
SPECIAL CONTRIBUTiON

plied by stenosed vessels may have only a minimum
reserve capacity to dilate and will therefore be unable to
increase blood flow at the same rate seen in more normal
territories. An actual coronary steal can occur if the area
distal to a severe stenosin is dependent on collateral flow
for normal resting blood flow supply. With a pharmaco
logic stressor, the collateral flow may be significantly
reduced, resultingin an absolute decrease in nutrientblood
flow and subsequent production of acute myocardial isch
emia. However, the production of true ischemia is not
necessary in order to produce a disparity in regional blood
flow thatcan be detected by myocardialperfusionimaging.

PROTOCOL

Dipyridamole is administered in a bolus infusion with an opti
mal total dose of 0.56mg/kgover a periodof 4 mis. Duringthe 3
to 5 mm betweencessationof dipyridamoleinfusionand the
resultant stress on the heart, interventions can be requested of the
patient,such as low-levelhand-gripexercises, and walkingor
sitting in place. These interventionsstimulate catecholamines,
whichreducessomesplanchnicbloodflow.Thisis importantto
considerwhen using @â€œ@Tc-labeledcompoundsbecause they have
moreuptakein thesplanchnicbedthan201'fl.Ancillaryexercise
also produces a higher quality image, but does not result in higher
sensitivity to detect CAD. The radiotracer is injected 7 to 9 mm
after dipyridamoleinfusion. The time from injection to image
acquisitionis the same with dipyridamoleas with exercise myo
cardialperfusionstudies.

Aminophyllineis recommendedto counteractany adverse re
actionto dipyridamoleinfusion.Routineuse of thisagentis still
somewhat controversial, but may be appropriate in situations
wherethephysicianis notcontinuouslyavailableto monitorthe
occurrence of side effects for 10 to 20 mm after the infusion has
been terminated.The patient shouldbe supineand allvital signs
shouldbe monitoredduringdipyridamoleinfusion.All methyl
xanthine medications and caffeine consumption should be discon
tinuedbefore a dipyridamoleperfusionstudy.

MECHANISM

As dipyridamole in infused, it blocks the reabsorption
and metabolism of adenosine normally produced in the
body. At basal conditions, normal adenosine levels are
relatively low. The biologic half-life of natural adenosine,
normally 15 to 30 sec in the bloodstream, increases with
dipyridamole infusion, tripling or quadrupling the level of
circulatingadenosine. The increased level of naturaladen
osinc actuallyproduces the desired effect on the heart, i.e.,

Dipyndamole is a pharmacologic stressor used in place of
exercisefor myocardialperfusionimaginginpatientswhocannot
exercise due to various physical limitations.Perfusion studies
wfth dipyndamole can identify coronary artery disease (CAD)as
accurately as maximal exercise stress testing. In addition, dipyr
idamole myocardial perfusion studies are useful to stratify
patients according to riskof subsequent cardiac events. As di
pyridamoleis infused,itblocksthe reabsorptionand metabolism
of adenosinenormallyproducedinthe body,producingthe de
sired effect on the heart, coronary hyperemia. Dipyridamole can
be used w@ 20111and @Fcmyocardial perfusion tracers, for
eitherplanaror SPECT imaging,inpatientswho cannot exercise
or who can only exercise at submaximal levels.
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he principle underlyingmyocardial perfusion imaging
is to effect maximum exertion on the heart to attain max
imum coronary blood flow. The purpose of stressing the
heart is to create a disparity in blood flow between normal
and stenosed arteries. This stress can result from increased
oxygen demand in response to exercise, or by vasodilatory
effects of a pharmacologic stress agent, such as dipyrida
mole. Pharmacologicstressors are useful for patients who
cannot exercise forvarious reasons, includingphysical lim
itations, medications, lungdisease, peripheralvascular dis
ease, motivational conditioning and aortic aneurysms.

Pharmacologicor physiologic stress is needed to detect
coronary artery disease (CAD)when using myocardial per
fusion imagingbecause, even in the presence of high-grade
stenoses, resting blood flow is typically normalsince distal
arterialresistance is reduced to allow for a normal perfu
sion pattern. With dipyridamole infusion, myocardial
regions supplied by normal or near-normal arteries will
experience increasing blood flow due to decreased coro
nary vascular resistance. In contrast, myocardium sup
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Patients
Year (no.)Exercise@mh11DipyÃ±damois-tm111Investigators(Location)SensitivitySpecificityAnginaSensitivitySpecificityAngina1978

6234/51
(67%)10/1

1
(91%)41/62 (66%)34/51 (67%)10/1

1
(91%)25/62 (40%)Albro

at al. (14)
(Seattle,WA)1

980 201 8/20
(90%)N/AN/A17/20 (85%)N/A4/20 (20%)Timmis

at al. (15)
(Bnghton,UK)1981

5025/35
(71%)15/15 (100%)29/50 (58%)24/35 (69%)15/15 (100%)13/50 (26%)Naritaetal.(16)(Osaka,Japan)1981

6854/60
(90%)8/10 (80%)42/68 (62%)52/58 (90%)9/10 (90%)20/68 (29%)Machecourt

et al. (17)
(Grenoble,France)1982

1510/12
(83%)3/3 (100%)10/15 (67%)12/12 (100%)3/3 (100%)5/15 (33%)Wddeetal.(18)(Bristol,UK)Totals

215141/178
(79%)36/39 (92%)122/195 (63%)139/176(79%)37/39 (95%)67/215(31%)*CAD

= 50% stenosis,except for Machecourt at al. study(1981), inwh@h CAD=70%stenosis.N/A
= notavailable.

TABLE 1
ReportedResultsof Exerciseand Dipyndamole-ThalliumScans forDetectionof CAD*

coronary hyperemia (1). Overall, heart rate increases 20%
to 40%, depending on whether the patient walks or per
forms other ancillary exercises. Blood pressure and dia
stolic blood pressure drop slightly (2,3).

ClinIcal Considerations
Myocardialand splanchnic radiotraceruptake is greater

with dipyridamolethanwith exercise, and blood clearance
is slower. The splanchnic uptake re-enters the circulation
and reduces the washout rate from normalmyocardium.

Patients on effective antianginaltherapy, such as beta
blockers and calcium-channel blockers, will still have a
positive myocardial perfusion image with dipyridamole,
despite adequate therapy. Although the scan will be posi
tive, prognosis may be better in these patients compared
with patients not treated with antianginalmedication.

SAFETY AND ADVERSE EFFECTS

The database for dipyridamole perfusion studies now
totals 46,000 patients; the death rate is approximatelythe
same as for exercise stress testing, even when patients are
administereda 50% increase in the recommended dose of
dipyridamole (4).

Although the risk of dipyridamoleis comparableto that
of exercise, there are precautions to consider duringdipyr
idamole infusion in patients with unstable angina or recent
myocardial infarction (MI). Elevated adenosine levels,
triggeredby dipyridamoleinfusion, can provoke broncho
spasm. Patients with recent respiratory failure, severe
chronic obstructive pulmonary disease (COPD) or acute
asthma should not undergo a dipyridamole stress test. If an
outpatientwith a history of lung disease, COPD or asthma
is not using a bronchodilatorandis not wheezing before the
perfusionstudy, it is safe to use dipyridamole.However, if
this patient complains of shortness of breath or begins to
wheeze, the dipyridamoleinfusion must be halted immedi

ately and intravenous aminophylline should be adminis
tered quickly.

Caffeine consumption prior to the perfusion study can
blunt the hemodynamicresponse to dipyridamole.For pa
tients who forget to discontinue coffee before their tests,
the dose of dipyridamolemay be increased, or dobutamine
may be used in place of dipyridamole.A note of caution: a
minimalhemodynamic response does not necessarily indi
cate absence of hyperemia. Some patients, particularly
those with diabetes or vascular disease who have auto
nomic dysfunction, do not exhibit hemodynamicresponses
to stress testing.

The majorcontraindicationis allergyto dipyridamoleor
aminophylline,which is not very common (1 in 10,000)(3).

EFFiCACY

In one of the early dipyridamoleperfusion imagingstud
ies, patientswho hadundergonenegative 201@flstudies after
submaximal exercise stress testing returned for a repeat
study with dipyridamolesubstituted for exercise (5). Sub
maximal was defined as <70% of predicted heart rate. The
dipyridamole perfusion studies demonstrated ischemia not
detected by submaximalexercise studies in about 25%of
patients.

In the clinical setting, when a patient is referredto rule
out CAD, it is not cost-effective to performa submaximal
exercise stress test for 3 mm, which typically results in low
heart rate, no symptoms, a normal electrocardiogram
(ECG) and a homogenous myocardial perfusion scan, be
cause such a patientwill often be referredagainfor another
myocardial perfusion study with a pharmacologic stress
agent. Even when patientsseem as ifthey mightachieve an
adequate level of exercise, dipyridamoleinfusion can pre
vent false-negative results and help ensure a diagnostic
test.
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FiGURE 1. Lifetableanalysiscompanng
the event-freesurvivalof 172 patientswith
normal dipyridamole-thalliumscans (solid
line)withthatof332 patientswfthabnormal
scans (dashed line).Cardiac death or Ml
occurred morefrequently in patients withab
normal dipytidamole-thalliumsantigrams
(p < 0.005).Reptintedwithpermissionfrom
theAmadcanCollegeofCardiology(@kximaI
oftheAmerican college of Cardkk@gy1990;
15:109).

A review of the literature (Table 1) offers results from
hundreds of patients who underwent exercise @Â°@Tlperfu
sion imaging, dipyridamole-thaffiumimagingand coronary
angiography(3). These data show that myocardial perfu
sion studies were predictive of catheterization findings,
independent of whether exercise or dipyridamole studies
were performed. The significant difference was the in
creased presence of anginain patientswho exercised. Does
this conclusion indicate that every patient had the
same result on both the exercise and dipyridamole studies?
No. The concordance is about 80%.The concordance rate,
however, for repeat exercise stress testing in the same
patient is about 80% to 85%, without changing tech
nique.

For the majorityof patients who can exercise, perfusion
studies with dipyridamole will provide the same results.
For patients who cannot exercise, perfusion studies with a
pharmacologic stressor will provide better results than sub
maximal exercise. Pharmacologic coronary vasodilation
with dipyridamole is also used in conjunction with PET
tracers for detection and evaluation of CAD, as discussed
elsewhere in thin section by Schwaiger (see pages 693â€”
698).

When dipyridamole was first used for myocardial perfu
sion imaging, nuclear cardiologists questioned whether it
would provide the same prognosticvalue as exercise stress
testing. Of the first500 patients studied at the University of
Massachusetts, a normaldipyridamoleperfusion scan was
predictive of a 95%survival rate over a mean 2-yr follow
up, compared with 85% for an abnormal scan (Fig. 1).
When risk of subsequent cardiac events is assessed by the
number and severity of perfusion defects, patients can be
stratffied into low-, moderate-, and high-rink catego
ries (6).

The patient population studied most extensively with
dipyridamole perfusion imaging is the group at risk for
perioperativecardiacevents (7â€”12).All patientsreferredto
our institution for surgery are screened for vascular dis
ease. The presence of redistributionor transientdefects on
myocardial perfusion images is the most powerful predic
tor of these events. Other factors that influence this risk
assessment include diabetes, prior MI, angina and
Q-waves on ECG. Patients with no clinical or ECG risk
factors are at low risk;patientswith one or two riskfactors
can be risk-stratified on the basis of dipyridamole myocar
dial perfusion images.

A clinical trial in Japan evaluated the use of dipyri
damole-thallium imaging in patients with idiopathic cardio
myopathy (13). Transient perfusion defects are more
common in CAD patients than in patients with idiopathic
dilated cardiomyopathy; however, multiple small defects
are more common in idiopathic cardiomyopathy than in
patients with an ischemic cause of disease. Because CAD
patients can benefit from antianginaltherapy or revascu
larization, this differentialdiagnosis is of value.

CONCLUSION

Dipyridamolemyocardialperfusion imagingcan identify
CAD as accurately as maximal exercise stress testing. In
addition,dipyridamoleperfusionstudies are useful to strat
if),patients according to risk of subsequent cardiac events.
Dipyridamolecan be used with 2O11f@and 9@Tcmyocardial
perfusion tracers, for either planar or SPECF imaging, in
patients who cannot exercise or who can only exercise at
submaximal levels.
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