
underlying principle of this approach is that regions sup
plied by a flow-limiting coronary stenosis are characterized
by less dipyridamole-induced enhancement of tracer up
take than are normal regions (5). However, the enhance
ment ofcoronary flow is also altered by LVH (6,7), which
is characterizedby reductionin the capacityof normally
perfused myocardium to mount a coronary vasodilator
response (8). The purpose of this study was to examine
the influence of these phenomena on the accuracy of
dipyridamole-stress perfusion imaging.

MATERIALS AND METhODS

METHODS

PatientSelection
Individuals referred for 42RbPET with recent or planned

coronary arteriography had two-dimensional echocardiogra
phy performed and were eligible for enrollment into the study.
The decision to undergo catheterization was not contingent
upon the perfusion imaging results, and most patients had
PET performed after angiography.Echocardiographywas
generally arranged after a patient was identified as suitable
and had undergone the other two tests. In addition, recent
clinical echocardiograms of good quality were used because
ofdifficulties in arranging an echocardiogram before interven
tion.

To avoidthe detectionof restingperfusiondefectsfrom
influencing the sensitivity of myocardial perfusion imaging,
patients with electrocardiographic or echocardiographic evi
dence of previous myocardial infarction were excluded. Indi
viduals were not studied if they had asthma or unstable
angina.

After the exclusionof5 patients with technical inadequacies
which precluded the interpretation ofone or other technique,
the study population consisted of 75 noninfarct patients with
angiographic, perfusion, and echocardiographic data. The
mean age was 62 Â±11 yr, and 26 (35%) were female.

Thisstudyassessesthe influenceof leftventricularhypertro
phy (LVH) on the accuracyof myocardialperfusionimaging
usingpharmacologiccoronaryvasodilation.Seventy-fivepa
tients withoutpreviousinfarction,and with known coronary
anatomy,were studiedby echocardiographyand PET. LVH
(defined by mass >1 31 g/m2 in males or >1 00 g/m2 in
females)was identifiedin25 patients;thisgroupdidnotdiffer
significantly from the remainder in terms of clinical or angio
graphicparameters.Twenty patientswith hypertrophyhad
significant coronary artery stenoses, which were identified
correctly by PET in 11 (55%), in contrast to 29 of 34 patients
(85%, p = 0.03) with coronary disease but normal LV mass.
Normal perfusion images were obtained in three of five pa
tients (60%) with hypertrophy but no coronary disease; in
contrast,14 of 16 patientswithouteithercoronarydiseaseor
hypertrophy(88%, p = ns) had normalSCanS.The accuracy
of PET was 14/25 (56%) in those with hypertrophy,and 43/
50 (86%, p = 0.01) in patients with normal LVmass. In this
group, the presence of hypertrophywas associated with
reductionin the diagnosticaccuracyof PET usingdipynda
molestress.Thesefindingsmayaccountforthe phenomenon
of â€œdipyridamolenonresponsivenessâ€•in some patients.
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he identification ofcoronary artery disease in patients
with left ventricular hypertrophy (LVH) is a frequent
clinical problem. Such individuals frequently demonstrate
resting abnormalities which compromise the accuracy of
electrocardiographic stress testing (1), so myocardial per
fusion imaging is often employed for the diagnosis of
coronary artery disease. This investigation may be per
formed safely and effectively using intravenous dipyrida
mole (2), especially if individuals are unable to exercise
(3), or if imaging is performed using 82Rb PET (4). The

Received Mar. 22, 1991 ; revision accepted Jun. 26, 1991.
For reprints contact: Dr. T. Marwick, Service de Cardiolog,e, Cliniques

Universitaires St. Luc, Avenue Hippocrate 10; UCL 10/28.81 , 1200 Brussels,
Belgium.

All patients had two-dimensional echocardiography performed
in proximity to myocardial perfusion imaging without any inter
current cardiacevents(interval2.7 Â±1.3 mo). Measurementsof
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ventricular dimensions were made from M-mode images re

corded on paper at 50 mm/sec. In the situation of unfavorable
cardiac orientation for satisfactory M-mode images, the two
dimensional images of the parasternallong-axis view of the left
ventricle(recordedon Â½â€•VHS video tape) were digitizedand
measured (DataVue, Nova Microsonics, Indianapolis, IN). Septal
thickness(S), ventricular end-diastolic dimension (EDD), and left
ventricular posterior wall (PW) thickness were measured just

below the level ofthe mitral valve leaflets in accordancewith the
recommendations of the American Society of Echocardiography

(9). Leftventricularmasswasthencalculatedusingtheformula
(10):

EchocardiographicLV mass(g)= 1.04 @(S+ EDD +
PW)3â€”EDD3@.

Left ventricular mass values consistent with necropsy data were
obtainedby applicationofthe formula(11):

True LV mass= 0.8 (echocardiographicLV mass)+ 0.6.

LVH was then defined by LV mass 13l g/m2 in males, and
lOO g/m2 in females. The study population was thus divided

into subgroupsof patientswith and without LVH.

Coronary Arteriography
Arteriogramswere performedusing the Sones or Judkinstech

niques and recorded on cine film. Films were interpreted by a
reviewerblinded to the echocardiographicand scintigraphicdata,
and stenosis severity was assessed with the assistance of digital
calipers.Significantdiseasewasdefinedby the presenceof >50%
diameter stenosis in a major epicardialvessel.

Dipyridamole-StressTechnique
A conventionaldipyridamole-handgripstressprotocol wasem

ployed before stress-perfusion imaging (12). Patients were in
structedto attend the laboratoryin the fastingstate, with absten
tion from caffeinefor 12 hr, and after cessationof theophylline
for at least a day. No changeswere made to anti-anginaltherapy.
Dipyridamolewasinfusedintravenouslyto a doseof0.56 mg/kg
over a 4-mm period, and following 2-mm delay, handgrip was
performedat 25% of maximum grip strengthfor 4 mm. Patients
were monitored clinicallyand electrocardiographicallythrough
out the stress period, and the hemodynamic and electrocardi
ographic responses to stress were analyzed for each sub-group.

PET
Myocardial perfusion was evaluated on a Posicam camera

(Positron Corp., Houston, TX) following intravenous injection
of 40â€”60mCi 82Rbfrom a generator(Cardiogen,SquibbDiag
nostics,Princeton,NJ)usinga previouslydescribedprotocol(13).
The imaging sequence commenced with a 20-mm transmission
scan performed with a 68Gafilled ring, after which resting imaging
was performedover 7 mm, the patients underwentdipyridamole
stress,and finallystressrubidium imaging.

Images were interpretedby observersblinded to the echocar
diographicand angiographicdata in accordancewith previously
published guidelines, with a stress-induceddefect being defined
by >20% reduction of counts with stress, and a resting defect
defined by regional counts >20% below maximum (13). This
interpretationwasperformedusinga quantitativecolorscaleand
polar map display produced by the Posicam Data Acquisition
System (PDAS) and VAX 11/750 computer.

Data Analysis
Abnormal coronary perfusioncorrespondingto a stenosisof

greater than 50% in a major epicardial coronary artery was
classifiedas true-positivefinding,and the absenceof a perfusion
defect correspondingto a significantstenosis was defined as false
negative. In the absence of significant coronary stenosis, the

presenceof abnormal perfusionwas classifiedas a false-positive
and the presenceof normal perfusionconstituted a true-negative.
Sensitivity, specificity, and accuracywere calculated in the usual
fashion. An unpaired t-test was used to compare continuous
variablesin thegroupswithand withoutLVHand noncontinuous
variableswere compared using Fisher'sexact test or a chi-square
test, dependingon samplesizes.

RESULTS

Left VentricularHypertrophy
Left ventricular mass was increased in 25 patients and

was normal in the remaining 50. The clinical charactens
tics of these patients are described in Table 1. There were
no significant differences in age, sex, body habitus or
medical therapy between the groups. Nineteen of these
patients (70%) with LVH had an identifiable underlying
cause, including hypertension (n = 17) or valvular heart
disease (n = 2); similarly, 25 patients (50%) of those with
normal LV mass had hypertension (p = ns).

Electrocardiographic evidence of LVH was present in
five of the patients with increased LV mass, comprising
28% of the patients in this group with electrocardiograms
suitable for interpretation (the remaining seven patients
having conduction disturbances or pacemakers). Such

TABLE I
Clinical Features of Groups With and Without LVH

25
11 (44%)
63Â±10
79Â±14
17 (68%)

50
15(30%)
61 Â±14
81 Â±12
25(50%)

Female
Age(yr)
Weight(kg)
Hypertension,valve
disease

Anti-anginal therapy
EGGevidenceof

LVH
LV septum(mm)
LV posteriorwall

(mm)
LVdiastolicdiameter

(mm)
LV massindex

(g/m@)
SignificantCAD
Multivessel disease

(%CAD)
Severe(70%) ste

noses(%CAD)

CAD= coronaryarterydiseaseandEGG= electrocardiographic.

ns
ns
ns
ns

19(76%) 35 (70%) ns
5/18 3/44 0.04

13Â±2
13Â±2

56 Â±9

11Â±2 0.001
11Â±2 0.001

45Â±6 0.001

162Â±31 91 Â±15 0.001

20 (80%) 34 (68%) ns
11(55%) 16 (47%) ns

16 (80%) 25 (71%) ns
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TABLE2Response
to Dipyridamole-HandgripStressinPopulationsWith

and WithoutLVHNon-LVHLVH

group groupp

1.4Â±0.3 1.5Â±0.3 ns

1.1 Â±0.2 1.2Â±0.2 ns
3/20 (15%) 9/34 (26%) ns

11/20(55%) 29/34(85%) 0.03
3/5 (60%) 14/16(88%) ns

ECG= electrocardiographicandAPP= rate-pressureproduct.

changes were only apparent in three patients in the group
without LVH (p = 0.04). The mean LV mass in the group
with hypertrophy was 162 Â±31 g/m2, compared with 91
Â±15g/m2 in patientswithout hypertrophy. This reflected
significantly higher values for both LV chamber dimen
sions and mean LV wall thickness in patients with LVH
(Table 1).

Twenty of the 25 patients (80%) with LVH had signifi
cant coronary artery disease, compared with 34 of the 50
patients (68%, p = ns) without LVH. The prevalence of
multivessel disease (1 1/20 versus 16/34) and the propor
tion ofpatients with severe (>70% diameter) stenoses (16/
20 versus25/34) were comparable in eachgroup.

The hemodynamic effects ofinfluence of dipyridamole
handgrip stress in patients with and without LVH are
summarized in Table 2. Heart rate increased to 130% of
that at rest and rate-pressureproduct to 140% in those
with LVH, with equivalent changes in those with normal
LV mass. Electrocardiographicfeatures of stress-induced
ST-segment changes were present in 3 of the 20 patients
with coronary stenoses and LVH and in 9 ofthe 34 patients
with coronary disease and normal LV mass (p = ns).

Myocardial Perfusion Imaging
The effects of LVH on the sensitivity, specificity, and

accuracy of myocardial perfusion imaging are portrayed
in Figure 1. Perfusion defects were present in 29 of 34
patients with coronary disease but without LVH (sensitiv
ity 85%). Purely stress-induced defects were present in 21
patients,with the remaindershowing partialdefects at rest.
In contrast, 9 patients with both coronary disease and
LVH showed no perfusion defects by myocardial scintig
raphy, so that perfusion imaging identified the presence of
coronary artery disease in only 11 instances (55%, p =
0.03). Three of these were purely stress induced, the re
mainder having some impairment in local resting perfu
sion.

The features of the 14 patients with false-negative per

Sonsltlvity

Normal LV mass r::i @vhypertrophy

Spiclflclty Accuracy

FIGURE1. Sensitivity,specificityandaccuracyof dipynda
mole-stress82RbPETinpatientswithandwithoutLVH.

fusion imaging findings are described in Table 3. Anti
anginal therapy was present in 11 (79%) compared with
29 ofthe 40 with correct perfusion imaging (73%, p = ns).
Eight ofthe 14patients with false-negative scans had severe
(:70%) stenoses(57%) compared with 33 of the 40 pa
tients with true-positive scans (83%, p = ns). Multivessel
disease was present in 7 of the 14 false-negative group
(50%) and 20 of the 40 patients with true-positive scans.
The mean increments of heart rate and blood pressure in
patients with false-negative scans (1.3 Â±0.2 and 1.4 Â±0.2,
respectively) were not significantly different from those
with true-positive results ( 1.3 Â±0.2 and 1.5 Â±0.3).

Sixteen patients had neither coronary disease nor LVH
and 14 of this group had normal perfusion imaging (spec
ificity 88%). However, only three of five patients (60%)
without coronary disease but with LVH had normal scans
(Fig. 1). The diagnostic accuracy of myocardial perfusion
imaging in patients without LVH was significantly higher
(43/50) than in those with this problem (14/25, p = 0.01).

DISCUSSION

In this study, the presence of LVH was associated with
reduction ofthe sensitivity ofdipyridamole-stress myocar
dial perfusion imaging for the detection ofcoronary artery
disease. Indeed, ofthe variables studied, only the presence
of hypertrophy distinguished between patients with true
positive and false-negative perfusion imaging results.

StudyDesign
The study population was derived from a group of

patients with planned or recent coronary arteriography
referred for 82Rb PET. As the majority of these patients
had chest pain or other cardiac symptoms, the group was
biased towards patients with coronary artery disease, so
that the sample size for assessment of specificity was
relatively small. The groups with and without LVH were
comparable in other clinical, therapeutic, and angio
graphic respects.

In order to prevent resting defects from falsely inflating

Restingheartrate
RestingAPP(x103)
Heartrateresponse
(X rest)

APPresponse
(x rest)

Rb rest:stressratio
ECGevidenceofis

chemia
Rb-PETsensitivity
Rb-PETspecificity

65Â±1463Â±12ns9.1
Â±2.78.5Â±2.1ns1.3Â±0.21.4Â±0.2ns
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Patient
no. SexOther

Coronary
LVH diseases Medicaltherapy angiographyStressresponseEGGHR APP

1 F LVH ht,as Ca 70%RCA

AS = aorticstenosis,Beta= betaadrenoceptorantagonist,Ca = calciumantagonist,HR = heart-rateresponseto stress(multipleof
rest)ht= hypertensionNLV= normalleftventriclenitr= nitratesandAPP= rate-pressureproduct(multipleofrest).

TABLE3
Clinical, Angiographic, and Stress Findings in Patients with False-Negative Scans

nochange1.21.22MLVHhtBeta65%
LCX,60%RCAno change1.61.73FLVHhtCa,

Beta50% RCAno change1.11.24FLVHhtCa,
Beta,nitr50% LAD,70%RCAno change1.21.15FLVHnonenone80%

LCX,65%LADnO change1.31.56MLVHhtCa75%
LADno change1.41.57MLVHhtCa,

Beta100% Dl,90%RCAno change1.81.98MLVHnonenone80%LAD,60%LCXnochange1.31.29MLVHnoneCa,

nitr60% LAD,70%DIno change1.2110FNLVhtCa,
nitr70% LADno change1.41.5I

1MNLVnoneBeta60% RCAno change1.21.612FNLVnoneBeta60%
RCAno change1.21.113MNLVnoneCa65%
LAD,65%RCAno changeI.31.214MNLVhtnone55%
LADno change1 .31.3

the sensitivity of myocardial perfusion imaging, patients
with electrocardiographicor echocardiographic evidence
of priorinfarctionwereexcludedfromthe study.Despite
these measures, 16 patients had at least part of their post
stress defects apparent on the resting scan.

LVH was defined in this study by increased LV mass
calculated by echocardiography (9-11). This approach
constitutes a more sensitive determinant of LVH than
electrocardiography (14,15), further evidenced here by the
identification of this problem in only five patients by
application of Estes' criteria(16). In this study, the calcu
lation of LV mass was felt to be more appropriate than
classification on the basis of wall thickness alone, as pre
vious experimental observations (17-20) have linked LV
mass (rather than wall thickness) to changes in coronary
flow reserve.

PET is a highly sensitive myocardial perfusion imaging
technique for the detection of coronary artery disease (4,
21). Due to the availability of attenuation correction, the
energy of the positron annihilation photons, and high
contrast resolution, it avoids some ofthe artifacts inherent
in thallium imaging and has a higher accuracy (13,22).
For the purpose of this in vivo study of the effect of LVH
on myocardial perfusion imaging, its resultsare less prone
to artifact than other currently available clinical tech
niques.

Effect of LVH on Coronary Flow
The development of LVH may be associated with in

adequate growth of the coronary vasculature as well as
alterations of vascular geometry (23). Consequently, de
spite increases of global myocardial blood flow above
normal (8), resting regional flow per gram of tissue may
be diminished (24). Several studies (17-20) have demon

strated that LVH is associated with reduction of maximum
myocardial blood flow per gram of tissue (and thereby,
flow reserve), although these findings have not been urn
form, due partlyto the use ofvasodilator stimuli of variable
efficacy, including treadmill exercise (25). These phenom
ena might act to limit the augmentation of tracer uptake
into normal tissue after vasodilator stress;thus, the differ
ence between a normal areaand one suppliedby a stenosed
artery may be less apparent.

Influenceof LVHon PerfusionImaging
Although the impairment of coronary flow reserve in

LVH has been elucidated, reduction in the accuracy of
myocardial perfusion imaging due to these phenomena is
less well established. The influence of LVH on specificity
may involve the erroneous detection ofeither resting (26)
or stress-induced defects (27). The latter reflect the pro
pensity for hypertrophy to potentiate the occurrence of
ischemia, even in the absence ofmajor epicardial coronary
artery disease (27). Such defects in the absence of signifi
cant coronary artery disease also have been described in
patients with aortic stenosis (28). Our study, however,
enrolled few patients without coronary disease (this is an
inherent problem in the selection of patients after or with
planned catheterization). The effect of LVH on the speci
ficity of dipyridamole-stress perfusion imaging could be
approached in another study design, for example in ath
letes at low probability of coronary disease.

The effect of LVH on the sensitivity of myocardial
perfusion imaging for the detection of coronary artery
disease may also be anticipated from existing data. Pre
vious animal studies showing impaired coronary flow re
serve in the presence of LVH correlate with recent scinti
graphic findings that illustrate reduced augmentation of
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myocardial rubidium activity after stress (8). This reduc
tion of hyperemia in normal tissue impairs its distinction
frommyocardiumthat failsto increaserubidiumuptake
due to a significant coronary lesion and thereforecompro
mises the sensitivity of the technique for the detection of
coronary stenoses. In this respect, there is a paradox that
although hypertrophy probably sensitizes the myocardium
to ischemia, the ability to detect this with flow reserve
dependent techniques is reduced. This may not be true of
exercise-stress methodologies. Standard doses of dipynda
mole act as a coronaryhyperemic stimulus, with metabolic
phenomena of ischemia being induced relatively rarely
(29), in contrast to exercise, where changes of regional
coronary flow may be paralleled by the occurrence of
ischemia. Ischemia may reduce regional coronary flow or
decrease the uptake of tracer into the myocardium (30),
augmenting the development of areas of reduced tracer
uptake. Thus, despite impairment of coronary flow re
serve, the sensitivity ofperfusion imaging for the diagnosis
of coronarydiseasemaybe maintainedin exercisestress
perfusion imaging by the occurrence ofischemia (31).

Practical Implications
The results of this study imply that a negative dipyri

damole-stress perfusion scan may not effectively exclude
coronary artery disease in patients with LVH. The coro
nary hyperemic response to standard doses of dipyrida
mole is attenuated in these patients, but higher doses may
be more effective (this remains to be studied). Similarly,
the abilityof the scannerto imagesmallareas at each
extreme ofhigh and low tracer uptake may assume critical
importance when the distinction between zones of maxi
mal and submaximal hyperemia is blunted. This study
was performed using a current state-of-the-art device of
comparable spatial resolution to alternative commercially
available instruments, but the problems posed by LVH
may be less prevalent using subsequent higher resolution
devices.

CONCLUSIONS

In this studygroup,the sensitivity of dipyridamole-stress
myocardial perfusion imaging was significantly lower in
patients with LVH than in those with normal LV mass.
This finding may be consistent with previous data showing
a reduction ofcoronary flow reservein patients with LVH.
This observation may explain a proportion of patients
showing the phenomenon of dipyndamole â€œnonrespon
sivenessâ€•.
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FIRST IMPRESSIONS
ACQUISITION INFORMATION
A 24-yr-old male with chest tightness, nausea and
vomiting was referred for adrenal imaging to confirm
bilateral pheochromocytoma. Bilateral adrenal mass
was first found with ultrasonography. This patient was
normotensive and had no f@milyhistory. VMA
(vanillylmandelic acid) level in 24-hr urine was
elevated. Iodine-131-MIBG uptake in the adrenal glands
was intense without discernible uptake in the heart and
liver. Supplementary imaging studies of CT and MRI,
which showed consistent findings of
pheochromocytoma,were performed. POstoperative
pathologic diagnosis was compatible with
pheochromocytoma.


