
The Canadian Joumal of Hospital Phannacy - Volume 45, No. 2, April, 1992 53 

New Myocardial Perfusion Imaging Agents: 
A Review 

Jim Lin and Raymond Reilly 

ABSTRACT 
Thallium-201 (2°1TJ) has been the most commonly used 
agent for myocardial pe,fusion imaging. Its uptake is 
proportional to myocardial blood flow. Its ability to 
redistribute with time is useful in differentiating between 
ischemia and necrosis. However, its gamma energy is 
suboptimal for imaging and its three day half-life presents 
a heavy radiation burden to the patient Thus, new 
myocardial peifusion imaging agents have been developed 
Two classes of pe,fusion imaging agents, the isoni!rile 
complexes and BATO compounds are reviewed in this 
article. 

Of the isonitriles, Technetium 99m(99111Tc)-sestamibi is 
the most promising. It exhibits a very good myocardium 
to background ratio which is reached at 1-1.5 hours post
injection. The radioisotope 99111Tc has an optimum gamma 
energy for imaging and a short half-life. 99mTc-sestamibi 
does not redistribute and as such, two injections are 
required to distinguish between ischemia and necrosis. A 
same day rest-stress study can be carried out by having 
the two required doses in a 1:5 radioactivity ratio. The 
smaller dose is used for the rest study and the larger dose 
for the stress study. 

The BATO compound currently under study is 99mTc
teboroxime. It exhibits a very high and rapid myocardial 
uptake allowing images of the heart to be obtained at 
1-2 minutes post-injection. Due to a very rapid clearance, 
a second dose of equal radioactivity can be given 1-2 
hours later for the rest study. 99mTc-teboroxime is currently 
not yet licensed for use in Canada. 
Key Words: myocardial imaging, radiopharmaceutical 
sestamibl teboroxime 
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RESUME 
le thallium 201 (201TI) est la substance la plus cou
ramment utilisee en scintigraphie myocardique. La cap
tation de cet element est proportionnelle au debit sanguin 
du myocarde. De plus, la redistribution du thallium avec 
le temps permet de distinguer l'ischemie de la necrose. 
Toutefois, le rayonnement gamma est inferieur au rayon
nement optimal pour la scintigraphie et la demi-vie de 
trois jours de !'isotope exerce un lourd tribut sur le malade. 
On a done mis au point de nouveaux produits pour la 
scintigraphie myocardique. le present article en examine 
deux, !es complexes isonitriles et /es composes BATO. 

Parmi !es isonitriles, le technetium 99m (99111Tc)-sestamibi 
paraft le plus prometteur. Ce compose donne un excellent 
rapport entre le myocarde et le rayonnement de fond de 
I a 1,5 heure apres l'injection. L'isotope 99mTc a un 
rayonnement gamma optimal pour la scintigraphie et une 
breve demi-vie. Cependant ii n'y a pas redistribution, ce 
qui necessite deu.x injections si on veut fa ire la distinction 
entre l'ischemie et la necrose. On peut neanmoins effectuer 
un examen au repos et un autre sous contrainte la meme 
joumee en injectant /es deu.x doses requises selon un rapport 
de radioactivite de 1:5. La plus petite dose servira. a 
l'examen au repos tandis que la seconde ira a· 1a scinti
graphie d'effort 

le compose BATO a l'etude est le 99111Tc-teboroxime. 
Ce produit est capte rapidement par le myocarde et en 
tres grande quantite, ce qui permet d'obtenir une image 
du coeur I ou 2 minutes apres !'injection. Une clairance 
tres rapide autorise l'administration d'une deu.xieme dose 
de meme puissance radioactive I ou 2 heures plus tard, 
pour la scintigraphie au repos. A l'heure actuelle, le 99mTc
teboroxime n 'est pas commercialise au Canada. 
Mots des: radiopharmacologie, scintigraphie myocar
dique, sestamibl teboroxime 
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INTRODUCTION 
Thallium-201 thallous chloride 
(20 1Tl) has been one of the most 
commonly used agents for cardiac 
perfusion imaging (Table I). This 

radiopharmaceutical is efficiently 
extracted by the myocardium from 
the blood. It is actively transported 
into the myocardium via the Na+/ 
K+ ATPase pump in a similar fa-

shion to potassium. 1 The myocar
dial uptake of2° 1Tl is proportional 
to myocardial blood flow.2,3 It is 
easily pumped in and out of the 
myocardial cells. As a result, with 
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time, thallium exhibits a tendency 
to redistribute itself as changes in 
myocardial perfusion occur.2 The 
ability of thallium to redistribute 
with time is useful to differentiate 
transient ischemia from scar and 
necrotic myocardium as a result of 
infarction.2,3 Therefore, if 201TI is 
injected at a time of transient lo
calized myocardial ischemia (as 
seen in angina or during exercise) 
the poorly perfused segment of the · 
heart will show reduced uptake of 
the tracer. At rest, the diseased part 
of the heart regains its blood supply 
and the defect in 201 TI uptake "fills 
in" with time (Figure I). Necrotic 
areas following infarction would 
show a persistently reduced tracer 
uptake. 

Thallium has several disadvan
tages as an imaging agent. It has 
poor imaging properties. Only a 
small proportion of the radiation 
emitted due to decay of 201 TI is 
suitable for external scintigraphy.2 

Imaging is normally performed us
ing the mercury (Hg) X-rays which 
have energies of 70-80 keV. This 
low energy results in significant 
soft tissue attenuation and poor re
solution. Also, 201 Tl achieves a 
high concentration in the kidney 
and has a long physical half-life 
of 73 hours.2,4 The combination of 
these factors results in a relatively 
high radiation dose to the patient 
limiting the amount of radioactiv
ity administered to about 111 MBq 
(3mCi). Administration of this 
dose would deliver 5cGy of radi
ation dose to the kidneys.4 The 
redistribution of 201Tl with time 
can also be a disadvantage since 
it necessitates the rapid initiation 
and completion of imaging.5 Sev
eral new radioactive tracers for 
perfusion have been developed to 
overcome these disadvantages. 

Early 99mTc-Isonitrile Complexes 
Technetium-99m (99mTc) is the 
most widely used radionucleide in 
nuclear medicine because it has 
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Figure I: A 20111 study demonstrating transient ischemia. Stress image (A) shows a 
perfusion defect of the anterior wall (arrow). Image obtained at rest (B) demonstrates 
that the previous perfusion defect has regained its blood supply. 
(Reprinted with permission from: Taillefer et al, Clin Nucl Med 1989; 14:89-96) 

many favourable qualities for nu
clear imaging.3 The problem of 
tissue attenuation is less with the 
higher energy 140 ke V gamma 
photons of 99mTc compared with 
the low energy 80 KeV Hg X-rays 
from zotTI.6 

Since 201TI is a potassium ana
logue and a monovalent cation, it 
was hypothesized that monovalent 
cationic 99mTc compounds can also 
be used in a similar fashion as 
myocardial perfusion imaging 
agents. Many investigators have 
prepared cationic Tc-99m isoni
trile complexes with a+ I charge.3 

One of the first isonitriles inves
tigated was Tc-99m t-butyl ison
itrile (TBI). It was promptly ex
tracted into the myocardium in 
animals after intravenous injection 
and the myocardial concentration 
of the tracer remained stable for 
several hours with no redistribution 
seen.3.4,5 The lack of redistribution 
meant that two injections were 
necessary (at rest and also at peak 
exercise) to distinguish between 
transient and exercise-induced 
ischemia resulting from irreversi
ble myocardial damage.3.4 How-

ever, there were some limitations 
to the use of this agent. There was 
high lung uptake initially and also 
high liver uptake.4,5,7,8 As a result, 
the myocardium could be imaged 
only 40 to 60 minutes after tracer 
injection.4,5,7 Also, TBI was cleared 
slowly from the myocardium 
which precluded injection of both 
the rest and exercise doses on the 
same day.7 

Another 99mTc isonitrile com
plex which has been studied is 
99mT c-carbomethox yisopropy li
sonitrile (CPD. CPI uptake by the 
lung peaked early and was cleared 
quickly.3,5,9,10 In the lung, one-half 
the radioactivity present at ten 
minutes remained after one hour; 
by three hours, little lung activity 
was evident. A high myocardium 
to lung ratio was observed at all 
times. 11 CPI also accumulated in 
the liver and heart. Liver activity 
peaked at ten to fifteen minutes 
and was cleared through the he
patobiliary system.3,5,10 As a result, 
the myocardium could be clearly 
visualized as early as ten minutes 
after administration, with much 
less interference with radioactivity 
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in the lungs compared with TBI.9 

Several studies have shown CPI to 
have high sensitivity and specificity 
for detection of coronary artery 
disease.9,10,11 

99mTc-Sestamibi 
Another complex belonging to 
the isonitrile family is 99 mTc 
2-methoxy-isobutyl-isonitrile 
(99mTc-sestamibi, hexamibi or 
MIBD (Table I). It is currently 
marketed in Canada by DuPont 
under the trade name of Cardio
liteR _ Its chemical structure is 
shown in Figure 2. Comparing 
TBI, CPI and sestamibi, McKusick 
et al have shown that sestamibi 
displayed the highest initial con
trast due to good heart uptake and 
low lung and liver uptake. 12 

Mechanisms of Uptake 
99mTc-sestamibi, a lipophilic com
plex, enters the myocytes via pas
sive diffusion. This results in re
duced efficiency of extraction 
compared with 201Tl, which is 
transported via the active transport 
Na+/K+ ATPase pump.2 Mousa et 
al demonstrated that sestamibi was 
40% extracted on first-pass-'3 This 
compares with the 80% extraction 
for 201Tl.2 The mechanism of 
myocardial uptake of sestamibi 
can be demonstrated by the fact 
that its uptake is unaffected by 
ouabain (a Na+/K+ ATPase inhib
itor), in contrast to thallium which 
is 50% inhibited by ouabain.I3,I4 
Also in contrast to 201Tl, no re
distribution is seen with sesta
mibi. 2,5,14 This may be due to the 
slow rate of myocardial washout 
and continual renal and hepatobil
iary clearance from the circula
tion.5 Some investigators have also 
reported that the lack of redistri
bution may be due to the binding 
of sestamibi with high affinity to 
a myocardial cytosolic site. This 
binding moiety has a small molec
ular weight in the range of 
104D. 1,14 Since sestamibi is unable 

Table I: Properties of Myocardial Perfusion Imaging Agents 

201T1 99mTc-sestamibi 99mTc-teboroxime 

gamma energy 70-80 KeV 141 KeV 141 KeV 

physical T 112 3.1 days 6 hours 6 hours 

first pass extraction 80% 40% 80-90% 

mechanism of Na•/K•ATPase 
extraction pump diffusion diffusion 

redistribution yes no no 

imaging protocol image after stress image 60 minutes image immediately 
and repeat image after rest dose after stress and 

4 hours later then stress dose rest dose 
given and repeat image 

60 minutes later 

usual dose 110 MBq rest = 296 MBq rest = 555 MBq 
stress = 814 MBq stress = 555 MBq 

dosimetry3 5mGy/110 MBq 5 mGy/111O MBq 5 mGy/111O MBq 

major route 
of elimination renal hepatobiliary hepatobiliary 

a: total body radiation absorbed dose 

CNR 

R • 

CNR 

Figure 2: Structural formula of 99mTc-sestamibi. 

to leave the myocardial cells and 
redistribute as blood flow changes 
(as is the case with 201 Tl), this 
means that two injections are re
quired. One injection must be given 
at rest and one during exercise in 
order to distinguish between tran
sient ischemia and infarcted sites 
(Figure 3 and 4 ). 

Pharmacokinetics 
Similar to 201Tl, myocardial up
take of sestamibi is proportional to 
blood flow in both animals and 
humans. 15 The first pass extraction 

fraction (40%) is lower than 201 Tl 
(90%). Unlike 201n, sestamibi is 
cleared very slowly from the my
ocardium and redistribution is neg
ligible. Sestamibi shows rapid 
blood clearance with low lung up
take and low peak liver activity.3 

It is cleared quickly through the 
hepatobiliary pathway. Sestamibi 
kinetics in normal volunteers 
showed marked accumulation in 
the liver and spleen during the first 
60 minutes after a resting injection. 
Despite this, the heart was well 
visualized. When given at rest, in-
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Figure 3: A 99mTc-Sestamibi study demonstrating transient ischemia. After administration 
of the stress dose, a perfusion defect is seen in the infero-lateral wall (arrow). After 
a(Jministration of the rest dose the previous perfusion defect has regained its blood 
supply. 
(Reprinted with permission from: Taillefer et al, Clin Nucl Med 1989; 14:89-96) 
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Figure 4: A 99mTc-sestarnibi study demonstrating infarct or necrosis. Both rest (A) and 
stress (B) images show the persistence of a perfusion defect (arrow). 
(Reprinted with permission from: Taillefer et al, Clin Nucl Med 1989; 14:89-96) 

itially liver had accumulated more 
radioactivity than the heart but this 
decreased with time as the radi
opharmaceutical was excreted into 
the hepatobiliary system. From 

1-1.5 hours after a rest injection, 
the radioactivity in the heart was 
higher than in immediate adjacent 
organs. 16 

After an exercise injection, sub-

stantially less uptake in the liver 
was observed with excellent vis
ualization of the heart as compared 
to injection at rest. 15,16 When ses
tamibi was administered after ex
ercise, the heart had higher con
centration than the adjacent 
organs. Substantial excretion into 
the gallbladder can be noted both 
after exercise and at rest, reaching 
a maximum at approximately one 
hour after injection. At both rest 
and exercise, the gallbladder has 
a higher radioactivity concentra
tion than the heart throughout the 
length of the study. 16 The agent 
clears rapidly from the blood and 
is excreted through the urinary and 
biliary systems. Approximately 
60% is excreted within the first two 
hours.8 At rest and exercise, the 
clearance curves are biexponential 
with an initial fast distribution 
phase and a later slow clearance 
phase. 16 

Okada et al investigated the my
ocardial kinetics of sestamibi in 12 
dogs with experimentally induced 
ischemia. 15 Sestamibi myocardial 
clearance was minimal and not 
significantly different for both the 
normal and ischemic zones. In 15 
patients with coronary heart dis
ease, washout in normal myocar
dium and myocardial defects were 
also found to be very similar. 17 In 
contrast, a study by Franceschi 
found different rates of myocardial 
washout for the normal myocar
dium, mild and severe myocardial 
defects. 18 

Sestamibi Compared with 201Tl 
When compared with 201Tl, ses
tamibi consistently resulted in im
ages of improved quality.5 The 
sestamibi images were less gran
ular and had a "crisper" quality. 16 

Clinical trials with sestamibi have 
reported sensitivities and specific
ities for detection of coronary ar
tery disease similar to that of2° 1 T 1. 
In 38 patients, comparison with 
201 Tl showed concordance regard-
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ing either normality or abnormality 
in 87% of the cases. 16 Many other 
investigators have also found that 
there is no significant difference 
between 201Tl and sestamibi in 
myocardial defect detection or in 
the size of the defect detect
ed.17,18,19,20 Myocardial imaging 
with sestamibi has also been found 
to have a detection rate of coronary 
artery disease similar to that with 
coronary angiography.16,21 

Radiation Dosimetry 
Technetium-99m has a relatively 
short physical half- life of six hours. 
The excretion of sestamibi is 
mainly via the hepatobiliary route 
with some renal excretion. This 
combines to provide highly favour
able radiation dosimetry. Doses as 
high as 1110 MBq (3OmCi) per 
70 kg have been routinely em
ployed.5 According to Wackers et 
al 16, organs involved in the excre
tory pathways of sestamibi such as 
gallbladder, intestines, kidneys and 
bladder receive the highest radi
ation absorbed dose per unit of 
injected radioactivity. The critical 
organ appears to be the upper large 
intestine.5,16 It appears that 1110 
MBq (3OmCi) can be administered 
with no individual organ dose ex
ceeding 5 cGy.16 

Dosage and Administration 
Protocol 
Since sestamibi does not redistrib
ute, in order to distinguish transient 
ischemia from infarcted sites, a 
second injection of 99mTc-sesta
mibi is needed. One injection is 
administered at rest and one in
jection during exercise.2,3,I 7 In 
order to allow for myocardial ra
dioactivity from the first injection 
to decrease, the two injections have 
been given 24 hours apart by many 
investigators thereby requiring a 
next day visit.3,5,s,is,21 This is im
practical in clinical practice as it 
is preferred to perform both studies 
on the same day. 

For same day evaluation, two 
separate 99mTc-sestamibi doses are 
given in a I :5 or I: IO ratio so that 
during the second examination, 
one can neglect the remaining ra
dioactivity from the first injec
tion.17 Taillefer et al compared 
sestamibi images using either a 
short or long interval between rest 
and stress injections.22 For the 
short interval protocol, 259-370 
MBq (7-IOmCi) was administered 
at rest and the patient imaged 30 
to 60 minutes later. Immediately 
after the resting study, 925-1110 
MBq (25-3OmCi) was adminis
tered at stress and the patient im
aged again 30 to 60 minutes later. 
In the long interval protocol, the 
patient received a dose of 3 70 MBq 
(IO mCi) at stress two days after 
the initial dose of 370 MBq (10 
mCi) given at rest. Qualitative and 
quantitative comparisons between 
the short and long protocol showed 
that both protocols had the same 
diagnostic accuracy in the evalua
tion of segmental myocardial per
fusion. Both methods showed the 
same number of ischemic seg
ments and fixed deffects. The lo
calization of defects was also iden
tical. The similar results obtained 
in both the same day and two day 
imaging protocols was also con
firmed by Broges-Neto et aJ.23 
Therefore, it is feasible to admin
ister the doses for both rest and 
stress studies on the same day. 

To determine which study to be 
done first, 18 patients were en
rolled in a trial comparing the rest
stress and stress-rest sequence pro
tocols.24 Both injection sequences 
produced images which were sim
ilar in 15 / 18 patients. However, in 
three patients, certain myocardial 
segments which were normal on 
the rest images of the rest-stress 
protocol, showed persistent defects 
on the rest images of the stress
rest sequence. Thus, the injection 
of 925 MBq (25mCi) of 99mTc
sestamibi at rest was not able to 
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completely fill in the significant 
defect observed after the stress 
phase injection. As a result, revers
ible defects confirmed with a 201Tl 
scan were not reversible with 
99mTc-sestamibi if the stress-rest 
protocol was used. 

Giving the resting dose first has 
several advantages: 

(I) Since the rest study usually 
shows relatively uniform activity 
distribution, it is therefore easier to 
visualize a defect at stress on a 
uniform background activity from 
the rest study than to demonstrate 
the filling in of a defect in a stress
rest protocol. 

(2) Although both rest and 
stress studies are equally impor
tant, diagnostically, it is more im
portant to have better radioactivity 
counting statistics on the stress 
images. 

(3) For a given amount of in
jected radioactivity, the absolute 
myocardial uptake of sestamibi is 
higher at stress than at rest due to 
greater blood flow at exercise. This 
means that the myocardial uptake 
of the second injection in the rest
stress protocol would be higher 
than the uptake of the second in
jection of the stress-rest protocol. 
As a result, the difference in myo
cardial uptake between the rest and 
stress images would be greater 
with the rest-stress than with the 
stress-rest protocoI.22,24 

Clinical Use 
In addition to myocardial perfusion 
imaging to detect ischemia or in
farction, 99mTc-sestamibi can also 
be used to assess myocardial per
fusion before and after thrombol
ysis therapy. 201TI cannot be read
ily used for this purpose since 
therapy would have to be delayed 
while a baseline perfusion image 
was obtained. Since 99mTc-ses
tamibi does not redistribute, it can 
be administered prior to thrombo
lytic therapy and a baseline per
fusion image can be obtained 
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later.2 99mTc-sestamibi has been 
used to demonstrate the success of 
salvaging jeopardized myocar
dium following fibrinolytic therapy 
in patients with acute myocardial 
infarction (Figure 5)_20,25,26 

Global and regional function 
of both ventricles can be assessed 
using the first-pass technique (im
ages of a bolus dose of 99mTc-ses
tamibi on its first-pass through the 
heart immediately after injection). 
Therefore, simultaneous analysis 
of function and perfusion is pos
sible. 3,5,6,s 

In the many clinical trials of 
sestamibi, reactions from its ad
ministration have not been noted. 
Serious complications such as se
vere arrhythmia, worsening of an
gina or myocardial infarction have 
not occurred during or after stress 
testing. A transient metallic or bit
ter taste was experienced however 
by many patients within one min
ute of stress or rest sestamibi in
jection. This minor side effect 
lasted less than 15 seconds.21 ,22,24 

Bato Compounds 
BA TO compounds are boronic 
acid adducts of technetium oxime 
complexes.27 They are neutral 
seven coordinate technetium vici
nal dioxime complexes which have 
a boron group at one end. 3,27 One 
promising BA TO compound, not 
yet available in Canada, is 99mTc
SQ302 l 7, also known as teboro
xime (Figure 6 and Table I). 

Uptake Mechanism 
Teboroxime, a lipophilic com
pound, diffuses rapidly across the 
cell membrane.28 In dogs, where 
the tracer was injected directly into 
the proximal left anterior descend
ing coronary artery, the myocardial 
first-pass extraction fraction aver
aged 80-90%. There was no re
lationship between extraction frac
tion and myocardial blood flow 
over a wide range of flows (from 
0.3 - 7.7 mL/min/g myocar-
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Figure 5: Asessing the efficacy of thrombolytic therapy by myocardial perfusion imaging 
using 99mTc•sestamibi. 99mTc•sestamibi was administered following acute myocardial 
infarction immediately prior to initiating thrombolytic therapy. Image obtained 4 hours 
after injection of 99mTc•sestamibi revealed a septa! perfusion defect. A follow up study 
with 99mTc•sestamibi 5 days later demonstrated improved perfusion of the septa! area. 
(Reprinted with permission from: Kayden et al, J Nucl Med 1988; 29:1865•7) 
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Figure 6: Structural formula of 99mTc•teboroxime. 

dium).28,29 This favourabte charac
teristic means that the percentage 
of the dose extracted on the first
pass will be the same over a wide 

range of blood flow. Other tracers 
such as 201Tl and 99mTc-sestamibi 
demonstrate different extraction 
fractions with varying blood flow 
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thereby limiting the accurate as
sessment of myocardial perfusion 
at high blood flow.28 A study with 
isolated rabbit hearts also con
firmed that flow has a significant 
effect on the maximum net extrac
tion of2°1Tl but not Teboroxime.30 

Pharmacokinetics 
Studies in dogs and human volun
teers showed rapid clearance of 
99mTc-teboroxime from the myo
cardium. Lung uptake was low.3,7 

The hepatobiliary pathway was the 
major route of excretion for 99mTc
teboroxime.31,32,33 In animal test
ing, during the 24 hours after ad
ministration, approximately 68% 
of the dose was excreted in the 
feces and approximately 13% in 
the urine.32 Initially, the hepatic 
radioactivity was low, but rapidly 
increased relative to the heart so 
that the hepatic radioactivity 
peaked five to ten minutes after 
injection.33 99mTc-teboroxime ex
hibited a biphasic washout pattern 
from the heart.3,29,32 Up to two 
thirds was cleared with a half-life 
of two to four minutes in the initial 
rapid phase. The remainder was 
cleared slowly with a half-life 
ranging from 40 to 78 min
utes.28,31,33 Narra et al also dem
onstrated in rats that clearance 
from the blood was rapid.32 At one 
minute postinjection, less than 4% 
of the injected dose was present 
in the blood. In one clinical trial, 
15 minutes after injection only 
9.5% remained in the circulation.33 

Comparison with 201Tl 
Several investigators have found 
close agreement between 99mTc
teboroxime and thallium test re
sults.33,34,35,36,37 In a multicentre 
trial, 444-1480 ( 12-4OmCi) of 
99mTc-teboroxime was adminis
tered to 19 patients.34 Investigators 
rated the quality of the teboroxime 
myocardial images as fair or good 
in 92% of the studies. Sensitivity 
and specificity were 83.2% and 
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92.1 % respectively. Imaging with 
99mTc-teboroxime showed agree
ment with 201n in 90.4% of the 
cases. In another study, diagnostic 
information obtained from 30 pa
tients who recently underwent 
201 Tl imaging and/or cardiac 
catheterization was compared to 
images obtained with 9901Tc-tebo
roxime. 35 Correlation of diagnostic 
information was noted in 90% of 
cases. Location of ischemia and 
infarction was correlated exactly in 
21 of 28 patients. There appears 
to be no significant difference be
tween the ability of 99mTc-teboro
xime and 201Tl to detect myocar
dial perfusion defects and coronary 
artery disease. In one study by 
Seldin et al, it was noted that due 
to the high liver activity observed 
with 99mTc-teboroxime, inferapical 
segments of the heart were obscur
ed in 15 of 21 patients studied.33 

However, this did not affect the 
identification of perfusion abnor
malities and resulted in no signif
icant difference between 201 Tl and 
99mTc-teboroxime in detection 
efficacy. 33 

Radiation Dosimetry 
Since 99mTc-teboroxime is mainly 
excreted via the hepatobiliary route 
and to a lesser extent in the urine, 
the small and large intestines are 
the critical organs. Based on 
animal data, the small and large 
intestines will each receive 2.55 
and 2.40 cGy/555 MBq (170 and 
160 mrad/mCi) respectively. The 
liver, kidneys, and ovaries will each 
receive approximately 0.75 cGy/ 
MBq (50 mrad/mCi). Thus a dose 
of up to 1110 MBq (30 mCi) per 
clinical study either in single or 
divided dose may be given with 
acceptable radiation dosimetry.32 

Dosage Administration and Imag
ing Protocol 
Myocardial images of good quality 
can be obtained as early as one 
to two minutes after injection (Fig-
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ure 7).3,7,33 From the pharmacoki
netic studies which demonstrated 
a very rapid myocardial clearance 
and peak hepatic uptake at five to 
ten minutes post injection (PD, it 
is suggested that imaging be 
started within two minutes PI and 
completed by ten minutes PJ.20,28,35 
Image completion within ten min
utes can be accomplished by de
creasing the acquisition time per 
projection for single photon em
ission computerized tomography 
(SPECT) imaging or using planar 
imaging technique.20,36 

The rapid myocardial clear
ance kinetics allows administra
tion of a second dose within one 
to two hours.33 ,34,35 After one to 
two hours, most of the myocardial 
radioactivity has cleared. There is 
no need to inject a second dose 
containing higher radioactivity as 
is the case with 9901Tc-sestamibi. 
Several investigators have used 
two equal 555 MBq (15 mCi) 
doses for both the rest and stress 
studies with a two to three hour 
interval between studies.33,35,36 

Summary 
Due to the imaging and radiation 
dosimetry limitation of 201Tl, a 
number of 99mTc labelled myocar
dial perfusion imaging agents have 
been developed. These include 
99mTc isonitriles and the BA TO 
compounds. 

Of all the isonitrile complexes, 
99mTc-sestamibi seems to be the 
most promising, exhibiting the best 
target: background ratio. 99mTc
sestamibi is a useful agent for as
sessing myocardial perfusion. It is 
taken up into the myocardium in 
proportion to myocardial blood 
flow. Clinically, its ability to detect 
a perfusion abnormality is similar 
to that of 201Tl, the current per
fusion imaging agent of choice. 
However, better quality images 
were consistently reported for 
99mTc-sestamibi due to the more 
optimum gamma energy of 99mTc 
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Figure 7: A 99mTc-teboroxime study demonstrating a fixed anteroapical perfusion defect 
(arrow) at exercise (A) which is smaller at rest (B). 
(Courtesy of Dr. R. Burns, Director of Nuclear Cardiology, The Toronto Hospital, Western 
Division). 

for imaging. It is cleared rapidly 
from the blood mainly via the 
hepatobiliary pathway. The short 
half-life of 9901Tc (six hours) and 
the rapid clearance of sestamibi 
combine to give favourable dosi
metry. A dose of 1110 MB (30 
mCi) can be given without any 
organ exceeding 5 cGy. The ad-

ministered dose is ten times higher 
than that permitted with 201 Tl. The 
lack of redistribution seen with 
sestamibi necessitates two separate 
injections to differentiate between 
ischemia and infarct. Studies have 
shown that the best protocol is to 
split the two doses in a I :5 ratio. 
The small dose is administered first 

for the resting phase and the large 
dose is administered second for the 
stress phase of the study. 

9901Tc-Teboroxime or SQ302 l 7 
is of the BATO family. Its first
pass myocardial extraction is very 
high (approximately 90%). It is 
cleared quickly from the blood and 
the myocardium. Five minutes af
ter injection, approximately 70% 
of the activity has cleared from the 
myocardium. The rapid washout 
means that imaging should be 
started within two minutes PI and 
completed by ten minutes PI. Its 
rapid clearance also allows for 
same day evaluation of rest and 
stress perfusion and the rest dose 
and stress dose can be of equal 
radioactivity. Based on animal 
data, it is thought that 1110 MBq 
(30mCi) can be safely adminis
tered to humans. This means that 
555 MBq (15mCi) can be injected 
for the rest study and two to three 
hours later another dose of 555 
MBq (15mCi) can be administered 
for the stress study. The clinical 
trials to date have shown 9901Tc
teboroxime to be comparable to 
20 1Tl in evaluating myocardial 
perfusion defects.•~ 
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