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The hexakis(isonitnle)technetium(l) analog ['",nTc|cartx>methoxy¡sopropyl ¡sonitrile (CP!) has 
high myocardial uptake and rapid lung and liver clearance in most animal species. To evalúate 
[ " " ’Tc|CPI as a myocardial imagjng agent in the human, we evaluated this tracer in three 
normáis and in six patients with coronary artery disease (CAD). In normáis, [""T c )C P I cleared 
quickly from the lungs and accumulated in the liver and heart. The liver activity peaked at 10- 
15 min and cleared through the hepatobtliary system. Planar images were of excellent 
technical quality with high myocardtal to background ratios as early as 10 min after injection 
Myocardial activity fell gradually to 76.1 ± 2.9 (s d.)% of initial activity by 60 min after 
injection In six patients with CAD, myocardial defects were present on planar images up lo ? 
hr after exerctse and injection. In one out of six patients, the defect was not seen 3 hr after 
injection. Iri uve oí irte six patients, normal perfusión patterns weie observed i hr anei 
rejfljpptinn ^  rest (4 hr the initial ,n n̂ tn̂ nt wfv* íipvoinrwi
opomai icuuj ai ivjii id píío» iu t olí thtí ptí» iüoiui » ucic^io oUicu. i • ic i Jiuuy >_>
Has/c I-atar o# í ^ ^ ' T r » g f  fes* W3S n'r'vrrr'T o rh n u fn  im.QQm r'PI anr^varc
nava avroiian» M̂Ok)Ql€ pfOpertieS tor • «cf* m ^^ortatinn myorarrl^l iman'On
tA/mi
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M▼ l_yocardial perfusión imaging with thallium-201 
( " 11) his hecome a pumne part of the chniral evalu- 
ation of patients with coronary artery disease (C A I)) 
(/). While the initial dislribution o f '" 'T I relleets blood 
flow, it is not an ideal radiotraeer. Rapid serial evalua­
ban ,»f .«crfus!;»; “  ü'.'! possinle because i*f i*v 
pnysical hall-lile and slow myocardial clearance. Image 
quality is marginal because of its low-energy radiation. 
F urthermore, its myocardial distribution refleets tlow 
for only a short lime alter stress because of redislnbu- 
tion
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diology, Brighain and Womcn's Hospital. 75 Irancis St Bosion 
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Recently, a numtn:r of hexakis(isonitrilc)technetium 
->n*í<>í>> ho<_-n with technel>um-lWm ( "  le»
(V). One of these, (" " Tc ] I  BI, distribuios m a patiem 
whicli relleets myocardial blood IIow and accumulates 
with sulTicient avidity in the human heart so that planar,
....... :::vJ imi'ge;- '>r !ii"h ’.echmcal c;u îü'.
can lie obtamed (>) l inlortunately. its high lung and 
liver uptake and rapid redistribuyen preclude its use 
diirmg stress Bascd on prelimmary data derived from
animal studies, [....rc)carhomelhoxyisopropvl isom-
li i le í[....Ic jC P I) luis more favorable biologic charac-
leiistics. with avul accumulation by the normal nno- 
cardium and rapid clearance from the lung and li\er 
(<U

We report the llrsi applicution of (Jiis new myocardial
imaging agent, [.. " Ic jC P I,  in normal subjeets and m
paiienls witli coronaiy artery disease.
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Siente. pyrogen-lrec kits wcrc picparcd by dissolving 3.125 
¡i ol /n(( l’l) Hr- m I(K) mi ol slcrile, nonpyrogcmc salmc. 
Using asccplic tcchmquc, I-mi aliquots were dis|x-nscd 
througli a D 22-*/m Millcx C»V sterilc fillcr.’ into 10-ml sterile 
\ uils tlial wcrc prc-coolcd with liquid nitrogcn. I lie kits were 
stored Iro/cn until required i he | ' I c|t TI was prepared by 
adding lc ()4 solulion (75— 100 in( i m 0 .2-0.8 mi) to a 
Cilucosan kit' Ibllowed by 0.8 mi ol /n(( l’DBr solulion 
Irom a thuwcd kit The mixture was incubated at room 
icmpcraturc lor 15 mili, [ lie eontents of the vial wcre witli- 
drawn and diseardcd and the vial was rinsed twice with 10 mi 
ol stcrile water. Sterile cthanol 0 5 mi was added lo the vial 
and swirled around all inside surlaces to dissolve the [ ' “"le j 
( l’l absorbed on the walls I inally, 1.5 mi of sierile satine was 
added to the vial. The 25% cthanol solution eontaining — 20',' 
ol the original activity was then tested lor radioehemical purity 
by TLC' using Whatman KO-18 reverse phase piales and 
mcthanol:acetonitrile:0.5A/ ammonium acetaic. tetrahydro- 
furan (3:3:2:2) as thc solvent. Llnder these conditions thc Rf
ol f....Te]OP!. TcOj , lechnetium-glucoheptonatc and T.'O
xll.'O is 0.65-0.75, 0.9-10, 0-0.15 and 0, respectivcly The 
radiocliemical purity was >95% in all preparations used in 
tliis study,

Imaging Sludie»
1 hree maic volúnteos <ages 45, 57, and 58 yi oíd) wnhout 

elmieal evidenee of cardiopulmonary disease and with normal 
stress clcetrocardiograplly and six palients wuli iv pical angina 
iveioris. wiih stronglv positive exereise stress tesis and with 
eithcr evidenee of transient ischcmia on standard planar 1 11 
or evidenee of ( A I) by eotonary angiography wcrc studicd 
during stress and at resl. All subjeets were studied m the 
lasting slaie and underwcnt upright bieyele oí Ireadmill er 
gometry cilherlo85% ofpredicted hearl rate(normal subjeets) 
oí to thc level of cxcrcisc reached with the initial exereise 
stress test. [ I cJCPI (5 mC'i) was injecled intravcnously and 
cxcrcisc was continued for an additional 30-60 see

In the normal subjeels, imaging began al 10 min after 
injeelion in the 30” left anterior oblique (LAO) projection 
using a large field-of-view Anger scintillalion camera posi 
tioned over the myocardium, lungs, and liver. Dynamic im­
aging m the normal was performed for 50 min collecting I 
lrame/30 see with a 128 x 128 matrix Al I, 2, and 3 hr. 5- 
min planar myocardial images wcrc performed in the anterior 
and 3(1°, 45°, and 70° LAO projeclions collecting ~400-500 
ihousand eounts per image and — 100 thousand counts Irom 
thc myocardium.

In the palients with coronary artery diseasc. 5-min planar 
myocardial images wcrc performed in the anterior and 30", 
45°. and 70° LAO projeclions at 10-30 min. I. 2. and 3 hr 
alto cxcrcisc An additional 5 mCi of | " n' Tc]C l’l wcrc injected 
4 In altcr the initial injeelion with thc palien! al rcsl and 
icpcat myocardial images wcrc obtained 60 min aflcr injec- 
lion. No allcmpt was made to subtract thc activity from thc 
lirsl injeelion.

( learancc ol the radiolraco was dcfc imined in thc normal 
subjeels (rom Ihe lung, heart, and liver for the first hour altcr 
injection by taking an average activitv per pixel from the Ihree 
regions of ínteres! (hearl, lungs, and liver)

F IGURE 1
Normal myocardial images obtained 1 hr after injection of 
¡Wi”Tc|CPI during peak exereise in a normal volunteer 
Intense hepatic activity is íocused in the central portion of 
the liver and gallbladder with substantial clearance from 
the periphery

The (.. " Ic ]( (‘I soniigiaphic images were interpreted in-
dependently by three trained observéis. For the CAD palients 
the images were then compared wiih thc exereise F.CG (six 
palients) and the corrcsponding 301 TI images (ftve patients) as 
to presence and loeation of transient ischemia.

R K S U L T S

1 ollowing í.v. injection in the normal subjeets, the 
radiolracer cleared quickly from the lung and accu- 
mulated in the liver and hcart (Fig. 1). The heart to 
lung activity ratio was 1.7 ± 0.3 s.d :1, 1.9 ± 0.1:1; and 
2.4 ± 0.2:1 at 10, 30, and 60 min aíter injection, 
rcspectively. The liver activity peakcd at ~10 -15 min 
after injection and cleared slowiy through the hepatobii- 
iary system (Fig. 2). Gallbladder activity was present by 
15 min and liver activity was reduced below its peak 
valué by I hr; because of myocardial clearance, the

Time After Injection (m/n)

F IG URE 2
The clearance of (""T c JC P I from one of the norma! sut> 
jeets following injection during exereise



iku il lo livcr aclivii) rano '.vas uiichangcd al 60 mm 
compared with llu: lime ol‘ iiiaximuin livor activiiy, 
(licart tu livcr activ ilv rallo: 0.6 i  0 .1: 1 a! I hr compared 
vmiIi 0.6 ± 0.2:1 al máximum livor uclivit>). I i ver 
aeiiviiy 1,11 furlhcr by 2 aiul i hr altor injcction. Myo- 
cardial activity was umlormly distribuled throughout 
thc Iclt ventílele with less aclivity scen m i lio nghl 
ventílele. Myoeardial aelivity fell slovvly with 76.1 ± 
2.9'i of the initial aetivity reinaining m the heari 60 
min after injcction

Nono of the paticnts with ( A l )  had resting FC G  
abnormahties or previous myoeardial infarclions hy 
history. In four paticnts, exercisc was stopped bceause 
oí chest pain; in iwo palients exercise vvas stoppcd 
bceause of fatigue. All ol the paticnts developed S I 
segment depression of >2 mm during their exercisc test.

Focal defeets werc presen! on ('w"'T c]CP I ímages 
obtained alter exercisc in all six palients (Fig. 3). In the 
five patients with reversible myoeardial perfusión de­
feets on ‘"T I imaging. the defeets on thc [‘w"T c ]C P I 
images were in the same loeation. In the sixth patient, 
coronary angiography I mo prior lo the [ ' '" ’T c jC P I 
study showed that a dominant right coronary artery 
was 100% occludcd with Iclt to right collaterali/ation. 
A 90% stenosis was present in thc Iclt anterior descend- 
ing artery Left vcntriculography showed that the infe­
rior wall and apex werc contracting normally. An infe­
rior wall perfusión defcct was present on [‘'‘'"’T c jC P I 
after exercisc (Fig. 4).

In ¡ive ol tile .i \ palients, thc perfusión delcets per- 
sistcd on plana: images obtained up to 3 hr after cxcrcise' 
and injcction. In une patient, thc defect was mdistinci 
bv í hr, bul was elearly delined on images obtained I 
and 2 hr after cxcrcise. In liveofsix paticnts. the images
obtained I hr alter reinjection of 5.0 m( i of | ....I e)C PI
(4-5 hr after thc lirst injcction) werc normal with 
umform distribution oí the tracer throughout thc Iclt 
ventricular wall

One of thc paticnts (Patient 3, Table I) suslatned 
spontaneous anginal pain accompanied by 2 mm S I 
segment depression beginning 3.5 hr after the initial 
injcction He was reinjected with [‘' '" ’TcjC PI during the 
chest pain (Fig 5i. A perfusión defect involving the 
inferior wall of thc Iclt ventricie similar, but more 
intense, than the one observed after exercise was presen! 
on images obtained I hr after reinjection. Myocardia! 
uptake was normal on images obtained I hr after a 
third injection of ( " " ’TcJCPI 3 days after the ínitiai 
studies.

D IS C U S S IO N

The currcnt radiotracers of choice for single photon 
myoeardial perfusión studies is :oiTl. While this tracer 
has performed well. it is not ideal. For example, while 
myoeardial redistnbution of 20*TI has becn used to 
distinguish infaretion from ischemia (7), rapid tracer

ANTERIOR LA0 3®

É
ANTERIOR LA0 30

FIGURE 3
Extensiva inferoapical defect (arrow) 
on myoeardial images obtained one 
hour after injection of [""'T cJC PI dur­
ing peak exercise in Patient 5. Im­
ages obtained 4 hr fater and 1 hr 
after rewijection at rest are normal
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F IG URE 4
Technetium CPI myocardial scintigraphy in Patient 4 A 
Images obtalned immediately after exercise with high lung 
activity (particularly on the anterior images obtained within 
10 min after injection) and high liver activity. Neverthetess, 
the inferior wall defect is detectable on the anterior and 
45° anterior obligue images B: On images obtained at 1 
hr after injection, the Inferior wall defect (arrow) ts sharply 
defined particularly on the 70° LAO image The lung activ­
ity has cleared and the liver activity has begun to move 
into the hepatobiliary systern and small bowel C: One hour 
after remjection at rest, the myocardial distribution of the 
tracer is normal 4 3

redistribution may occur lollowing injection during 
stress, particularly il hypercmia occurs during rcpertu- 
sicui in arcas oC transicnt ischcmia (2, J )  The rate Ó1 
redistribution may be rapid and is variable so that the 
myocardial distribution of ‘"T I may reflect blood Clow 
Cor onlv a short time a lia  injection. While standard 
iniaging lechniques ha ve bcen particularly successful in 
identilymg ( A l)  ( 7 ), ihc redistribution phenomenon 
mas result m inulcicstimation of the total extent and 
severity ol ischcmia t.í)

I he physical chaiacterislics ol 11 are aiso less than 
ideal lis low-cncigv charactcristic x-rays are not ideal 
lor Angci camera iniaging. Thcir altenuation by soft

>sues is Ingh, markedly reducing the clCiciency with 
'•mch activity in deep structures is measured. The long 
;all-lile oC "‘"T I coupled with its long biologic hall-lite 
n the myocardium Iimits serial studies to Crequencies 
i a day or more.

In our preliminary expenence in the human. (‘‘‘“"Te] 
Pl. a memher oC the hexakis(ison¡trile)technetium 

.imily. demónstrales high myocardial uptake with no 
dence oC myocardial redistribution into /ones ol 
insient ischcmia Cor several hours after exercise, Onl>

..:er reinjection during rest do the transiently isphemic 
•reas appear normal. Che myocardial activity clears 

ni the heart, however, so that repeat imaging is

LAO 70



TABLE 1
Comparison ! c|CPI Myocardial Scmtigiaphy with Exercise ECG and •""TI Tests 

■"Mi i"" :< n.'-i
f’.Hienl

no tCG " Resl ’ ; JO uun 1 hr 2 hr 3 hr Rest

1 + ‘ «>f) » i A r tortor) ♦ f j-

2 + ■ jpiCcll) t di Vrroapicai) -i -+■

3 f- ■d o s  tenor) ♦ (ir ♦eropostenr) f + +
4 -t- - t (Apical) t f ±

5 f * apical) - + llr^eroapical) + -f
6 + f (Interior) + + +

Time atter exercise 
1 + indicates >2.0 mm S I <lep-- ■■ n 
’ Patient 6 underwent corona' » .■ :.ography (see text).

possible by 3 or 4 hr alte; 
postúlate that ihe tracer is tn. 
dtum and that these metabo; 
by the heart lollowing washi .

The rapid myocardial de­
rmis reinjection o f the trae.

stress injection. W c 
. oli/ed by the myocar- 

ire not reaccumulated

v e  of [... T c jC P I  per-
;o 4 hr after the first

inuvtion and completion of the stress and rest studies 
within the same day. We had intended to perform a 
seeond rest study 24 hr after the first, but found ít 
unnecessary in all but one patient (who developed 
spontaneous angina) because left ventricular tracer up~ 
take on the rest study obtained 4 hr after the initia!

-’1’ L h Ü

T 2 0 1

hNT

T i i( f-'t

0 -

L íhO 4 ‘ * LAO 45

L A O  > 0 í . * :xVii*

F IGURE 5
A: (,J9mTc)CPI images in Patient 3. 
Images obtained 1 hr after injection 
during exerase (upper panel) with 
infeiopos tenor perfusión defect (ar­
row). Images obtained 4 hr later and 
1 hr after injection during sponta- 
neous angina (middle panel) with 
more extensive defect extending to 
apex (arrow). Normal study 3 days 
later and 1 hr after injection of [""T e ] 
CPI at rest (lower pane)). Note loop 
of small bowet (arrow). B: ThaHium- 
201 images obtained ín the same 
patient with reversible exercise ¡n- 
duced mferopostenor perfusión de- 
tect
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.■ mjcclion and 1 hr alter ihc second mjection al 
•i was umlbim and homogeneous. Thus. thc back- 

*iound myocardial activily Irom the first injection, 
rcduced by cleaiance and decay, did nol affect subse- 
ijueni mterpreiation oí ihc rcst injcction. The rapid 
clcarancc oí T c JC P I (rom thc myocai'dium will be 
uscful in the serial assessment of patienls undergoing 
pnxedurcs such as angioplasly or with unstable angina, 
myocardial infarction, or spontaneous angina.

(>ther advantages of [‘'""T c JC P I anse (rom the phys- 
ical characteristics of v""’Tc. Its gamma emissions are 
IxMier suited to standard ¡maging equipment than '"T I. 
resuliing in better image quality with less attenuation 
of photons Irom deeper tissues. The higher photon flux 
resultmg from thc 140-keV photons and the higher 
adminislered dose will result in improved single pholon 
emivsion computed tomographic i maging and should 
result in high quality gated and first-pass studies to 
assess global and región ventricular performance. Be- 
cause it is obtained from a generator system, [‘'‘'"'TcJ 
CPI can be prepared on site, so that myocardial imaging 
can be applied to emergeney situations such as acule 
myocardial mfarction.

At thc presen! time, the nalure of [‘'“'"TcJCPI uptake 
within the myocardium is unknown. Animal studies 
have shown that its sister compound. [ ''"’T c JT B I, dis- 
tributes proportionately to myocardial blood flow but, 
liecause of the slow lung cieaiance, its redistributes into 
/ones of transieni hyperemia with time (<¥). Further- 
more. its myocardial uptake is not inhibited by oubain,
‘.o that I"...1 c] I Bl probably is not a potassium analog.
Bascd on oui climcal data I c]( Pl ditfers sigmfi-
cantl) liom |....I c J I  UI in that [ ' " l c]CPI does nol
icdistnbute into /ones of ischemia for al Icast se vera I 
hoursaltei mjcction and clears rapidlv through the lung 
and liver. Nevertheless. application ol this interesling 
isonitrile analog will require a very careful characten- 
/anon ol its mechamsm of uptake and the relationship 
of ihat uptake to changes in myocardial bkxxi flow and 
to thc applications of vanous classes of pharmaceuti- 
cals
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