
aorticstenosis (11) and preoperativecoronaiy angiography
is performed in most institutions.

SPECF can detect significant CAD in patients without
concurrentaortic stenosis (1213). However, the presence
of aortic stenosis introduces difficultiesin the scintigraphic
evaluation. Increasedwall stress, left ventricularhypertro
phy and shortened coronaiy perfusion time may alter the
scintigraphic images even in the absence of CAD. Exercise
stress tests with 201'flplanarimaging(14â€”16)or with 201'fl
SPECT (17) have been used to assess CAD in patients with
aorticstenosis. Dipyridamolecan be used to achieve a near
maximal increase in coronaiy blood flow prior to thallium
administration (18 19). Dipyridamole has been used with a
handgrip test and planar @Â°â€˜Tlimaging in patients with
aortic stenosis (20), and dipyridamole @Â°â€˜TlSPEC!' has
also recently been used in a small number of patients with
aortic stenosis (21). Dipyridamole cardiac imaging has
been found to be a reasonablysensitive and safe method to
assessCAD in patients with known or suspectedcases
(22,23). The normal limits of dipyridamole @Â°â€œfldistribu
tionwithinthe myocardiumhas been presentedfor patients
without aortic stenosis and CAD (24). This â€œnormaldis
tributionâ€•in patients with aortic stenosis but without CAD
has not been established previously.

The aim of this study was to establish the normal limits
for the distributionof @Â°â€˜Tlin patients with aortic stenosis
without CAD using dipyridamole @Â°â€˜TlSPECT and to ap
ply these normal limits to a group of patients with aortic
stenosis and angiographicallyverified CAD.

MATERIALSAND ME1HODS
Patients

Fifty-twopatients(28malesand24 females,agerange44â€”79
yr; mean age, 67.7yr) with aortic stenosisundergoinginvestiga
tion priorto possiblereplacementof the aorticvalve were in
cluded. Six patientshad a history of previousmyocardialinfarc
tion, 13 had a history of previous syncope and 37 had angina
pectoris. Two patients were in functional class II, 48 in class Ill
and 2 in class IV according to the NYHA classification.

Informedconsentwas givenby all patients.The studywas
approvedby the hospitalethics committee.

DipyndamoleSPECTdetectssignificantcoronaiyarterydisease
(CAD) in patientswithoutaorticstenosis.This studywas done to
establishnormal @Â°@T1distributionlimitsin patientswith aortic
stenosis and to apply these normal limits to patientsw@iaortic
stenosis and angiographicallysignificant CAD (75% area re
duction). Methods: Fifty-two patients (mean age 68 yv@mean
valvearea0.67cm') wereexaminedwith @Â°i1SPECTafter
dipyndamole infusion (0.56 mg/kg during 4 mm). After tomo
graphic reconstruction, basal, mid-venthcuisr and apcal short
a)assI@eswere selected.The highestactivityin each sb-degree
segment was normalizedto the mwdmal actMty of each slice.
Results: SignfficantCADwas foundin24 patients.F'rvepatients
wfthoutCAD,butwfth lOcaliZedhypokinesiaor leftbundle-branch
block, were exduded from the reference group wh@hfinally
consistedof 16 patients.Sensithiftyfor CAD was 88% when the
lowest relativeactivity in each segment was used as the lower
limit of normal. With â€”2s.d. and â€”2.5s.d. curves the sensltMty
was 83% and 75%, respectively.Gender-specificlimitswere not
used. NonsignificantCAD was found in seven patients (<75%
stenoses).Conclusions: This study presentsthe normal distri
bution of 20111uptake for patients v@thaortic stenosis, using
dipyndamoleSPECT.The rangemethodhadthe highestsan
sftMty for detectionof significantCAD.

KeyWords:aorticstenosis;coronaryarterydisease;dipyndam
ole;thallium-201; SPECT;computerevaluation

J NuciMed1994;35:983-988

n patients with aortic stenosis, the valve area can be
determined noninvasively with two-dimensional and
Doppler echocardiography (1â€”5).Simultaneously, addi
tional valve lesions as well as left ventricularfunction can
be assessed (6â€”9).

Concomitantcoronaiy arterydisease (CAD) is frequent
in patients with aortic stenosis (10) making it necessary to
exclude or confirmCAD priorto surgery. Angina pectoris
is not a reliable predictor of CAD in adult patients with
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â€”â€”;@;@;valveareawascalculatedusingecho-Dopplerandthe
continuity equation (6). The peak gradient was obtained using
continuous Doppler (1). Concomitant aortic or mitral regurgita
tion was assessed with color flow imaging and was graded as
absent, slight, moderate or severe. Left ventricularwall motion
was assessed using two-dimensionalechocardiography.Myocar
dial mass was calculated using measurements made according to
American Society of Echocardiography criteria and the cube for
mulaof Troyet al. (25,26).Myocardialmasswas correctedfor
body surface area. Left ventricularmyocardialmass index was
calculated as:

LVMI = 1.04[(NS + LVDd + PW)3 â€”(LVDd)3J/BSA,

where IVS is thickness of septum (cm); LVDd is left ventricular
diastolic internaldiameter(cm); PW is thickness of posteriorwall
(cm);and BSAis body surfacearea (m2).

A myocardialmassindex> 150g/m2formenand> 120g/m2for
women was regardedas myocardialhypertrophy(27).

Equilibrium Radlonuclide Anglography
Left ventricularejectionfraction(EF)wasobtainedin 50pa

tients (two patients with missing data) using a standardradionu
clide equilibrium method.

Dipyridamole ThalIlum-201 SPECT
Dipyridamole (0.56 mg/kg body weight)was dissolved in 250 ml

saline and infused intravenously during 4 mm with the patients in
a supine position. No additional stress was used. Two minutes
after conclusion of the infusion, 74 MBq of 20â€•flwas injected and
2 mm thereafter 115 mg theophyllinewas slowly administered
intravenously (28). A 12-lead electrocardiogramwas monitored
and cuff blood pressure was measuredevery second minute dur
ing the procedure.

Imagingstarted within 10mm after the injectionof 2o1'flusing
a GE400T gamma camera with a low-energy high-resolution par
allel-hole collimator. A dual-windowing technique was used with
a 40%window centered around the 68â€”80-keVpeak and a 15%
windowcenteredaroundthe 158-keVpeak. Thirty-two40-sec
imageswere acquiredusing 180Â°counterclockwise rotationstart
ing from a left posterior oblique view. The images were acquired
on a Gamma 11 computer system using a 32 x 32 matrix, and
tomographic reconstructions were performed using ifitered back
projection. The reconstructedshort-axis images were transferred
to a Macintosh Ilsi computer for furtherevaluation. Image anal
ysis was made using software based on â€œImage,â€•(NationalInsti
tutesof HealthResearchServiceBranch,NIMH).A basal,mid
ventricularandapicalshort-axissliceweremanuallyselected.For
each selected slice, the outer boundaryof the myocardiumwas
defined by the operator. Startingat the â€œ3o'clockâ€•position and
moving clockwise, the computer program divided the slice into
six-degree segments and the highest activity in each segment was

normalizedto the highest activity in any segment in the slice. The
relative activity in each segment was then plotted (Figs. 1 and 2).
The procedure was similar, but not identical, to a previously
describedprocedure (24). Vascularterritorieswere assignedfor
each slice as follows: The 147Â°â€”315Â°segment was assigned to the
left anteriordescending coronaryartery(I.AD), the 316Â°â€”63Â°seg
ment was assigned to the left circumflex coronary artery (LCX)
and the 640_1460segment to the rightcoronary artery(RCA).

FIGURE 1. Quantitativeanalysistechniques.After operatorde
terminationof the outerboundaryof the myocardium,the computer
dMdes the cardiac image into 60 sb-degreesegments,and the
ma,dmalactivftywfthineachsegmentis measured.

Coronary Anglography
Coronaryangiographywas performedin allpatientsusingthe

Judkinstechniquewithmultipleangulations.A visuallyassessed
area reduction of at least 75%in at least one coronary arteryor
major branch was considered as angiographically significant
CAD. All angiograms were evaluated by two independent observ
ers and disagreementwas solved by majoritydecision througha
thirdobserver.

Student's two-tailed pairedand unpairedt-test was used. A p
value less than 0.05 was considered to be statisticallysignificant.
Meanandstandarddeviationwascalculatedfromthenormalized
activitycurves.

RESULTS

The meanaorticvalve areafor the study populationwas
0.67 cm2 (s.d. 0.26) with a range of 0.34â€”1.34cm2. The

FiGURE2. Thallium-201distnbutionforthepatientinFigure1
(themidventrioularplanefroma patientwfthnormalcoronaryangio
gram).
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BeforeAfterdipyridamoledipyridamole
pvalue

TABLE I
HemodynamicEffectsof Dipyndamolelnfusion*

HeartrateBeats/mm, mean(s.d.)70 (15)84(16)0.0001Systolic
bloodpressuremmHg, mean(s.d.)139 (23)134(23)0.01Diastolic
bloodpressuremmHg, mean (s.d.)81 (12)78 (12)0.03

â€˜Therewasa significantincreaseinheartrateanda smallbutsignificantdecreaseinbothSystolicanddiastolicbloodpressure(n = 52).

mean peak Doppler gradient was 85 mmHg (s.d. 34), range
23â€”163mmHg. Nineteen patients had a slight mitral regur
gitation and eight a moderate mitral regurgitation. Aortic
regurgitation was present in 21 patients, slight in 18 and
moderate in 3. No patient had severe aortic or mitral re
gurgitation. Mean LVMI was 206 (s.d. 69) g/m2, ranging
from 112 to 441 g/m2and 89%of the males and 92%of the
femaleshadmyocardialhypertrophy.

EquilibriumRadlonuclideAnglography
Mean ejection fraction measured in 50 patients (two

patients with missing data) was 53% (range 18%â€”73%,s.d.
14%).Two patientshadEF < 20%,with nosignsof CAD
according to angiography, but they were both excluded
from the reference group due to severe hypokinesia shown
by echocardiography.

Coronary Anglography
The 52 patientswere divided into threegroupsaccording

to angiography. Group 1 consisted of 21 patients with no
angiographic signs of CAD, Group 2 consisted of 24 pa
tients with angiographically significant CAD (75% area
reduction) and Group 3 consisted of seven patients with
coronary stenosis but <75% area reduction at angiogra
phy.

Dlpyridamole Thalllum-201 SPECT
Sixteen patients reported angina during the infusion,

rangingfrom only a mild discomfort to strong chest pain
(0.5â€”6on the 10-gradeBorg scale)(29).Thechestpainwas
reversed by theophylline in all but a few patients who
requiredadditionalsublingualnitroglycerine.Duringdipyr
idamole infusion, there was a significant increase in heart
rate and a small but significant decrease in both systolic
and diastolic blood pressure (Table 1). Forty patients
showed a ST-segment depression on the resting electrocar
diogram. Seventeen patients had a lowering of the ST
segment that was 1 mm or greater during dipyridamole
infusion. Three patients reported headache during the di
pyridamoleinfusion. Therewere no serious complications.

Five of the 21 patients with no angiographic signs of
CAD had either a localized left ventricular hypokinesia
according to echocardiography (4 patients), suggesting a
previous myocardial infarction, or a left bundle-branch
block on the electrocardiogram(1 patient), and were cx
cluded from the reference group. The reference group thus

consists of 16 patients, 5 males and 11 females. The mean
activity curve, the lower limit of range curve, the â€”2s.d.
and â€”2.5 s.d. curves in each slice arepresentedin Figure3.

If more thanone six-degree segment fell below the lower
normallimit, the scintigraphicstudy was considered abnor
mal. When the lower limit of range in the reference group
was regardedas the lower normal limit and applied to the
Group2 patients with significantCAD (n = 24), the sensi
tivity for detection of significant stenosis was 88% (21/24).
When â€”2s.d. was used as the lower normal limit, sensi
tivity was 83% (20/24). Sensitivity was 75% (18/24) using
â€”2.5s.d. as the lower normal limit.

Seven patients had an angiographic area reduction of
less than 75% (Group 3 patients) and were considered to
have nonsignificantcoronary stenoses. With the range ap
proach four patients fell outside the lower normal limit.
Using â€”2s.d. and â€”2.5s.d., three and two patients, re
spectively, were considered to have pathological scinti
grams.

Using the range method, 38 (69%) of 55 vessels with
significant stenosis were correctly identified. In 12patients
with three-vessel disease, the extent of disease was cor
rectly identified in seven patients. Twenty (53%) of the 38

vesselswithoutsignificantstenosiswereclassifiedasscin
tigraphically normal. All the 48 vessels in the reference
group were classified as normal. Overall, there was a
match in 106 (75%) of 141 vessel areas using the range
method.

The patients in the reference group had a slightly lower
LVMI, mean 191 g/m2 (s.d. 80 g/m2) than the patients with
significantCAD, mean 199 g/m2(s.d. 55 g/m2).The differ
ence was not statistically significant. The patients in the
reference group had a smaller aortic valve area than the
patientswith CAD, mean 0.62 cm2(s.d. 0.24 cm2)and 0.76

@2(s.d. 0.27 @2)respectively, but the difference was not
statistically significant.

There was no difference in the frequency or severity of
aortic or mitral regurgitationbetween the patients in the
reference group and the patientswith angiographicallysig
nificantCAD.

Left ventricular ejection fraction was higher in the ref
erence groupthanin patientswith CAD, 61%(s.d. 7%)and
54% (s.d. 13%), respectively, and the difference was al
most statistically significant, p = 0.0503.
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patients without aortic stenosis (23,28), but is higher than
the incidence reported using a dipyridamolehandgriptest
(20). The latter may be due to the increase in systolic blood
pressure using a handgripafterdipyridamole,but may also
be due to differences in the study populations.

In the present study, dipyridamole infusion caused no
serious complications and none have been reportedprey
ously (20,21). Dipyridamole-@Â°'Tlscintigraphy seems to be
a safe method even in patientswith severe aortic stenosis.
To better assess the safety of the procedure, largerstudies,
preferably from several institutions, are needed.

The present study shows thatdipyridamole-@Â°'TlSPECT
can be useful in assessing the presence of CAD in elderly
patients with aortic stenosis. The sensitivity for angio
graphically significantCAD in the present study is in the
same range as for patients without aortic stenosis (22) and
in the same rangeas reportedusingthe dipyridamolehand
grip test and planar @Â°â€˜Tlimaging (20). The sensitivity
found in the present study using the rangemethod (88%)is
also in the same range as recently reported using exercise
201TlSPECr (17).

Using dipyridamole to increase coronary blood flow
makes it possible to investigate more patients since exer
cisc stress testing in patients with aortic stenosis and left
ventricular failure may not be appropriate. The main
purpose of the noninvasive test was to identify patients
with concomitantCAD. Therefore, the lower limitof range
method, which yielded the highest sensitivity (88%), is
preferable.Withthis high sensitivity it mightbe possible to
exclude patients with scintigraphicfindingswithin normal
limits from coronary angiography. Redistribution images
were not analyzed since the main purpose of the present
study was to reveal flow-limiting coronaiy stenoses.

Though rare, false-negative studies (3/24) must be con
sidered. Angiographyis the gold standardfor determining
coronaiy artery anatomy, but the method has several him
itations (32,33). The interobserver variability may be re
duced by quantitative computerized angiography. This
method was not available to us at the time of the present
study. Also, coronaiy angiographygives an estimate of the
anatomicalnarrowingof the arteriesbut the effect on blood
flow is only assumed (34). Therefore, both under- and
overestimation of the hemodynamic effect is possible. The
scintigraphic method also incorporates limitations, but
conceptually assesses relative coronaiy perfusion reserve
and may thus give a more physiologic measure of the
hemodynamic significance of coronary artery stenoses
than angiography.Complete agreementbetween coronaiy
angiographyand scintigraphycannot be expected.

The seven patients with definite but angiographically
insignificant CAD (Group 3) showed a spectrum of scinti
graphicimages. Regardless of which lower limit of normal
was applied (range, â€”2s.d. or â€”2.5s.d.), two patients had
scintigrams outside the normal limits and three patients
had normalscintigrams.This clearly suggests that the cor
onary lesions in at least two of these patients might have
been hemodynamically significanteven though they were
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FiGURE3. ThallIum-201dlstnbutionforallpatientsintherefer
ence group,e.g., the patientswith no signs of CAD accordingto
angk@graphyor ethOcardkgraphy.The mean, the lower limit of
range,meanminus2 s.d.and meanminus2.5s.d.are shown.(A)
basalplane;(B)m@ventricuisrpisne;and (C)aj@calp@ne.

DISCUSSION

The fear of using vasodilator therapy in patients with
severe aortic stenosis is well established, however, recent
studies challenge this view and have even suggested ben
eficial effects of afterload reduction in these patients
(30,31). Since the dipyridamole effects are reversible with
a suitable antidote such as theophylline, a noninvasive
diagnostic test which might spare the patient an invasive
examination should not be excluded.

The incidence of dipyridainole-provokedchest pain in
the present study is similar to the incidence reported in
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considered to be insignificant at angiography. Scintigraphy
may reveal important information prior to surgery that can
help to determine if a coronary bypass should be per
formed at the same time as valve replacement.

A beneficial effect of simultaneous valve replacement
and coronary bypass surgery in patients with aortic steno
sis and significant coronary artery disease has been docu
mented(35,36).We donotbelievethattheseresultscanbe
applied on the particular subgroup of patients where the
hemodynamic significance of a coronaiy stenosis is ques
tionable. Valve replacement alone decreases myocardial
oxygen demand and will also normalize coronaiy flow pat
terns (37).

The patients in this study were not compared to scinti
graphic normal values in subjects without CAD and aortic
stenosis.Thepatternofthalliumdistributioninourpatients
with aortic stenosis but without CAD is similar to prey
ously published patterns (24). The normal curves in the
presentstudytendto be lower in someregionsthanthe
Iowa normals (24).

The value of a diagnostic method cannot be fully deter
mined until specificity is evaluated; true specificity cannot
bedeterminedfromthepresentstudy.It isnotappropriate
to calculate specificity on the same patient group used to
provide the range, â€”2s.d. and â€”2.5s.d. limits of normal.
Also, calculating the standard deviation from a material
that is normalized to the maximum is not universally con
sidered to be statistically correct, however, it is a widely
usedmethodandwe thinkthatit isfeasibleto describethe
lower limit of normal. To calculate specificity, a prospec
tive study should be performed. Nevertheless, using the
range method, scintigraphy and angiography agreed in 75%
of 141 vessel territories indicating a fair specificity, espe
cially since there was no attempt to correct for individual
variations in coronary anatomy or variation in coronary
perfusion regarding the apical region.

In this study, the low number of patients without CAD is
partly due to the exclusion of all patientswith angiograph
ically insignificant stenosis, e.g., an area reduction of less
than 75% from the normal group. Because of difficulties in
determining the hemodynamic effect of a stenosis by an
giography, we only included patients without any sign of
CAD to calculate the normal distribution of 201'fl Also,
patients were excluded from the reference group who had
an echocardiographically verified localized left ventricular
hypokinesia, which might be due to a previous myocardial
infarction thus causing a scintigraphic defect, as well as
one patient with left bundle-branch block, which is also
known to effect scintigraphic images. No patient with an
giographically significant or insignificant coronary lesions
had a left bundle-branch block. Another reason for the low
number of patients without CAD in the present study is the
olderageof thestudypopulation.

Genderdifferencesin normalscintigraphicfindingshave
been reported (13). The present study does not include
enough patients to allow us to reliably calculate normal
limits for men and women separately. Even though no

gender specffic limits were used, we found a high sensitiv
ity for angiographically significant CAD. With a larger pa
tient group allowing separate normal limits for men and
women, the performanceof the test may increase further.

CONCLUSION

The present study establishes the normal distribution of
20111 uptake in patients with aortic stenosis using dipyri

damole to increase coronaryblood flow. We conclude that
dipyridamole 201'flSPECT seems to be safe even in pa
tients with aortic stenosis, however, larger studies are
needed to better assess safety. Computer-assistedevalua
tion gives a high sensitivity for angiographicallysignfficant
coronary artery stenoses in patients with aortic stenosis
using the lower limit of range as the discriminatingthresh
old.
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