
jor efforts have been directed at development of a
labeled myocardial perfusion tracer. Initial development
involved catiomc @Tccomplexes (1,2). Although prelim
inary animal experiments were promising (3), these agents
demonstrated unfavorable heart-to-background activity ra
tios in humans (4,5). Efforts were then directed at two
different classes of compounds: cationic isonitrile @â€˜@Tc(I)
complexes (6â€”11),and neutral, lipophilic, @Tccorn
plexes (boronic acid adducts of technetium dioxime
(BATO) complexes) (12â€”15).One agent in each of these
classes has recently been approved for clinical imaging:

@Tc-sestarnibiand @Tc-teboroxime.
Additional efforts have been directed recently at the

development of a new class of @â€œTc-labeledlipophilic
cations, which employ a diphosphine ligand (16â€”19).Two

@â€˜@Tc-labeledphosphines have undergone preliminary
testing in patients and show promise for clinical rnyocardial
perfusion imaging (17,20,21 ). One of these diphosphine
compounds, 1,2-bis[bis(2-ethoxyethyl) phosphino] ethane
(999@c-tetrofosrnin) can be rapidly prepared from a freeze
dried kit formulation (19).

The purpose of this study was to determine if @Tc
tetrofosmin is a reliable myocardial flow tracer over a
pathophysiologic range of flows encountered in ischemia
and infarction. The initial myocardial uptake and clearance
characteristics of @Tc-tetrofosminrelative to micro
sphere flow were evaluated in a canine model of ischemia
during pharmacological vasodilatation.

METhODS

Technetium-99m-tetrofosminis a @rc-Iabaledperfusiontracer
demonstrating promise for myocardial perfusion imaging. To
determine if @9c-tetrofosmintracks myocardialflow over a
pathophysiologicrange, the initialmyocardialuptake and dear
ance of @â€œTc-tetrobsminrelative to microsphere flow were
evaluated ina canine modelof ischemiaduringpharmacological
vasodilatation. Methods: Sb open-chest dogs were subjected to
complete left antedor descending coronary artery ocdusuon.
Dogs were injected wfth @c-tetrofosminand radiolabeled mi
crospheres during pharmacologicalstress. Coinddent with ra
diotracerinjection,dynamic planarimagingand artedalsampling
were performed to assess @rc-tefrofosmindearance from
blood, myocardium, lung and liver. Fifteen minutes after injec
tion,hearts were exdsed forwellcountingof myocard@ @rc
tetrofosminactMty and flow.Results: Myocerd@ @C-tetrO
fosmin actMty correlated lineady @thmicrosphere flow (r =
0.84). Relative @Fc-tetrofosminactMtyunderestimatedflowat
higher flow ranges (>2.0 mVmin/g)and overestimated flow in
low flow ranges (<0.2 mvmin/g). Technetium-99m-tetrofosmin
dewed rapidly from the blood and was retained in the myocar@
dium. Resting target-to-backgroundactivityratios (heart:Iung=
3.57 Â±1.01; heart:liver= 0.58 Â±0.04) were acceptable 10 mm
after injection. Conclusion: Our expenmental data support both
the validityof@Fc-tetrofosmin as a myocard@ perfusiontracer
andtheuse ofeady poststress @Fc4etrofosn@nimagingforthe
assessment of myocardial perfusion in man.

Key Words: technebum-99m-tetrofosmin;myocardialperfusion
imaging

J NucIMed1994;35:664-671

SurgIcal Preparation
Experiments were performed in fasting adult mongrel dogs

(mean weight, 20.3 Â±2.7 kg, range 18.2â€”21.8kg), anesthetized
with intravenoussodiumthiamylal(20mg/kg).Animalswere in
tubated and mechanically ventilated on a respiratorwith halo
thane (O.5%â€”2%),nitrous oxide and oxygen (N2O:O2= 3:1). A
singleelectrocardiographicleadwas monitoredcontinuously. One
femoral vein and both femoral arteries were isolated and cannu
lated for administrationof fluids, drugs and @â€œTc-tetrofosmin,
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pressure monitoring and arterial sampling. Arterial pH, partial
pressureof carbondioxide (PCO2)and partialpressureof oxygen
(P02) were measuredserially, andtheventilatoradjustedto main
tam these parameters within the physiologicrange. A balloon
flotationcatheterwasplacedin the pulmonaryarteryformeasure
ment of central temperatureand cardiacoutput.

A thoracotomywas performedin the fifthintercostalspace and
the heartsuspended in a pericardialcradle. A flaredpolyethylene
catheterwas placed in the left atriumfor the injectionof radiola
beled microspheres. The proximal left anterior descending coro
nary artery (LAD), after the first major diagonal branch, was
isolated for placement of a hydraulic occluder (model VO-3,
Rhodes Medical Instruments). A Doppler flow pmbe (Crystal
Biotech; Hopkinton, MA) was placed on the LAD just proximal
to the occluder.

All experiments were performed with approval of the Yale
Animal Care and Use Committee, in compliance with the position
of the American Heart Association on research animaluse.

Experimental Protocols
Sixdogswere subjectedto completeLADocclusionfollowed

by pharmacologicalstress. Two dogs received intravenousaden
osineinan incrementalfashion(160 @gfkgiminand320 @ig'kgimin)
over 18mm. The adenosineinfusionwas continuedfor 4 mmafter
the intravenous injection of 30 mCi of @Tc-tetrofosmin.Four
dogs received intravenous dipyridamole over 4 min (0.12 mgfkg/
mm). Technetium-99m-tetrofosmin(30 mCi)was injectedintrave
nously duringpeak pharmacologicalstress 4 mm aftercompletion
of the dipyridamoleinfusion. Coincidentwith @Tc-tetrofosmin
injection, dynamic planarimaging(5 sec/frame)was performedin
four dogs in the lateral projection over 15mm. Serial arterial blood
samples(1 ml)were collectedin fivedogs every 5 sec for 5 min
followed by every 15 sec for 10 mm via a roller pump (Harvard
Apparatus, Model 2501-001).

Radiolabeled microspheres (1â€˜3Sn,â€˜Â°@Ru,@ â€˜@Sc)for the
measurement of regional myocardial blood flow were injected into
the left atrium at baseline, coronary artery occlusion and peak
pharmacologicalstress. For each determination,radiolabeledmi
crospheres (2â€”12million, mean diameter, 11 @m)suspended in
10%dextranandTween-80were injectedover 15sec, followed by
a normal saline flush (5 ml). The microsphere suspension was
vortexed (Vortex Genie Mixer, Evanston, IL) and hand agitated
between 2â€”5ml syringes immediately prior to injection in order to
assure adequate mixing. Paired arterial samples were withdrawn
over 95 sec beginning5 sec before the microsphereinjection for
the calculationof myocardialblood flow accordingto the methods
of Heymann et al. (22).

Postmortem AnalysIs
The hearts were rapidly excised at 15 mm after injection of

@â€œTc-tetmfosminand were dividedfrom base to apex into four
slices of equal thickness (1â€”1.5cm thick). The slices were incu
bated in a bufferedtriphenyltetrazoliumchloride (TFC) solution
for 15 mm at 38Â°Cto detect myocardialnecrosis.

DetermInation of RegIonal Myocardlal Blood Flow and
@â€˜rc-TetrofosmlnActivity
Each of the myocardialslices was cut into eight radialsections,

which were subdivided into epicardial,midWall,and endocardial
segments, therebyresultingin a total of 96 segments per heartfor
quantificationof myocardial @Tc-tetrofosminactivity andblood
flow. Gammawell scintillationcounting to measure @â€˜@â€˜Fc-tetro
fosmin activity of myocardial samples was performed at 48 hr

after excision. Myocardial and arterial blood samples were
counted 5 days later for the determination of regional myocardial
blood flow. Separation of isotopes by energy windows (@9'c,
130â€”170keV; â€œ35n,340â€”440keV; 1Â°@Ru,450â€”550keV; @Nb,
650â€”840keV; â€˜@Sc,850â€”1300keV) was performed according to
the methods of Heymann et al. (22) with spill-down and spill-up
correction.

Myocardialactivity (cpm/g)was correlated with myocardial
flow (ml/min/g)in each dog. To facilitate comparisons between
dogs, myocardial @â€œTc-tetrofosminactivity and flow were nor
malized by two separate methods. First, myocardial @Fc-tetro
fosmin activity and flow were expressed as a percentage of nonis
chemic zones using a previously reported method (23). The
nonischemicvalues were computedfrom 15 segmentsfrom the
posterolateral free wall. This method evaluates flow and activity
in the ischemic region relative to a normal region in a fashion
analogousto the interpretationof clinicalimages.Second, myo
cardial @â€œTc-tetrofosminactivity and flow in each myocardial
segment was nonnalized by the computed average activity or flow
for each correspondingdog, as previously proposed (24).

Image @Is
Technetium-99m-tetrofosmin clearance curves were derived

from analysisof dynamicplanar imagingsequencesobtained in
four of the dogs. All image analysis was performed on a Picker
PCScomputer.Four by fourpixelregionsof interest(ROIs)were
placed over the central ischemic and nonischemic myocardial
regions, lungandliver. The locationof the centralischemic region
was identifiedon the lateral images by placement of a
radioactive point source in the central ischemic region during
acquisition of a static image. Clearance curves for myocardium,
lung and liver were generated from serial images using average
measured counts within the ROIs for each dog. In order to pool
the results fromeach dog, allvalues were expressed as a percent
age of the averagenonischemicmyocardialvalue derivedfroman
imageacquiredover the minutebeforeeuthanization.

Statistical Analysis
All data are presented as the mean Â±1 s.e.m. Normality of the

distribution was verified with either the Wilk-Shapiro test or the
Kolmogorov-Smimovtest, depending on the population size.
Univariate analysis of groups was performed by a paired Stu
dent's t-test, unpairedtwo sample t-test, Wilcoxon signed rank
test, or Wilcoxon ranksigned test (Statisticalpackage, RS/1 Bolt,
Beraneck,Newman,Cambridge,MA).Selectionof the statistical
test was performedautomaticallyby the software based on the
results of normality testing. Differences between groups were
considered significantat p < 0.05 (two-tailed). Linear regression
analysiswas used to comparepairedsamplesand the correlation
coefficient(s)expressed.

RESULTS

A total of six dogs underwent coronary occlusion fol
lowed by pharmacological stress. None of the dogs devel
oped ventricular fibrillation or demonstrated evidence of
myocardial necrosis on postmortem histochemical stain
ing.

Hemodynamic Measurements
Heart rate and mean systolic pressure were recorded

before coronary occlusion (baseline), during coronary ar
tery occlusion (occlusion), during peak pharmacological
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Transmural flow(mI/min/g)Baseline

OcdusionPeak stress

min images is based on analysis of changes in relative
tracer intensity in the ischemic area (Fig. 3). Flow in the
central ischemic area was 24.2% Â±8.5% nonischemic
(%NI) during coronary occlusion. Relative flow in the cen
tral ischemic area decreased significantly duringpharma
cological stress (9.6 Â±2.1 %NI; p < 0.05). Technetium
99m-tetrofosrnin activity in the central ischemic area (27.1
Â±6.3 %NI), 15 min after injection, underestimated the flow
decrement at the time of injection (p < 0.05).

Blood es@@rc@TetrofosmlnClearance
Arterial @â€˜@Tc-tetrofosminactivity was measured seri

ally and expressed as a percentage of peak arterial activity
(Fig. 4). Technetium-99m-tetrofosminactivity cleared rap
idly from the blood. Blood activity at 5 and 15 min after
injection was 2.8% Â±0.9% and 0.8% Â±0.3% of peak
activity, respectively.

Organ @@@1!c@TetrofosmlnClearance: Assessment with
Dynamic Planar Imaging

In four dogs, dynamic planar imaging was performed to
evaluate the clearance of@Tc-tetrofosmin fromthe heart,
lung and liver (Figs. 5 and 6). Myocardial clearance of

@Tc-tetrofosminwas slow. Between 3 and 15 mm postin
jection the myocardial activity cleared 18% Â±11%in the
ischemic region. Technetium-99m-tetrofosmin clearance
was similarin both ischernicand nomschemic regions over
the initial 15 min after injection. Lung activity remained
lower than myocardial activity. Liver activity remained
elevated over the initial 15 mm postinjection. The heart-to
liver ratios at 5, 10 and 15 min after injection were calcu
lated at 0.68 Â±0.07, 0.58 Â±0.04 and 0.60 Â±0.02, respec
tively.

DISCUSSION

In a canine model of ischemia, we have demonstrated
that @Tc-tetrofosminis a reliableflow tracerover a range
of flows produced duringpharmacologicalstress. Myocar
dial @â€œ@Tc-tetrofosminactivity 15 min after injection cor
related linearlywith microsphere flow at the time of injec
tion when flow did not exceed 2.0 ml/min/g.At higherflow
ranges, relative @â€˜@Tc-tetrofosminactivity underestimated
relative microsphere flow. In low flow ranges, relative
myocardial @â€œ@Tc-tetrofosminactivity overestimated rela
tive microsphereflow, thereby potentially underestimating
the flow deficit. Technetium-99rn-tetrofosmincleared rap
idly from the blood and was retained in the myocardium.
No significant differences were observed in myocardial
clearance between ischemic and nonischemic regions over
the initial15min after injection. In this anesthetized canine
preparation, liver activity remained elevated during the
early postinjection period. Target-to-background activity
ratios were similar to other available @Tc-labe1edrnyo
cardial perfusion tracers. Early poststress @Tc-tetrofos
mm planar gamma camera imaging was feasible and
reliable for the assessment of stress-induced flow hetero
geneity.

lschemlc 1.02 Â±0.14 0.27 Â±0.14* 0.21 Â±0.09k
Nonlschemlc 0.92 Â±0.11 0.97 Â±0.14 1.96 Â±0.41*

*p 0.05 versusbaseline.
Microsphereswere Inje@edbefore coronary ocdusbn (baseline),

duringcoronaryartery o@luslon(occlusion)and duringpeak pharma
â€” stress@ stress).

stress (peak stress), and at the time of euthanization(post
stress). Heart rate did not change throughoutthe protocol
(baseline: 100 Â±9; occlusion: 108 Â±10; peak stress: 101 Â±
13;poststress: 114 Â±11). Systolic pressure did not change
with coronary artery occlusion (baseline: 116 Â±10; occlu
sion: 114 Â±11). However, systolic pressure decreased
significantly during pharmacological stress (peak stress:
79 Â±4, p 005), althoughreturnedtowardbaseline at the
time of euthanization (poststress: 85 Â±2).

Measurement of Myocardlal Flow
Absolute microsphere flow in the central ischernic and

nonischemic regions during baseline, coronary occlusion
and pharmacological stress are summarized in Table 1.

Correlation of @rc-TetrofosmlnActivity and RegIonal
Myocardlal Blood Flow

Myocardial @â€œ@â€˜Fc-tetrofosminactivity 15mm after injec
tion correlated linearlywith microsphere flow duringpeak
stress in each dog (Fig. 1). The correlation coefficients
ranged from 0.71 to 0.94. The best correlations were seen
in the two dogs injected with @Tc-tetrofosrninduring
adenosine stress (Fig. 1A, B). In these dogs, peak myocar
dial flow did not exceed 2.0 m]/min/g.Dipyridamolestress
increased flow in some dogs to greater than 4.0 m]/min/g. In
each dog, the plot of@Tc-tetrofosmin activity versus flow
achieved a plateau at higher flow ranges (greater than 2.0
ml/min/g). Myocardial @â€œTc-tetrofosrninactivity appeared
to underestimateflow at flows exceeding 1.5â€”2.0ml/min/g.

In orderto pooi the results from all six dogs, myocardial
@Tc-tetrofosminactivity and microsphere flow in each

myocardial segment (n = 576) were normalized by two
approaches (Fig. 2). Among all dogs therewas an excellent
correlationbetween myocardial @Tc-tetrofosminactivity
and flow, both when values were normalized to a nonis
chernic region (r = 0.87) and to computed dog averages
(r = 0.87). The results for adenosine (n = 2) and dipyri
damole (n = 4) stress were comparable. Therefore, the
results from all six dogs were pooled. The normalizedplots
of rnyocardial @â€˜@Tc-tetrofosminactivity and flow demon
strate an overestimation of flow in the low flow range and
underestimationof flow in the high flow range.

Average myocardial flow and @9'c-tetrofosminactivity
in the central ischemic area were also computed (percent
age of nonischemic), since interpretationof @Tc-tetrofos

TABLE I
MyocardialFlowMeasurement
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Correlation of @rc-TetrofosmlnActivity and Regional
Myocardlal Blood Flow and RelationshIp to Other
Tracers

Hearts were excised at 15 min after stress injection of
@Tc-tetrofosrninto determine if the early poststress rnyo

cardial distribution of @â€˜@Tc-tetrofosrninaccurately re
flected stress-induced flow heterogeneity. The early myo
cardialdistributionof @â€œ@â€˜Fc-tetrofosrninactivity correlated
with microsphere flow during both adenosine and dipyri
damole stress. Both pharmacological stress agents cause
coronary vasodilation which is mediated via adenosine.
Data from the dogs receiving adenosine and dipyridamole
were pooled since the relationships between myocardial

@Tc-tetrofosminactivity and flow were not significantly
different. Average flow in the nonischemic region in
creased to 1.96 Â±0.41 ml/rnin/g.In some dogs, myocardial
flow increased to greater than 4 ml/minlg.

At higher flow ranges (greater than 2 ml/min/g) @â€˜@â€˜Tc
tetrofosmin uptake underestimatedflow. A similar under
estimation of flow has been observed with @Â°â€˜Tl(25,26).
Myocardial 20111activity duringadenosine stress may un
derestimate flow as a consequence of reduction in net
myocardial extraction of thallium independent of flow (27).

FiGURE 2. NOrmaliZed @Fc-tetrofosminactivfty and micro
sphere flow.Technetium-99m-tetrofosminactMtyand flowwere
normalized to both non@chemicvalues (A) and mean values for
each dog (B). A total of 576 segments were analyzed among sb
dogs. The filledardes represent segments from dogs subjected to
adenosine (ADO)stress. Open drdes represent data fromdogs
subjectedtodipyrkiamolestress(DP).Thecorrelationsaredenved
from pooled data from all six dogs.

FiGURE 3. Companson of rela@veflow and @Fc-tetrofosmin
(TETRO) adllvfty in the central ischemic area (15 segments). Micro
sphereflow(%nonischemic)was measuredbeforecoronaryartery
ocdusion (baseline), dunng leftantenor descending artery ocdusion
(ocdusion)and dunrigpeakpharmacOlOgicalstress (stress).Flowin
the ischemic area decreased significantlydunng pharmacological
stress (*p< 0.05. stress flowversus ocdusion flow).ReIa@ve @rc
tetrofosminactMty(%nonischemic)underesbmatedthe relabveflow
deficitat 15 mmafter injection(0p < 0.05,TETROactivityversus
occlusion flow).

This effect may be due to a metabolic perturbation or
possibly relatedto alterationsin perfusionpressure. Glover
et a!. demonstrated that during vasodilation with dipyri
damole, the myocardialdistributionof@Tc-sestamibi was
also linearly related to flow up to approximately 2.0 ml!
min/g (28). However, at higher flow the myocardial activity
of @Tc-sestamibisimilarlyunderestimatedflow. Over the
first 20 min after injection, the relationship of myocardial
20111 and @Tc-sestamibi activity and flow declines (25).

Myocardial @Tc-teboroxime activity immediately (1 min)
after injection is linearly related to flow, at flows up to 4.5
mL'min/g (29). However, by 5 min after injection, @â€˜@Tc
teboroxime also underestimates flow in the moderately
high flow ranges.

We also demonstrated increased relative myocardial
@Tc-tetrofosrninactivity in the low flow regions compa

rable to 20111and @Tc-sestamibi(23,30â€”32).The in
creased uptake of these diffusableradiotracersunder con
ditions of low flow results from more efficient tissue
extractionassociated with longertransittimes (33). Studies
employing a blood perfused isolated rabbit heart prepara
tion have demonstratedthatmyocardialextractionof @Â°@Tl,

@â€˜@Tc-sestamibiand teboroxime are all inversely relatedto
blood flow (15,34). Using the same blood-perfused isolated
rabbit heart preparation, Dahlberg et al. recently demon
strated that the â€œuptakeâ€•of @â€˜@â€œFc-tetrofosminincreased
linearly with flow (35). In these experiments, â€œuptakeâ€•
was defined as the product of net extraction (Enet) and
coronary flow.

Blood and Organ @rc-TetrofosmlnClearance
The early evaluation of myocardial tracer distribution

may be complicatedby cardiacblood pool andbackground
activity. The clinical application of @Tc-tetrofosmin im

aging potentially may be confounded by prominent hepatic
activity adjacent to the heart. In our anesthetized canine
preparation,hepatic activity remained elevated at 15 min

FLOW CX nonischemic)

FLOW (% average flow)
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FiGURE 4. Medal blood clearance of @rc-tetrofosmin.Mea
sured @â€˜Tc-tetrofosminactivity(n = 5 dogs) is expressedas per
cent peak activity(mean Â±s.e.m.).

after an intravenous injection of @â€œ1.'c-tetrofosminduring
pharmacological stress with both adenosine and dipyri
damole. The heart-to-liver ratio at 15 min after injection
was calculated at 0.6.

Initial clinical evaluation of the biodistribution @â€œ@Tc
tetrofosmin in humans suggests good myocardialretention
of @Tc-tetrofosminin the heart and rapid background
clearance, thereby permitting high quality myocardial im
ages as early as 5 min after injection (20,36). Following a
restinginjectionof @â€˜@Tc-tetrofosminin humans, the heart
to-lung ratio of @Tc-tetrofosminwas 3.1 Â±1.8 and 4.5 Â±
1.5 at 5 and 30 min after injection, respectively. Lung
clearance of @â€˜@Tc-tetrofosminis rapid and should not in
terferewith early imageinterpretation(20). In contrast, the
heart-to-liver ratio was 0.4 Â±0.1 and 0.6 Â±0.3, respec
tively, at 5 and 30 min after a resting injection. In this
previously reported clinical study (20), the heart-to-liver
ratios of @Tc-tetrofosminwere more optimal following
exercise (5 min: 0.8 Â±0.3; 30 min: 1.2 Â±0.7). Jain et al.

FiGURE 5. Dynamic lateral @rc-tetrofosmmnImaging se
quence. Static images were acquired every 5 sec. Shown are corn
posfte1-mmimagesacquiredduringthe first10 mmafterinjection.
The initialimage(upperleft)reflectsulghtventricular(superior)and
left ventricular (inferior)blood-pool activity.The apex of the heart
points toward the lower leftcorner of each image. The liveris seen
belowthe heart. The ribspreader produces an attenuation defect in
thesuperioraspectoftheliver.Alargedenseanteroapicalperfusion
defect is seen as earlyas 4 mmafter @â€˜Tc-tetrofosrnininjection
(arrow).

TIME(.sc)

FiGURE 6. Technetium-99m-tetrofosmintissue clearance curves.
Technetium-99rn-tetrofosrninactivityIs expressed as a percentage
of the nonischernic myocardlal activftyat the time of euthanasia
Althoughimages were obtalned every 5 see, the data denved from
every other Image in the dynamic sequence are shown for darity.
Lung actMty remained lower than rnyocardialactMty (A).Liverac
tMty remained elevated over the inftlal10 mm postinjection (A).
Therewas slow dearancefrombothlschemlcand nonischemic
regions of the heart (B, mean Â±s.e.m.).

(36) used a same-daystress-restprotocol and observed
improved heart-to-liverratios at rest (5 min: 0.8 Â±0.2; 30
mm: 1.0 Â±0.2) in comparison to the study by Higley et al.
(20). This suggests that the impact of hepatic activity on
rest image interpretationhas not as yet been resolved.

Analysis of the biodistribution of @â€œFc-sestamibiin man
demonstrated a heart-to-liverratio of 0$ Â±0.1 at both 5
and 30 mm after a resting injection (11). Following injec
tion of @Tc-sestamibiat peak exercise, the heart-to-liver
ratios were 1.3 Â±0.1 and 1.4 Â±0.2 at 5 and 30 min after
injection, respectively (11). Thus, hepatic clearance of

@Tc-tetrofosminrelative to the heart appears comparable
to that previously reportedfor @â€œ@Tc-sestamibiunderrest
ing conditions.

ClInical Implications
Pharmacological stress with adenosine or dipyridamole

in conjunction with @Â°â€˜Tl(37â€”42)@â€˜@Tc-sestamibi(43) or
@Tc-teboroxime(44,45) has proved useful for the detec
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tion of coronary artery disease. For the optimal detection
of pharmacologically induced ischemia, early imaging is
necessary. Unfortunately, early imaging with all myocar
dialtracers is complicated by initialblood-pool activity and
extracardiac background.

Ourexperimentaldata supportthe proposed use of early
poststress @â€˜@Tc-tetrofosminimagingfor the assessment of
myocardial perfusion in humans. A multicenter clinical
study involving 218 patients suggested that exercise-rest

@Tc-tetrofosminplanarimagingwas comparablediagnos
tically to planar exercise-redistribution @Â°â€˜Tlscintigraphy
for characterization of ischemia and scar (21). These in
vestigators employed a single-day, â€œsplitdoseâ€•stress and
rest protocol. Although @â€œTc-tetrofosminis predomi
nantly cleared by the hepatobiliaiy system, subdiaphrag
matic activity reportedly did not interfere with image in
terpretation in most patients. This study suggested that
poststress imaging is possible as early as 15 min after
injection.

Although the initial myocardial clearance of @â€œTc-tetro
fosmin was slow, further studies are necessary to deter
mine if there is differentialwashout of @Tc-tetrofosmin
from ischemic and nonischemic regions.
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Three patients were found to have effusions ofbetween 200
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200â€”300cc, a diagnosis ofpericardial effusion by
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border ofthe heart is never sharp for a variety of reasons:

constant motion ofthe heart; respiration; collimator
resolution.One importantfactorcontributingto thisproblem
is scatter from the high-energy gammas produced by I's' in its
decay.Bettercardiacscanscouldbe attainedby use of mono
energetic, lower-energy radioisotopes.

In23 patientsundergoingopen-heartsurgeryinwhom the
pericardial contents were accurately measured, and in 11
additionalpatientsexaminedatautopsyorby pericardiocen
tesis, isotopic photoscans ofthe heart were made and the
results were correlated.

JNucIMed 1965;5:1O1-1I1

â€œCircumferential Profiles:â€• A New Method for
ComputerAnalysisofThallium-201
Myocardial Perfusion Images

Robert D. Burow, Malcolm Pond, A. William Schafer
and Lewis Becker

The Johns Hopkins University School of Medicine,
Baltimore, Maryland

A methodforcomputeranalysisofthallium-20l scintigrams
is described, in which the left ventricular activity is measured

alongradiiconstructedfromthecenterofthe left ventricle
(LV) to eachpointon theLV circumference.Dataarethen
displayed graphically as a â€œcircumferentialprofileâ€•of
normalized activity against radial location. Thallium defects
are identified and scored by comparison ofthe profile curve
with empirically determined normal limits. In patients with

coronary arterydisease, defect scores were found to be quan
titative and reproducible, and to agree generally with subjec
live visualanalysis.
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