
of 234 patients with normal 99mTcsestamibi cardiac imag
ing.

METhODS

Patient Population
The study cohort consisted of 234 patients with known or

suspected CAD referred for myocardial perfusion imaging be
tween November1, 1991and June 1991who had normal @mTc.
sestamibi cardiac imaging. Symptom-limited exercise 9@â€•Tc-ses
tamibi cardiac imaging was performed in 122 patients and
dipyridamole-@'Tc-sestamibi cardiac imaging was performed in
112patients.PatientcharacteristicsarelistedinTable1.Pre-test
probability of CAD was determined from Bayesian analysis of
age, sex, presenting symptoms and electrocardiographic response
to stress (25).

Exercise Protocol
A baseline 12-leadelectrocardiogram(ECG)was recorded.

Patients then exercised on a treadmill according to a standard
Bruce protocol until fatigue, dyspnea, chest pain or ventricular
tachycardia. Heart rate, blood pressure and 12-lead ECG were
recorded every 3 mm. All patients achieving a heart rate 85% of
their maximal predicted heart rate based on their age were con
sidered to have undergone an adequate stress test. A positive,
ischemic ECG response was defined as horizontal or downsloping
ST-segment depression of 1 mm or greater.

Dipyridamole Protocol
A standarddipyridamoleprotocolusinga 4-mminfusionat

0.142 mg/kg/mm was used (26,27). Heart rate and blood pressure
were recordedbefore and every 2 mm duringthe protocol.

Technetlum-99m-SestamiblAcquisition
Standard 1-day gated rest-stress planar @Tc-sestamibiexer

cisc and dipyridamoleprotocols were used. Rest planar static
images were first obtained in the left anterior oblique, anterior and
lateralprojections 1 hr after injectionof 7.5 mCi of @â€œ@Tc-sesta
mibi.The symptom-limitedexercise or dipyridamoleprotocolwas
then performedand 22.5 mCi of @â€œTc-sestamibiinjected at peak
exercise or 3 mm after terminationof the dipyridamoleinfusion,
respectively. One hour later, sequential 16-frame gated planar
images in the left anterior oblique, anterior and lateral projections

were obtained.

Technetlum-99m-Sestamibi Cardiac Image Analysis
Myocardialperfusion imagingresults were analyzed using the

composite planar stress images resultingfrom summingthe 16
gated frames for each projection, as well as the rest images. In
each case, the study was interpretedqualitativelyby two expen
enced observers as showing normal homogeneous uptake in each
of the three projections. Regional and global wall motion were

The purposeofthisstudywastodescribetheclinicaloutcomeof
patientswitha normal @â€œTc-sestamibicardiacimagingstudy.
Methods:One-daygatedrest-stressplanardipyndamole(n =
112) and symptom-limitedexercise(n = 122) @â€œTc-sestamibi
protocols were used. All patients (n = 234, mean age 55 Â±12 yr,
127 males and 107 females) had normalperfusionand wall
motion on qualitativeanalysis. Patientswere followed for 6â€”16
mo (mean 10 Â±2 mo). Cardiaceventswere defined as cardiac
deathor nonfatalmyocardialinfarction.Resufts:ST-segment
depression or chest pain occurred in 8 (7%) and 29 (26%)
patientsin the dipyndamolegroup,respectively,and 20 (16%)
and 28 (22%) patientsin the exercisegroup.Cardiacevents
occurred in only one patient. The annualized event rate was
0.5%peryear.Inaddition,onlytwopatientsunderwentcoronary
revasculanzationdunngthe follow-uppenod.Conclusions: Our
dataconfirmthebenignoutcomeof patientswithnormal @â€œTc
sestamibi cardiac imaging, at least over an intermediate fol
low-upperiod.
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he prognostic value of 201@flmyocardial perfusion im
aging is well-established (1). A number of investigations
have reported a very benign outcome in patients with nor
mal 201'flimaging (2â€”18),with an overall cardiac death or
myocardial infarctionrateof < 1%peryear, as summarized
in a recent review (1 ). Technetium-99m-sestamibi is a ra
diopharmaceutical recently released for myocardial perfu
sion imaging. Its shorter half-life allows administrationof
higher doses which, along with its higher intrinsic energy,
can provide an image of superior quality to 201'fl imaging.
In addition, the higher count rates can allow image acqui
sition in a gated frame mode to provide analysis of regional
and global ventricularfunction. While the diagnostic accu
racy of @â€˜@Tc-sestamibiimaging for detecting coronary ar
tery disease (CAD) has been shown to be comparable to
20111(19â€”24),no data has yet been available regarding its
prognostic implications. We therefore report the outcome
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Exercisegroup
(n=122)Dipyridamole

group
(n=112)Age(yr)54Â±1262Â±13Gender

(male/female)61/6166/46Pretest
probabilityofCAD(%)52 Â±4255Â±40Beta-blocker

usage41(39%)34(30%)Aspirin
use57(47%)54(48%)Stress
testingresponseBaseline

HR77 Â±1571 Â±13PeakHR143Â±28101Â±21BaselineBPs129Â±20142Â±25Peak

BPs170 Â±27127 Â±24ST-segment
depression20(16%)8(7%)Chest

pain28 (22%)29(26%)

Patientsclassifiedby
no.of coronaryvesselsdiseases01

23Dlpyridamolegroup(n=18)17

73Exerclsegroup(n=32)210
812Total(n=50)317

1515

TABLE I
PatientCharacteristics

Primary cardiac events occurred in only one patient: a
nonfatal myocardial infarctionat 9 mo in a patient with a
normal exercise @Tc-sestamibistudy. No angiographic
datawas availablefor this patient. The annualizedcardiac
event rate for the overall cohort was 0.5%(95%confidence
interval= 0.0%â€”1.9%).Secondary cardiacevents occurred
in two patientswho underwentcoronary revascularization,
each for recurrentchest pain. One patient underwent cor
onaiy angioplasty 10 mo after a normal dipyridamole

@Tc-sestamibi study. A second patient underwent multi
vessel coronary bypass surgery 8 mo after a normalexer
cisc @Tc-sestamibistudy. No other patient underwent
coronaryrevascularization.The overall annualizedcardiac
event rate was 1.5%(0.4%â€”3.7%).

Among the 47 patients with angiographicallysignificant
CAD but normal @Tc-sestamibimyocardial perfusion im
aging study (Table 2), no patient had a primary cardiac
event andonly two patientsdeveloped recurrentchest pain
requiringcoronary revascularization.

DISCUSSION

The use of 20111myocardial perfusion imaging for risk
stratification of patients is now well established (1 ). Be
yond making the diagnosis of CAD, @Â°â€˜Tlmyocardial per
fusion imaging is now widely used to guide management
decisions by identifying the highest risk group of patients
and thus those patients most likely to benefit from the
expense and risk of invasive intervention. The recent in
troduction of @Tc-sestamibihas provided clinicians with
an alternative agent for cardiac imaging that has superior
imaging characteristics compared to 201'fl,yielding studies
with greatercount densities, imagingqualityand the ability
to perform gated acquisitions to provide information re
gardingglobal and regional ventricular function. As a re
sult, a growing numberof nuclear cardiology laboratories
are now using @Tc-sestamibirather than 201@flfor their
myocardial imaging studies. However, while the diagnostic
accuracy of this agent has been demonstrated to be corn
parable to 20111(19â€”23),no data has been available con
cerning its prognostic value, although it is likely that @Tc
sestamibi imaging is being used for risk stratification. Such
a use may be based on the assumption that the predictive
value will be comparable to what has already been estab
lished for 201'fl imaging. Nevertheless, it is important to

TABLE 2
CoronaryAngiographicData

analyzed qualitatively using an endless-loop cine technique for
each projection.Regionalandglobalrightandleftventricularwall
motion was interpretedas normalin each case.

Cardiac Catheterization
Cardiac catheterization was performed at the discretion of each

patient's treating physician, as clinically indicated. Coronary an
giographic data was captured and recorded for this study. Signif
icant angiographic coronary disease was defined as luminal diam
eter narrowing of 50% involving one of the three coronary
arteriesor a majorbranch.

Follow-upData
Follow-up datawere obtainedfrom telephone interviews, hos

pital records and physician office notes and were 100% complete.
The follow-upperiodrangedfrom6 to 16mo with a meanof 10 Â±
2 mo. Primary cardiac events were defined as cardiac death or
nonfatalmyocardialinfarction. In addition, coronary revascular
ization for any cause was recorded. Secondarycardiac events
included patients who developed recurrentchest pain requiring
coronary revascularization. All cardiac events were confirmed by

hospital records and laboratorydata, includingserial ECGSand
cardiac enzymes.

Statistical Analysis
Patients values are presented as mean Â±s.d. Mean values were

compared using an unpaired t-test. Frequency comparisons were
made using chi-square analysis. Cardiac event confidence inter
vals were calculated based on a binomialdistribution.

RESULTS

Hemodynamic responses to exercise and dipyridamole
are recorded in Table 1. In addition, the frequency of
ST-segment depression or chest pain during exercise and
dipyridamole protocols are also displayed in Table 1.

Cardiaccatheterizationwas performedin 50 patients; 18
in the dipyridamole group and 32 in the exercise group. In
each patient, the myocardial perfusion imaging study was
performed after cardiac catheterization. Coronary angio
graphic data is depicted in Table 2. All but three patients
who underwentcardiaccatheterizationwere found to have
angiographically significant coronary disease, including 30
patients with multivessel coronary disease.
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determine the prognostic value of @Tc-sestamibiimaging
in its own right.

We found the outcome of patients with normalmyocar
dial perfusion and contraction by @mTc@sestamibicardiac
imaging in conjunction with either symptom-limited exer
cisc or dipyridamole to be extremely benign, at least over
an intermediate follow-up period. The overall annualized
cardiac event rate was < 1% per year, a rate very compa
rable to the rate described with @Â°â€˜Tlmyocardial perfusion
imaging (1â€”18).Importantly, the natural history of the
study cohort was relatively undisturbed by coronary revas
cularization, reflecting the benign outcome of the group as

well as a probable post-test bias among physicians that
revascularization was unlikely to benefit patients with a
normal @Tc-sestamibicardiac imaging study, even when
the patient was known to have CAD. Indeed, only 2 of 47
patients with angiographically significant coronary disease,
including 30 with multivessel disease, underwent coronary
revascularization.

The benign outcome observed in our study cohort does
not appear to reflect a selection bias for a low-risk popu
lation of patientswith normalcoronary arteries. The aver
age pre-test probability of CAD was moderate for the over
all cohort (mean53%).In addition,47 (20%)were known to
have angiographically significant coronary disease. The
very high incidence of angiographic coronary disease
among patients undergoing cardiac catheterization in our
cohort (47/50, 94%)probably reflects the fact that in each
patient, the sestamibi study was done after the cardiac
catheterization. Although anatomic coronary disease had

been documented, a functional assessment with myocar
dial perfusion imagingwas requested by the treatingphy
sician. Thus, the vast majority of patients going on to
sestamibi imaging following cardiac catheterization would
have had significant angiographicdisease. Very few with
normal angiographic coronary disease would have subse
quent myocardial perfusion imaging:only those in whom
stress-induced coronary spasm or Syndrome X was being
considered. The lack of patients in our cohort who had
cardiac catheterizationfollowing a normalsestamibi study
probably reflects the benign outcome of such patients as
well as the determination by treating physicians that no
furtherevaluation was necessary.

Since we did not evaluate patients with an abnormal
perfusion imaging study, no meaningful conclusions can be

drawn from our data regarding the sensitivity of @â€œTc
sestamibi imaging for CAD. However, our data suggest
that normal @Tc-sestamibicardiac imaging predicts a be
nign outcome even when angiographic coronary disease is
present, consistent with prior observations for 201'flmyo
cardial imaging (18).

Current Study Umftations
The principallimitationof the currentstudy is the 10-mo

follow-up period. It is possible that a longer follow-up
would reveal differentresults, although prior studies have
not reported a time-dependent rate of events. The rela

tively new release of the agent currently precludes a longer
follow-up. However, because it is likely that @Tc-sesta
mibi imaging is being used in clinical practice for risk
stratification at this time, we feel it is important to provide

at least preliminary data regarding the prognostic implica
tions of @Tc-sestamibicardiac imaging.

CONCLUSIONS

Normal @Tc-sestamibicardiac imaging in conjunction
with dipyridamoleor symptom-limitedexercise predicts a
very low cardiacevent rate over an intermediatefollow-up
period. Althoughour datasuggest that the prognosticvalue
of 9@Tc-sestamibi myocardial perfusion imaging is likely
to be comparable to 201'fl imaging, studies with longer
follow-upwil be required to confirm this.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the assistance of Nancy
Perrmnein the preparationof this manuscriptand Pam Vasek for
statistical analysis.

REFERENCES
1. Brown KA. Prognostic value ofthallium-201 myocardial perfusion imaging:

a diagnostictoolcomesof age.Circulation1991;83:363â€”381.
2. BrownKA, BoucherCA, OkadaRD. et al. Prognosticvalueof exercise

thallium-201 imaging in patients presenting for evaluation of chest pain. I
Am Coil Cardiol 1983;1:994-1001.

3. StanioffHM, ForresterJS,BermanDS,SwanHJC.Predictionofdeath,
myocardialinfarction,andworseningchestpainusingthalliumscintigraphy
and exercise electrocardiography. I NuciMed 1986;27:1842â€”1848.

4. GillJB, RuddyTD, NewellJB, Finkelstein DM, Strauss HW, Boucher CA.
Prognostic importance of thallium uptake by the lungs during exercise in
coronal)' artery disease. N Engil Med 1987;317:1485â€”1489.

5. Kaul 5, Finkelstein DM, Homma 5, Leavitt M, Okada RD, Boucher CA.
Superiority of quantitative exercise thallium-201 variables in determining
long-term prognosis in ambulatory patients with chest pain: a comparison
withcardiaccatheterization.JAm CoilCardiol1988;12:25-34.

6. FlegJL, GerstenblithG, ZondermanAB, et al. Prevalenceandprognostic
significance of exercise-induced silent myocardial ischemia detected by
thallium scintigraphy and electrocardiography in asymptomatic volunteers.
Circulation 1990;81:428-436.

7. WahI JM, Hakki A-H, Iskandrian AS. Prognostic implications of normal
exercisethalhium-201images.Arch Intern Med 1985;145:263-256.

8. Pamelia FX, Gibson RS, Watson DD, Craddock GB, Sirowathka J, Beller
GA. Prognosiswith chest painand normalthallium-201exercise scinti
grams. Am I Cardiol 1985;55:920-926.

9. Wackers FiTh, Russo DJ, Russo D, aement@ JP. Prognostic significance of
normal quantitative planar thallium-201 stress scintigraphy in patients with
chestpain.JAm CoilCardiol1985;6:27â€”30.

10. Heo J, Thompson WO. IskandrianAS. Prognostic implications of normal
exercisethalliumimages.AmI NoninvasCardiol 1987;1:209-212.

11.B@ CN,RozanskiA, MaddahiJ, ResserKJ, BermanDS.Exercise
thallium-201scintigraphy and prognosis in typical angina pectoris and neg
ative exercise electrocardiography. Am I Cardiol 1989;64:282-287.

12. Koss JH, Kobren SM, GrunwaldAM, Bodenheimer MM. Role of exercise
thallium-201myocardialperfusionscintigraphyin predictingprognosisin
suspected coronary artery disease. Am I Cardiol 1987;59:531â€”534.

13.YounisLT, Byers5, ShawL, BarthG, GoodgoldH, ChaitmanBR.Prog
nostic importanceof silent myocardialischemiadetected by intravenous
dipyridamole-thalhium myocardial imaging in asymptomatic patients with
coronary artery disease.JAm Coil Cardiol 1989;14:1635-1641.

14. Hendel RC, Layden JJ, Leppo JA. Prognostic value of dipyridamole-thal
liumscintigraphyforevaluationof ischemicheartdisease.JAm CoilCar
did 1990;15:109â€”116.

15. Younis LT, Byers 5, Shaw L, Barth G, Goodgold H, Chaitman BR. Prog
nostic value of intravenous dipyridamole-thallium scintigraphy after acute
myocardial ischemic events. Am I Cardiol 1989;64:161-166.

16. StratmanHG, MarkAL, WalterICE,WilliamsGA. Prognosticvalueof

556 The Journalof NuclearMedicineâ€¢Vol.35 â€¢No. 4 â€¢April1994



atrialpacingandthallium-201SCintigraphyinpatientswithstablechestpain.
Am I Cardiol 1989;64:985-990.

17. IskandrianAS, Hakki AH, Kane-Marsch S. Exercise thallium-201scintig
raphy in men with nondiagnostic exercise electrocardiograms: prognostic
implications.Arch Intern Med 1986;146:2189â€”2193.

18. Brown I(A, Rowen M. Prognostic value of a normal exercise myocardial
perfuskn imagingstudy in patientswith anglographicallysignificantcorn
nary artery disease.AmJ Caidiol 1993:71;865-867.

19. WackersFiTh, BermanDS, MaddahiJ, CtaLTechnctium-99mhexakis
2-methoxyisobutyl isonitrile: human biodistribution, dosimetry, safety, and
preliminarycomparisonto thallium-201for myocardialperfusioniinaging.J
NuciMed 1989;30:301-311.

20. KahnJK, McGhieI, AkersMS,Cta!.QuantitativerotatiOnaltomography
with20111and99mTc2-methoxy-isthutyl-isonitrile.Adfrectcomparisonin
normal individuals and patients with coronaiy artery disease. CirCulatiOn
1989;79:1282â€”1293.

21. Najm YC, Maisey MN, Clarke SM, Fogelman I, Curry PVL, Sowton E.
Exercisemyocardialperfusionscintigraphywith techaetiam-99m-methoxy
isobutyl-isonitrile: a comparative study with thallium-201. mt i Canliol
1990;26:93â€”102.

22. KiatH, Ma&IahiJ, Toy LI, et al. Comparisonof technetium-99in-methoxy
isobutylisonitrileand thallium-201forevaluationofcoronaiy arterydisease
by planar and tomographicmethods.AmHeaiil 1989;117:1-11.

23. IskandrianAS, Heo J, Kong B, Lyons E, Marsch S. Use of technetium
99in-isoaitrile(RP-30A)in assessingleftventricularperfusionand function
atrestandduringexerciseincoronaryarterydiseaseandcomparisonwith
coronazyartenographyand exercise thallium-201SPECT imaging.Am I
Canliol 1989;64:270â€”275.

24. IngleseE, OathM, Parodi0, Ctal. Sensitivityof @fchexakis2-me
thoxyisobutylisonitrile(@Fc-rastamibi) at rest and during exercise for
detectionof coronary artery disease and comparisonwith @â€˜Tha multi
canter study.AmJNOIUiWOSCardiol 19926:285â€”290.

25. DiamondGA, ForresterJS. Analysisof prObabilityas an aid in the clinical
diagnosisofcoronaiy artery disease.NEngliMed 1979;300:1350-1358.

26. HommaS, GilhilandY, GuineyTE, Strauss HW, BoucherCA. Safetyof
intravenousdipyridamolefor stress testing with thalliumimaging.Am I
Ca,diol 198759:152-15-t

27. CasalePN, GuineyTB, StraussHW, BoucherCA. Simulthnesuslowlevel
treadmillexercise and intravenousdipytidamolestress thalliumimaging.
Am I Canliol 1988;62:799-802.

557Prognosisof Normal @1c-Sestamit@Imagingâ€¢Brown at al.




