block, any significant vascular incident or coro-
nary intervention between the invasive and non-invasive studies,
or other significant pathologies likely to interfere with the success
of the study (e.g. by causing inability to perform bicycle or tread-
mill exercise), and (c¢) persons classified as highly exposed to radi-
ation due to their occupation (>15 mSv/year).

Coronary angiography, defined as the reference technique for
the global and territorial evaluation of myocardial SPET with
Y9mTe-tetrofosmin, was performed in 144 patients using standard
techniques as established in each cardiological department of the
participating centres, usually within 2 months prior to or after the
SPET study (mean+SD=-18+45 days; range —180 to +132 days).
Sixteen patients with long intervals between angiography and tet-
rofosmin SPET (more than 67 days) had stable disease and no in-
tercurrent events. The degree of luminal narrowing (275% and
>50%) of the coronary arteries [left main (LM), left anterior de-
scending (LAD), left circumflex (LCX) and right coronary (RCA)
arteries] was determined by visual analysis.

Study design. The design of the study is illustrated in Fig. 1. The
myocardial SPET at rest (R) and stress (S) was 1o be completed
within 2 h. Initially at rest each patient received an intravenous in-
jection of (185-)300 MBq [(5-)8 mCi] *mTec-tetrofosmin. SPET
acquisition (R) had to be started between 5 and 30 min p.i. with 2
single-head gamma camera rotating 180° around the anterior and
left lateral cardiac area of the patient in the supine position. Data
were acquired by 60 projections with acquisition times of 220 s
per view and total counts of at least 4000 kcounts. Total acquisi-
tion times of SPET (R) ranged from 13 to 31 min (mean=18 min).
Thereafter, at the latest 1 h p.i., the patient proceeded to exercise
on a bicycle or treadmill according to the standard protocol of
each centre. Exercise was symptom limited (anginal pain, severe
fatigue or dyspnoea, ST segment depression etc.) or heart rate lim-
ited (285% of the maximal predicted rate). At peak exercise a sec-
ond tracer dose of 3 times the first one [555-900 MBq (19-24
mCi)] was administered, and exercise was continued for 1-2 min.
After control of heart rate and blood pressure during 15 min of pa-
lient recovery, the second SPET (S) acquisition was started using
the same technique as for SPET (R), except allowing for a shorter
lime per projection (<20 s). Tota) acquisition times of SPET (8)
ranged from 10 te 25 min with a mean of 15 min.
YmTe-tetrofosmin  (Myoview, Amersham International plc)
was prepared from a freeze-dried solid supplied in a 10-ml vial
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3 split dose of #mTe-tetrofosmin (Myoview) for myocardial perfusion

sealed under an inert nitrogen atmosphere. Each vial was reconsti-
tuted with 4-8 mi of no more than 1100 MBg/ml sterile sodium
[#9mTc]pertechnetate. After adequate mixing the vial was allowed
to stand at room temperature for 15 min, after which it was stored
al 2°-8° C. Radiochemical purity was controlled by thin-layer
chromatography using Gelman ITLC/SG strips (2.0x20 cm) and a
35:65 acetone/dichloromethane solution. Only preparations with
2909 labelling were used, this within 8 h of preparation.

Tomographic image processing and analysis. Three series of slic-
es parallel to the axis of the left cardiac ventricle (vertical long ax-
is, short axis and four-cavity long axis) were obtained by reorien-
tation of transverse slices as reconstructed by filtered backprojec-
tion of the acquired scintigraphic data, No attenuation correction
was used. Each of the participating centres applied jts current im-
aging procedure with respect to the filters used for reconstruction,
the number and thickness of tomograms, colour or grey scale doc-
umentation, and the additional use of polar maps from short-axis
slices. The images were interpreted visually by consensus of two
experts in nuclear cardiology, and in the case of discordance a
third reader decided. The readers were blinded to clinical, ECG
and coronary angiographic results. The images were read in pairs
of rest-stress. Image quality was judged as excellent, good, poor
or nonevaluable. Defects in R(est) and S(tress) images were
scored on a2 1- to 4-point scale: 1=normal; 2=infarction (R=S);
3=ischaemia (8) only); 4=mixed defect. All readers kept in mind
their experience that with #*mTc-sestamibi and 2°'T1 myocardial
SPET the normal count rate in the inferior wall region is some-
what less (about 20%) than in the lateral, anterior and septal re-
gions. The defects were allocated to the territories of the main
coronary arteries (Fig. 2): LAD territory=anterolateral, anterior,
anteroseptal and midseptal wall regions; LCX territory=midlateral
and posterolateral regions with facultative extension to the infero-
lateral region; RCA territory=inferior and inferoseptal region with
facultative extension to the midseptal region. The apical region,
when affected alone, was allocated 10 the LAD territory: if, how-
ever, there was extension of one of the territory defects Lo the
apex, the apical region was allocated to that vascular territory.

Statistical analysis. For overall detection of disease, sensitivily
was defined as the percentage of patients with at least one signifi-
cant coronary artery stenosis demonstrating any kind of abnormal
9mTe-tetrofosmin defect (reversible as well as fixed or mixed de-
fects), specificity as the percentage of patients without significant
coronary artery stenosis and normal SPET results, and accuracy as
the percentage of all patients with a correct diagnosis as judged
from SPET results versus coronary angiography. Sensitivity, spec-
ificity and accuracy for localization of SPET defects to vascular
territories were compared by the chi-square test in the following
subgroups: (a) patients with coronary artery stenosis 275% and
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Fig. 2. Distnibution of the myocardial territories related 10 the cor-
onary arteries LAD, LCX and RCA, designed on a polar map
from SPET short-axis tomograms: centre=apex, periphery=basis,
top=anterior, bottom=inferior, left=septal, right=lateral wall re-
gion of the left ventricle

versus those with stenosis 250%, (b) patients with strictly symp-
tom- or heart rate-limited stress versus all patients, including
those with symptomless stress not reaching 85% of predicted
maximal heart rate; and (c) patients without prior myocardial in-
farction (non-MI) versus all patients. Coronary angiography and
P¥mTe-tetrofosmin SPET concordance for the detection of single-
vessel and multivessel disease was defined as the sum of the con-
cordant myocardial regions or vascular territories as a percentage
of the total number of segments or territories, respectively. Kappa
statistical values were also calculated.

Results
Adverse events attributable 10 ¥ Te-tetrofosmin

None of the patients experienced any adverse reaction
after the aministration of *™Tec-tetrofosmin.

Image quality of **"Tc-1errofosmin SPET
with the 2-h protocol

Two patients from two different centres (both of whom
underwent coronary angiography, one showing no vessel
stenosis but hypokinesia and the other, two-vessel dis-
ease with >75% stenosis) had to be excluded from fur-
ther evaluation because of non-valuable image quality
due to minimal myocardial tracer uptake at both rest and
stress in one case (both doses administered from the
same vial) and only at rest in the other case (repetition of
the study on a separate day yielded excellent image
quality). Chromatographic quality contro! prior to the in-
jection showed >90% radiochemical purity in both

¥

cases, precluding any non-speculative explanation. Ex-
cellent or good image quality (Fig. 3a) was found in
86% of rest images and 95% of stress images. The read-
ers reported interpretational difficulties in 12 patients,
i.e. 7% (only R images in seven cases; R and S in five
cases), due to interference by subdiaphragmatic tracer
accumulation with inferior myocardial activity. In eight
patients, i.e. 5% (R=7, R+S=1), the image quality was
considered “poor, but evaluable” because of a very high
ratio of hepatic to myocardial activity (Fig. 3b). In one
case poor image quality at rest was explained by partial
extravasation of the injected dose. The aforementioned
instances of limited rest image quality mainly occurred
in a subgroup with extremely short time intervals be-
tween tracer injection and start of SPET acquisition [20
of 85 patients from six centres with intervals of 74 min
(mean+SD), in comparison to | of 82 patients from five
centres with intervals of 31+14 min).

Coronary angiography

One hundred and nine patients had one or more coronary
lesions with stenosis 275% (250% for left main artery)
as graded by visual analysis. One hundred and twenty-
two patients had significant coronary lesions, using the
criterion of 250% luminal diameter narrowing. Of 20 pa-
tients without stenosed vessels (<50%), four neverthe-
less had an abnormal exercise reaction; thus only 16 pa-
tients could be regarded as “normal”. Stenosis 250% in-
volved one (n=39) or more (n=83) arteries. Of 78 pa-
tients (55%) with no previous myocardial infarction, 59
showed one (n=21) or more (n=38) stenosed (=50%) ar-
ternes.

Overall detecrion of coronary artery discase

Exercise level (Table 2). Out of 92 patients with coro-
nary artery stenosis of 275% and strictly symptom/heart
rate-limited stress (subgroup “stress A”), 89 (sensitivi-
ty=97%) were identified as having fixed or reversible
stress/rest perfusion defects by 9°mTc-tetrofosmin myo-
cardial SPET. Inclusion of patients with symptomless
exercise not reaching 85% of predicted maximal heart
rate (subgroup “stress B™") did not affect the results: the
rate of false-positive results was similarly high and the
accuracy identical. Employing the criterion of >50% lu-
minal narrowing for stenosis, the number of false-posi-
tive SPI'T results diminished considerably, to ten for
subgroup “stress A™ and to 13 when subgroup “stress B”
was also considered (the difference between subgroups
“stress A" and “stress A+stress B" was not significant).
In consequence, the patients with symptomless exercise
not reaching 85% of predicted maximal heart rate
(“stress B”) were included in all further evaluations.
When patients with an abnormal stress reaction but wiih-
out cvidence of coronary artery sienosis were also con
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sidered as possibly -having CAD, false-positives were
considerably reduced for both degrees of stenosis: 10
versus 22 for 275% and 8 versus 13 for 250% stenosis.

Patients withour prior myocardial infarction (Table 3).
Sensitivity and accuracy for the overall detection of
CAD by 9mTc-tetrofosmin myocardial SPET was inferi-
or in the subgroup of patients without a history of prior
myocardial infarction (non-MI) in comparison 10 the
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Fig. 3. Myocardial low-dose
rest images of “excellent” (a)
and “poor, but evaluable” (b)
quality. a Acquisition started
19 min p.i. Patient with severe
three-vessel disease and a his-
tory of anterior and jnferolater-
al infarctions. b Very high he-
patic and relatively low myo-
cardial activity; the myocardial
images were nevertheless inter-
pretable through adequate data
processing. Acquisition started
11 min p.i. Patient with two-
vessel disease (LAD and LCX)
and a history of anterior and in-
ferolateral infarctions

whole patient population, though the difference did not
reach statistical significance. Most of the false-positive
and all of the false-negative results were observed in the
non-MI subgroup, thus conditicning the low specificily
value for all patients.

Single-vessel versus multivessel disease. The sensitivity
for overall detection of CAD in patients with single-ves-
sel disease was 90% (35/39 patients), the four falsc-neg-
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Table 2. Overall detection of CAD by **"Tc-tetrofosmin SPET using the same-day 2-h rest/stress protocol, in relation to exercise levels

CA stenosis 275% +Stress pos. CA stenosis 250% +Stress pos.

Stress A Stress A Stress A Stress A Stress A Stress A
+stress B +stress B +stress B +stress B
SPET results

True + 89 105 115 98 113 18
True — 10 11 11 7 8 8
False + 19 22 10 10 13 8
False — 3 4 6 6 8 8
Total no. 121 142 142 121 142 142
Sensitivity (%) 97 96 95 94 93 94
Accuracy (%) 82 82 89 87 85 89

Stress A=patients with symptom- or heart rate-limited exercise;
stress B=patients with symptomless exercise not reaching 85% of
maxima) hearl rate

+Stress pos.=Results when patients with an abnormal stress reac-
tion but no evidence of CA stenosis were considered possibly to
have CAD

Table 3. Overall detection and localization of CAD by “*mTc-tetrofosmin SPET in individual coronary arteries with stenosis 250%

Overall CAD LAD LCX RCA
All patients  Non-MI All patients ~ Non-MI All patients ~ Non-MI All patients ~ Non-MI
SPET results
True + 113 51 59 21 33 13 68 27
True — 8 8 42 28 69 42 36 22
False + 13 L1 8 6 2 27 20
False — 8 8 33 24 34 2 11 5
Total no. 142 78 142 78 142 78 142 78
Sensitivity (%) 93 86 64 47* 49 38 86 75
Specificity (%) 38 42 84 88 9] 98 57 49
Accuracy (%) 85 76 71 63 72 85 73 63

Non-M], Patients without prior myocardial infarction; * P<0.05, significant difference, chi-square test

ative results occurring in the non-MI subgroup (sensitiv-
ity 17/21=81%). The corresponding results in patients
with multivessel disease were 79/83 (95%) in the whole
group and 34/38 (89%) in the non-MI subgroup.

ldentification of individual diseased coronary arteries

(1able 3)

Considering a 250% luminal diameter narrowing as the
criterion of stenosis, the diagnostic accuracy was moder-
ately good, at around 70%, for the three vessels LAD,
LCX and RCA. A relatively high number of false-nega-
tive results (33 of 92 stenosed LADs) caused a moder-
ately low sensitivity of 64% for LAD stenosis. Sensitivi-
ty was even lower for LCX stenosis (49%: false-negative
results obtained for 34 of 67 stenosed vessels). RCA ste-
nosis was correctly identified in 68 of 79 vessels, for a

corresponding sensitivity of 86%, but specificity was
low because of a high false-positive rate (27 of 63 ves-
sels without significant stenosis). These scnsitivity and
accuracy values for the detection of LAD and RCA ste-
noses tended to be somewhat worse among patients
without prior myocardial infarction, but the differences
were not statistically significant. Detailed data analysis
of the false-positive rates revealed the following obser-
vations: Of the eight patients with false-positive results
in respect of the LAD territory, three were female, and in
these patients the false-positive findings were assumed
to be caused by attenuation artefacts due to breast tissue;
one of the male patients had been diagnosed to have a
prior anterolateral infarction and a further two without
significant stenosis nevertheless showed pathological ex-
ercise test results. Four out of six false-positive SPET
defects relating to the LCX territory coexisted with se-
vere RCA stenosis. Correspondingly, 8 out of 27 false-
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Table 4. Classification of CAD extent: concordance of SPET defects with coronary artery stenosis 250% in all patients and in those with-
out myocardial infarction

CA SPET CA SPET CA

SPET
Normal Normal SVD MVD SVD Normal SVD MVD MVD Normal SVD MVD

All patients

No. 20 8 10 2 4 27 8 83 4 32 47

Concordance (%) 86 62 68

Kappa 0.36 0.23 0.38
Non-MI patients

No. 17 8 6 3 4 14 3 38 4 20 14

Concordance (%) 78 57 61

Kappa 0.31 0.17 0.21

positive RCA localizations occurred in patients with se-
vere LCX or left main artery stenosis; two other patients
had prior inferior or posterior infarction, and four with-
out vessel stenosis had pathological stress reactions.
Thus, after exclusion of these cases with possible expla-
nations, the numbers of unexplained false-positive re-
sults in respect of the LAD, LCX and RCA territories
were 2, 2 and 13, respectively. Nine of the 13 false-posi-
tive RCA localizations corresponded to inferior region
defects on SPET classified as infarction (n=5) or mixed
ischaemia+infarction (n=4).

Classification of the extent of disease (Table 4)

Analysis of concordance of the results of 9mTc-tetrofos-
min myocardial SPET with those of coronary angiogra-
phy in identifying normal vessel states, single-vessel dis-
ease and multivessel (two- or three-vessel) disease using
the >50% stenosis criterion revealed that 8 out of 20 pa-
tients without significant coronary artery stenosis were
classified as normal by SPET, whereas 114 of 122 pa-
tients with one or more stenosed coronary arteries had
pathological SPET results. Concordance was thus calcu-
lated to 86% (x=0.36). Twenty-seven out of 39 patients
with SVD were correctly classified by SPET (concor-
dance=62%, x=0.23). Results for categorizing multives-
sel disease were similar: 47 of 83 cases were correctly
identified (concordance=68%, x=0.38). The subgroup of
non-MI patients showed nearly identical results.

Discussion

Since the development of the disphosphine-Tc complex
tetrofosmin (Myoview) by Amersham International plc,
several phase III multicentre clinical trials have con-
firmed that its diagnostic accuracy is comparable to that
of 201T] scintigraphy [3, 10-12]. As 20Tl is not an ideal
agent for myocardial perfusion imaging, we felt it an in-
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CA, Coronary angiography; SVD, single-vessel disease; MVD, multivessel disease

teresting aim, additionally, to study the results of 99m-tet-
rofosmin myocardial SPET in comparison to coronary
angiography (CA) in a large multicentre, clinical trial.
Similar comparative analyses have previously been car-
ried out in smaller series of patients as a part of trials
primarily designed with reference to 201Tl scintigraphy
[3, 8, 13]). Although CA alone may not be considered a
real gold standard for the detection of CAD, this tech-
nique is still the most important reference in reaching
therapeutic decisions.

Image quality

Comparisons of separate-day and same-day protocols for
myocardial perfusion imaging with 99mTc-sestamibi {5]
and %°mTc-tetrofosmin [14] did not show significant di-
agnostic differences. Rapid extramyocardial clearance in
combination with minimal myocardial washout of
99mTe-tetrofosmin suggested the possibility of starting
SPET acquisition very early (5-30 min) after injection
even at rest, and of continuing the study without a wait-
ing interval, the second injection being given at the peak
of exercise at a dose 3 times that of the first one [3, 7].
This allows the study of each patient to be completed
within 2 h, and it offers more flexibility in the organiza-
tion of optimal throughput of patients. The very short
same-day 2-h protocol seems especially convenient for
out-patients. The present multicentre study confirmed
high image quality even in the low-dose rest studies,
when SPET was performed shortly after the tracer injec-
tion (19x14 min, mean+SD). Inferior quality of mostly
rest images acquired extremely early post injection (724
min) in some cases caused difficulties but did not ulti-
mately inhibit diagnostic evaluation: difficultics in inter-
pretation occurred in 7% of the patients due to interfer-
ence by subdiaphragmatic activity, and in 5% due 1o the
presence of high heputic activity and low myocardial
count density.

Concerning image quality, it would bz preferable (o
starl with the study at stress, because liver uptake is low-
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er and background clearance faster due to rapid accumu-
lation in skeletal muscles [15]. Thus, the contrast of
" stress defects is optimal with stress/rest protocols. How-
ever, defect regions may be photon deficient, and revers-
ibility of apparent fixed defects may be masked due to
the fact that no “true” rest image is obtained when super-
posed on stress activity [14]. Nevertheless, comparative
analysis of imaging protocols [S, 14] did not reveal any
effect on diagnostic sensitivity from these limitations of
stress/rest and rest/stress protocols. The possibility of di-
minished tracer uptake by hibernating myocardium at
rest after previous stress-induced ischaemia is another
argument for preferring the rest/stress sequence, at least
when using a very short same-day protocol, as in this
study.

Overall derection of CAD and identification
of individual diseased coronary arteries

The resulis of the present multicentre clinical trial of 142
paticnts who underwent 99mTe-tetrofosmin myocardial
SPET in a 2-h reststress protocol and CA may require
some further comments to permit better understanding in
comparison to published data from similar studies. For
example, partial data (n=22-26) are available from Euro-
pean [4] and Japanese [8, 13] phase III studies using
99mTe-tetrofosmin myocardial SPET with same-day 5-h
and separate-day rest/stress protocols, from the “UCM
93" [16] single-centre study using a separate-day 9?mTc-
sestamibi protocol (the reporting centre is the same as
centre 001 of the present multicentre study) and from the
“USA 94” multicentre study [17] using a same-day 4- to
5-h rest/stress protocol with 99mTc-sestamibi.

The results in respect of the overall detection of CAD
were quite similar in the present and comparable studies:
the senstivities of 90% and 92% for 275% and 250%
stenoses, respectively, in the present study did not differ
significantly from reported figures of 86%, 100% and
91% (4, 8, 17), nor did the accuracy of 85% in the pres-
ent study differ significantly from the figure of 80% re-
ported in the “USA 94" multicentre study [17]. In the
current study there was no significant difference be-
tween the results in terms of sensitivity and accuracy for
all patients and for the non-MI subgroup, despite the fact
that most of the false-positive results and all the false-
negative were found in ron-MI patients, which gave rise
to the low specificity and considerably influenced the
sensitivity for the overall detection of CAD in the entire
group of patients.

The sensitivity for the correct identification of LAD
stenosis was low in the present study as compared with
that expected from routine clinical application of myo-
cardial SPET in patients with a single LAD stenosis. Thc
low sensitivity for LAD localization, which was even
more pronounced in patients without prior myocardial
infarction (non-MI), seems to have been due to the high
number of patients with multivessel stenosis (18/24) in

the present study. By comparison with the values of sen-
sitivity and specificity in studies with corresponding ste-
nosis criteria, the results of the present study are slightly
lower: sensitivity 69% (275% stenosis) and 64% (250%
stenosis) versus 69%—-89% [4, 8, 13, 16, 17] and speci-
ficity 78% and 84% versus 76%-93% [8, 13, 16, 17].

The rather low sensitivity for the recognition of LCX
stenosis and the greater than 90% specificity agreed with
the published results except for the higher sensitivities of
85% and 70% and the lower specificities of 83% and
80% from the “UCM 93” [16] and the “USA 94” [17]
studies applying territorial quantitation. A striking dif-
ference, however, exists for the relation of SPET defects
to RCA stenosis: The specificity of about 50% for both
>50% and 275% stenosis criteria and for non-MI pu-
tients in the present study is much lower than all pub-
lished values (60%-86%) (8, 13, 16, 17].

Another recent report of an international multicentre
trial [11], is hardly comparable with the present study
because planar scintigraphy was used with reference to
CA in 181 patients: the results similarly showed a ten-
dency toward lower values for regional sensitivity and
specificity.

Thus, as far as the results are comparable, given the
application of different imaging techniques (planar scin-
tigraphy or SPET), the use of qualitative or semiquanti-
tative evaluation, and the relatively small number of pa-
tients in some of the studies, the common and only con-
vincing difference in diagnostic accuracy seems to be in
respect of the detection of RCA stenosis, obviously due
to a high rate of false-positive tetrofosmin results for the
inferior wall region. There are several possible explana-
tions for this high rate of false-positive results: the well-
known variance of overlap between LCX and RCA terri-
tories may have been the cause in 12 of our 33 cases. In
addition, nine of the false-positive SPET results really
could be regarded as false-negative results of CA (three
patients with documented infarcts and six with a patho-
logical exercise reaction but normal CA results). The
small number of remaining unexplained false-positive
results corresponded mostly to fixed or mixed defects,
presumably due to attenuation effects.

Different referral bias between centres can influence
the results considerably, too {14, 17]: A tendency toward
higher diagnostic accuracy that may reach statistical sig-
nificance has been reported for patients with previous
myocardial infarction (M1 patients) [10, 14, 16. 17]. In
the present study the incidence of MI patients was much
less (64/142 patients=45%) than in the “UCM 93" study
(78/125=62%) [16] and the “USA 94" multicentre study
(56%) [17]. In our multicentre study we observed that
most of the false-positive SPET results concerning over-
all CAD detection occurred in patients without prior
myocardial infarctions (non-MI), and correspondingly
that the proportion of non-MI patients was significantly
higher (P<0.01) in the group with false-positive SPET
results for territorial identification (33/42=79%) than in
the whole population (78/142=55%); further more, the

European Journal of Nuclear Medicine Vol. 23, No. 6, June 1996




(wo participating centres with the highes rates of false-
positives had more non-MI patients (37/59=63%) in
comparison with the mean of the other centres
(41/83=49%). These observations suggest that there may
be a need for more objective, quantitative thresholds for
correct territorial evaluation of SPET images, especially
regarding the inferior and posterolateral wall regions.

Conclusion

The present study confirms the usefulness of %mTc-tet-
rofosmin (Myoview) for myocardial perfusion SPET. A
very short same-day rest/stress protocol using a 1:3 split
dose with SPET acquisition shortly after injection offers
the possibility of performing the study within <2 h. A
time interval of 20-30 min between tracer injection and
commencement of SPET acquisition seems to be opti-
mal for obtaining high-quality images and avoiding ex-
cessive liver activity and overlying bowel activity, even
for the low-dose study at rest. Some limitations in diag-
nostic information and accuracy such as the low sensitiv-
ity for the detection of LAD territory disease and a high
rate of false-positive results for RCA-dependent disease
may be related to referral bias (incidence of multivessel
disease and prior myocardial infarction) rather than to
the short protocol or the use of %MTc-tetrofosmin.

Acknowledgements. The authors wish to thank Dr. Ignacio Carrié
for critical revision of the manuscript. The assistance of Gracia
Espuela in the management of the multicentre data compilation
and the preparation of the tables is greatly appreciated. The #*mTc-
tetrofosmin (Myoview) used in these clinical studies was provided
by Amersham Ibérica S.A. and Amersham International plc. The
study was supported, in part, by the financing of a sabbatical year
for Prof, R. Montz by Direccién General de Investigacién Ci-
entifica y Técnica (DGICYT) del Ministerio Espanol de Edu-
cacién y Ciencia.

References

). DePuey EG. An update on radiopharmaceuticals for myocar-
dial perfusion imaging. J Nucl Med 1994; 35: |TN-20N.

2. Sinusas AJ, Shi Q, Saltzberg MT, et al. Technetium-99m-tet-
rofosmin to assess myocardial blood flow: experimental vali-
dation in an intact canine model of ischemia. J Nucl Med
1994; 35: 664-671.

3. Sridhara BS, Braat S, Rigo P, et al. Comparison of myocardial
perfusion imaging with technetium-99m-tetrofosmin versus
thallium-201 in coronary artery disease. Am J Cardiol 1993;
72:1015-1019.

European Journal of Nuclear Medicine Vol. 23, No. 6, June 1996

1L

12.

13.

G

. Sridhara B, Sochor H, Rigo P, et al. Myocardial single-photon

emission. computed tomographic imaging with technetium-
99m-tetrofosmin: stress-rest imaging with same-day and sepa-
rate-day rest imaging. J Nucl Cardiol 1994; 1: 138-143.

. Berman DS, Kiat HS, Van Train KF, Germano G, Maddahi J,

Friedman JD. Myocardial perfusion imaging with technetium-
99m-sestamibi: comparative analysis of available imaging
protocols. J Nucl Med 1994; 35: 681-688.

. Kelly JD, Forster AM, Higley B, et al. Technetium-99m-tet-

rofosmin as a new radiopharmaceutical for myocardial perfu-
sion imaging. J Nucl Med 1993; 34: 222-227.

. Jain D, Wackers FJT, Mattera J, McMahon M, Sinusas Al,

Zaret BL. Biokinetics of technetium-99m-tetrofosmins: myo-
cardial perfusion imaging agent: implications for a one-day
imaging protocol. J Nucl Med 1993, 34: 12541259,

. Nakajima K, Taki J, Shuke N, Bunko H, Takata S, Hisada K.

Myocardial perfusion imaging and dynamic analysis with
technetium-99m tetrofosmin. J Nucl Med 1993; 34: 1478~
1484,

. Wackers F, Berman D, Maddahi J, et al. Technetium-99m

hexakis-2-methoxyisobutyl isonitrile: human biodistribution,
dosimetry, safety and preliminary comparison to thallium-201
for myocardial perfusion imaging. J Nucl Med 1989; 30:
301-311.

. Rigo P, Leclercq B, Itti R, Lahiri A, Braat S. Technetium-

99m-tetrofosmin myocardial imaging: a comparison with thal-
lium-201 and angiography. J Nucl Med 1994, 35: 587-593.
Zaret BL, Rigo P, Wackers FIT, et al. and the Tetrofosmin In-
ternational Trial Study Group. Myocardial perfusion imaging
with technetium-99m tetrofosmin. Comparison with T1-201
imaging and coronary angiography in a phase III multicenter
trial. Circulation 1995; 91: 313-319,

Sasaki Y, Nishimura T, Kubo A, et al. Evaluation of the ¢lini-
cal usefulness of a new myocardial imaging agent technetium-
99m tetrofosmin PPN1011. A report of multicenter phase III
clinical trials. Jpn J Nucl Med 1993; 30: 257-271.

Tamaki N, Takahashi N, Kawamoto M, et al. Myocardial to-
mography using technetium-99m-tetrofosmin to evaluate cor-
onary artery disease. J Nucl Med 1994; 35: 594-600.

. Braat SH, Leclerq B, Iiti R, Lahiri A, Sridhara B, Rigo P.

Myocardial imaging with technetium-99m-tetrofosmin: com-
parison of one-day and two-day protocols. J Nuel Med 1994;
35: 1581-1585.

. Highley B, Smith FW, Smith T, et al. Technetium-99m-1,2-

bis[bis(2-ethoxyethyl)phosphinojethane: human biodistribu-
tion, dosimetry and safety of a new myocardial perfusion im-
aging agent. J Nucl Med 1993; 34: 30-38.

. Jurado Lépez JA, Ruiz Salmerén R, Diaz Buschmann I, et al.

Aplicacién de la actividad media contenida en regiones de in-
terés circulares del mapa polar en la identificacién de arterias
coronarias lesionadas. Rev Esp Cardiol 1995; 48: 164-175.

. Van Train KF, Garcia EV, Maddahi J, et al. Multicenter trial

validation for quantitative analysis of same-day rest-stress
technetium-99m-sestamibi  myocardial tomograms. J Nuel
Med 1994; 35: 609-618.




