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The hexakis{isonitrile)technetium{l) analog [T c|carbomethoxyisopropyl isonitrile {CP1) has
high myocardial uptake and rapid lung and liver clearance in most animal species. To evaluate
[**"Tc]CPI as a myocardial imaging agent in the human, we evaluated this tracer in three
normals and in six patients with coronary artery disease (CAD). in normals, [**"Tc]CPI cleared
quickly from the lungs and accumulated in the hver and heart. The liver activily peaked at 10-
15 min and cleared through the hepatobiliary system. Planar images were of excellent
technical quality with high myocardial to background ratios as early as 10 min after injection.
Myocardial achvity fell gradually to 76.1 = 2.9 (s.d.)% of initial activity by 60 min after
injection. In six patents with CAD, myocardial defects were present on planar images up 1o 2

hr after exercise and injection. In one out of six patients, the defect was not seen 3 hr after
njecton. in nve vl tne six patients, normal perfusion patterns were observed | hr aner
reinjertinn ~t CP a1 rast (4 hr after the initial injection) In Ane natent whn davaloned
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Myocurdiul perfusion tmaging with thallium-201
(7 11) has become a rontine part of the chimeal evatu-
ation of patients with coronary artery disease (CADD)
(7). While the initial distnbution of "I reflects blood
flow, it is not an ideal radiotracer. Rapid serial evalua-
Bon of serfusion 10 not posstble because of e Song
physical halt-hle and slow myocardial clearance. Image
quality is marginal because of its low-cnergy radiation.
Furthermore, its myocardial distribution reflects flow
fpr only a short time alter stress because of redistribu-
tion (2,3).
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Recently, a number of hexakis(isonitrilo)technetium
andops have been [aheled with technetrum-99m (77 Loy
(4). One of these, [ T¢] Bl distributes in a pattern
which reflects myocardial blood flow and accumulates
with sulficient avidity in the human heart so that planar,
vovnosnine aodeated imoapes ofheh rechmcal gusiee
can be obtined (). Unfortunately, its high fung and
liver uptake and rapid redistribution preclude 1ts use
during stress. Based on prehmmary data denived from
anual studhes, [ Tejearbomethoxyisopropy] isom-
tite (7 TEJCPE) has more favorable biologic charac-
tensties, with avid accumulation by the normal myo-
cardium and rapid clearance from the lung and liver
(0).

We report the Birst application of this new myocardial
imaging, agent, [7TCJCPL in normal subjects and in
patients with coronasy artery discase.



MATERIALS AND METHODS

Preparation of [ FepC Pl

Stenle, pyrogen-free kits were prepared by dissolving 3125
oot Za(CPH.Bee m 100 ml of stertle, nonpyrogenic sahinge,
Using ascepuc technigque, | mlb ahquots were dispensed
through a 0 22-um Millex GV stenle filter.” into 10-mi sterile
vials that were pre-cooled with hquid mitrogen. The kits were
stored frozen unul required. The (7" Te]CPEwas prepared by
adding TcO,  soluton (75100 mCr i 0208 ml) to a
Glucosan Kit" tollowed by 0.8 ml ol Zn(CPD.Br. solution
from a thawed kit. The minture was incubated at room
temperature for 15 nan. The contents of the viai were with-
dravwn and discarded and the vial was nnsed twice with 10 ml
of stenile water. Sterile ethanol 0.5 ml was added 1o the vial
and swirled around all inside surtaces 1o dissolve the [ Te]
CPlabsorbed on the walls. Finally, 1.5 ml of sterile saline was
added to the vial. The 25% ethanol solution contaming ~20%
of the oniginal activity was then tested for radiochemical purnty
by TLC using Whatman KC-18 reverse phase plates and
methanolacetoninle:0. 547 ammomum  acetate. tetrahydro-

furan (3:3:2:2) as the solvent. Under these conditions the Rf

of [ Te]CPL TeOy |, technetium-glucoheptonate and TeO.-
O s 0.65-0.75, 0.9-1.0, 0-0.15 and 0, respectively. The
radiochemical punity was >95% in all preparations used in
this study.

Imaging Studies

[hree maie voluntecrs tages 45, 57, and 58 yr old) withoul
chimeal evidence of cardiopulmonary disease and with norma!
stress clectrocardiography and six patients widh ¢y pical anginag
pectons. with strongly positive exercise stress tests and with
cither evidence of transient ischemia on standard planar " 1
or evidence of CAD by coronary angiography were studied
dunng stress and at rest. All subjects were studied in the
fasting state and underwent upright bicvele or teadmill er
gometry either 1o 3% of predicted heart rate (normal subjyects)
or to the level of exeraise reached with the imual exereise
stress test [ Te]OPEHS mCr) was injected intravenously and
exercise was continued for an additional 30-60 sec.

In the normal subjects, imaging began at 10 min after
mjectuon in the 30° left anterior oblique (LAO) projection
using a large field-of-view Anger scintillation camera posi-
tioned over the myocardium, lungs, and liver. Dynamic im-
aging tn the normal was performed for 50 min collecting |
frame/30 sec with a 128 X 128 matnx. At 1, 2. and 3 hr. 5-
min planar myocardial images were performed in the anterior
and 30°, 45 and 70° LAO projections collecting ~400-500
thousand counts per image and ~ 100 thousand counts tfrom
the myocardium. .

In the panents with coronary artery discase. S-nun planar
myocardial images were performed in the antenor and 30°,
45 and 70" LAO projecuons at 10-30 mun, 1. 2, and 3 hr
atterexcranse: An addinonal S mCy of [ I ¢)JCPHwere injected
4 ohe alter the mmnal ijecuon with the pauent at rest and
repeat myocardial images were obtained 60 min after injec-
ton. No attempt was made to subtract the acuvity from the
first injection.

Clearance of the radiotracer was derrmined i the norimal
subjects from the lung. heart, and hiver for the first hour after
injecuon by taking an average activity per pixel from the three
regions of interest (heart, lungs, and liver)
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FIGURE 1

Normal myocardial images obtained 1 hr after injection of
" Tc|CPl during peak exercise in a normal volunteer.
Intense hepatic activity is focused in the central portion of
the liver and gallbladder with substantial clearance from

the periphery

The [ Tc]CPI scintigraphic images were interpreted in-
dependently by three trained observers. For the CAD patients
the images were then compared with the exercise ECG (six
paticnts) and the corresponding **'T1 images (five patients) as
1o presence and location of transient ischemia.

RESULTS

Following 1.v. injection in the normal subjects, the
radiotracer cleared quickly from the lung and accu-
mulated in the liver and hcant (Fig. 1). The heart to
lung activity ratio was 1.7 £ 0.3s.d.:1, 1.9 £ 0.1:1; and
24 = 0.2:1 at 10, 30, and 60 min after injection,
respectively. The liver activity peaked at ~10 -15 min
after injection and cleared slowty through the hepatobil-
iary system (Fig. 2). Gallbladder activity was present by
1S min and liver activity was reduced below its peak
value by I hr: because of mvocardial clearance, the
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FIGURE 2

The clearance of (*”"Tc]CPI from one of the normal sub-
jects following injection during exercise.
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heart o hver acuvity rauo was unchanged at 60 min
compared with the tme ol maximum hver activaty,
(heartto hiveractuvaty ratio 0.6 £ 011 at | hrcompared
with 0.6+ 021 a1 L ver
acuvity tell further by
cardial actvaity was unilormly distributed throughout

maxiim hver activity ),

2 and 3 he after impecnon. Myo-
the deft ventricle wah less activity seen n the nght
ventncle. Myocardial aconviy fell slowly with 761 +
2.9 of the minal actvity remanig in the heart 60
min after injecton

None ol the patents with CAD had restung ECG
abnormalities or previous myocardial infarctions by
history. In four patients, excreise was stopped because
of chest pain; in two patients exereise was stopped
because of fatigue. All of the pauents developed ST
segment depression of >2 mm during their exercise test.

Focal defects were present on ["™Tc¢JCPI images
obtained after exercise in all six pabents (Fig. 3). In the
five patients with reversible myocardial perfusion de-
fects on “"T1 imaging. the defects on the [""Tc]CPI
images were in the same location. In the sixth patient,
coronary angiography 1 mo prior 1 the [ T¢]CPI
study showed that a domuinant nght coronary artery
was 100% occluded with left to night collateralizauon.
A 90% stenosis was present in the left antenor descend-
ing artery. Left veninculography showed that the infe-
rior wall and apex were contracting normally. An infe-
rior wall perfusion defect was present on [*"T¢]CPI
after exercise (Fig. 4).
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Iin inve of the vy patients, the perfusion detects per
ststed on plana: imaees obtaed up to 3 hratter excrcise
and imjection. Inoone pauent, the defect was indistinet
by 3 hr, but was clearly detined on images obtamed
and 2 hr after excrose. In five of six patients, the images
obtained | hratter reingection of S.O mCrot [ e |CP!
(4-5 hr after the mjection) were normal with
umform distnbunion of the tracer throughout the lcft
ventncular wall

One of the paticuts (Patient 3. Table 1) sustained
spontaneous anginal pain accompanied by 2 mm ST
segment depression beginnming 3.5 hr after the imual
injection. He was reinjected with [ T¢|CPI during the
chest pain (Fig > A perfusion defect involving the
infennor wall of the left ventricle similar, but more
intense, than the one observed after exercise was present
on images obtained | hr after reinjection. Myocardial
uptake was normal on images obtained | hr after o
third 1njection of [ Tc¢]CPI 3 days after the initial
studies.

Lirst

DISCUSSION

The current radiotracers of choice for single photon
myocardial perfusion studies is “*'TL. While this tracer
has performed well. 1t is not ideal. For example, while
myocardial redistnbution of *'T1 has been used 10
distinguish infarcuon from ischemia (7), rapid tracer
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FIGURE 3

Extensive inferoapical defect (arrow)
on myocardial images obtained one
hour after injection of [**"Tc|CP! dur-
ng peak exercise in Patient 5. Im-
ages obtained 4 hr later and 1 hr
after reinjection at rest are normal
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FIGURE 4

Technetium CPI myocardial scintigraphy in Patient 4. A
Images obtained immediately after exercise with high lung
activity (particularly on the anterior images obtained within
10 min after injection) and hugh liver activity. Nevertheless,
the inferior wall defect 1s detectable on the antenor and
45° anterior oblique images. B: On images obtained at 1
hr after injection, the inferior wall defect (arrow) is 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 system and small bowel. C: One hour
after reinjection at rest, the myocardial distribution of the
tracer is normal

redistitbution may occur tollowing njection durning
stress, particularly it hyperenia occurs dunng repertu-
ston i arcas of transient ischemia (2, 3). The rate 1
redistribuvon may be rapid and s vanable so that the
mvocardial distribution of “"T1 may reflect blood flow
for onlv a short ume atter mjection. While standard
mmaging techmques have been particularly successful in
wdentifving CAD (7). the redistribution phenomenon
may result i underesbrmation of the total extent and
severity ot ischenna (3)

[he physical characteristios of " 'L are also less than
ideal. Tis Tow-encigy characternisiie x-rays are not ideal
for Anger camera imaging. Their attenuation by soft
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ssues is high, markedly reducing the ctheiency with
vnich activity in deep structures i1s measured. The Tong
walf-lite of ' T1 coupled with its long biologic half-hife
1 the myocardium limits senal studies to frequencies
i a day or more.

In our preliminary expencnce in the human, [ ¢]
Pl a member of the hexakis(isonitrile)technetium
«mly. demonstrates high myocardial uptake with no
dence of myocardial redistribution into zones of
msient ischemia for several hours after exercise, Only

cer remjection during rest do the transiently ischemic

cras appear normal. The myocardial acuivity clears
'm the heart, however, so that repeat imaging 1s
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Comparison

TABLE 1

I'c|CPI Myocardial Scintigraphy with Exercise ECG and © 'TI Tests

S " T |GRPL
Fanent
no ECG ¥ Rest ) 30 nnn 1 hr 2 he 3 hr Rest
1 + Vi) b On) ' +
2 4 apical) t ol reroapcal) t 4 +
3 - OOSTEnorn) t (Irteroposternr) 1 + B
4 + t (Apical) + + +
5 + “apmcal) - +oleteroapical) + + +
6 + + (Intenor) + + +

Tlime after exercise
"+ inaicates 2.0 mm ST dew
P Patient 6 underwent coronar.

possible by 3 or 4 hr afier

postulate that the tracer s i .

dium and that these metabo

by the heart tollowing wash
The rapid myocardial cle.

mits reinjection of the trac.
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Lography (see text).

stress injection. We
‘olized by the myocar-
ire not reaccumulated

injection and completion of the stress and rest studies
within the same day. We had intended to perform a
sccond rest study 24 hr after the first, but found it

unnecessary in all but one patient (who developed

we of [""Te]CPI per-
‘o 4 hr after the first

o Lt 3

",

387

spontancous angina) because left ventricular tracer up-
tahe on the rest study obtained 4 hr after the initial

FIGURE 5

A: [”"Tc]CPI images in Patient 3.
Images obtained 1 hr after injection
during exercise (upper panel) with
inferopostenor perfusion defect (ar-
row). Images obtained 4 hr later and
1 hr after injection during sponta-
neous angina (middie panel) with
more extensive defect extending to
apex (arrow). Normal study 3 days
later and 1 hr after injection of [**"T¢]
CPI at rest (lower panel). Note loop
of small bowei (arrow). B: Thallium-
201 images obtained in the same
patient with reversjible exercise in-
duced inferopostenor perfusion de-
fect.
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»agection and 1 ohr alter the second injection at
£owas untform and homogencous. Thus, the back-
stound mvocardial activity from the first injection,
reduced by clearance and decay, did not affect subse-
quent mterpretation of the rest injection, The rapid
clearance of [ Tce]CPI from the myocardium will be
uscful in the senal assessment of patients undergoing
procedures such as angioplasty or with unstable angina,
myocardial infarction, or spontancous angina.

Onher advantages of [*"™T¢}CPI anise from the phys-
1cal charactenstics of """ To. lts gamma ¢missions are
better suited to standard imaging equipment than ™' 7T1,
resulung in better image quality with less attenuation
of photons Irom deeper tissues. The higher photon flux
resutting from the 140-keV photons and the higher
administered dose will result in timproved single photon
emussion computed tomographic imaging and should
result in high quahty gated and first-pass studies o
assess glohal and region ventricular performance. Be-
cause 1t 1s obtained from a generator system, [*"Tc}
CPI can be prepared on site, so that myocardial imaging
can be applied to emergency situations such as acute
myocardial infarcuon,

At the present time, the nature of ["""T¢)CPI uptake
within the myocardium is unknown. Animal studies
have shown that its sister compound. [ Tc]TBI, dis-
tributes proportionately to myocardial blood flow but,
because of the stow fung clearance, its redistributes into
rones of transient hyperemia with time (&), Further-
more. its myocardial uptake 1s not inhibited by oubain,
so that [ T¢]'TBI probably 1s not a potassium analog,
Based on our chimcal data. [""FC]JCPL differs signifi-
cantly from {7 T¢)FBE an that [7 1¢]CPL does not
redistnbute into zones of ischeona for at Icast several
hours alter injectuon and clears rapidhy through the lung
and liver. Nevertheless, apphication of this interesting
isomtnile analog will require a very careful characten-
saton of its mechamsm of uptake and the relationship
of that uptake to changes in myocardial blood flow and
to the applications of various classes of pharmaceuti-
cals,
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