
which different diagnostic criteria for the V/Q scan can be
applied. In patients with no prior cardiopulmonary disease,
fewer mismatched perfusion defects indicate a higher probabil
ity of PE than among patients with prior cardiopulmonary
disease. Among patients with no prior cardiopulmonary disease,
the use of fewer mismatched perfusion defects for a high proba
bility assessment results in a higher sensitvity with no reduction of
the specificity or positive predictive value (2,3 ). The same number
of mismatched perfusion defects in a patient with prior cardiopul
monary disease results in a lower probability of PE.

CONCLUSION
The data presented here strengthen the validity of stratifica

tion according to prior cardiopulmonary disease for a better
diagnostic interpretation of the V/Q lung scan.
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dial perfusion abnormalities mainly in the hypertrophied myo
cardium in these patients (3,4). Hemodynamic and metabolic
evidence of pacing-induced myocardial ischemia was also
demonstrated in such patients (5,6). Camici et al. (7) also
suggested that coronary vasodilator reserve is impaired in
patients based on â€˜3N-ammoniaPET studies. Thus, it is gener
ally accepted that flow reserve impairment is present in patients
with hypertrophic cardiomyopathy.

Whether true ischemia at rest is present in patients with
hypertrophic cardiomyopathy and contributes to pathogenesis
remains controversial. In ischemic coronary heart disease,
preserved â€˜8F-fluorodeoxyglucose (FDG) uptake in the seg
ments with reduced myocardial perfusion, known as perfusion
metabolism mismatch, has been proposed as a marker of
ischemic but viable myocardium (8â€”11). Some investigations
based on PET findings using â€˜3N-ammoniaand FDG suggest
the presence, and others the absence, of ischemia in patients
(12, 13 ). In addition, metabolic alteration, including oxidative
metabolism, has not been fully investigated in these patients.

Therefore, the purposes of this study were to evaluate both
the presence or absence of resting ischemia and energy alter
ations, including glucose and oxidative metabolism, in hyper
trophic myocardium.

METhODS

Subjects
The study group consisted of 20 patients (10 men, 10 women;

aged 13â€”82 yr; mean 42.6 yr). Hypertrophic cardiomyopathy was
defined as hypertrophied and nondilated left ventricle in the
absence of any other cardiac or systemic disease that itself
produces left ventricular hypertrophy (14, 15). The diagnosis of
hypertrophic cardiomyopathy was made based on the clinical
course and the results of echocardiography, electrocardiography

We evaluatedmyocardialblood flow, glucose and oxygen metabo
lism using PET in hypertrophic cardiomyopathy (HCM).Methods:
PET studies using 18F-fluorodeoxyglucose(FDG)and@ 1C-acetate
were performed at rest in patientswith HCM and normalsubjectsas
a control group. The metabolic rate of glucose (MRGIu),K mono
value as a marker of oxidative metabolism, and myocardial blood
flow were estimatedfrom serialdynamic FDGand 11C-acetatePET
studies. Results: Myocardial blood flow (%) did not differ signifi
canfly in hypertrophic and nonhypertrophic myocardium (90.3 Â±3.1
versus 91.7 Â±3.4).The MRGIu in hypertrophic myocardium, how
ever, was lower than that in nonhypertrophic and normal myocar
dium (0.44Â±0.10 versus0.52 Â±0.15 and 0.53 Â±0.15 @mol&min/g,
respectively, p < 0.05). The K mono values were also lower in
hypertrophic myocardiumthan in nonypertrophic and normal myo
cardium (0.05 Â±0.010 versus 0.066 Â±0.0011 and 0.065 Â±0.017
per mm, respectively, p < 0.05). The %FDGJ%perfusion values in
hypertrophic myocardium did not differ significantly from those in
nonhypertrophic myocardium (0.96 Â±0.10 versus 1.02 Â±0.07).
Conclusion: Myocardialischemiaat rest is observed lessfrequently
in patients with HCM. lmpwrment of oxidative and glucose metab
olism may precede decreased blood flow. Primary metabolic im
pairment isconsideredto be dominant in hypertrophic myocardium.
Key Words: PET;hypertrophic cardiomyopathy;myocardialmetab
olism; carbon-i 1-acetate; fluorine-i 8-FDG
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H ypertrophiccardiomyopathyis a primarymyocardial
disease of unknown etiology and pathogenesis (1,2). Pati
ents with hypertrophic cardiomyopathy often complain of chest
pain. Exercise studies using 201T1have also suggested myocar
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scanner has an effective resolution of 9 mm and an axial resolution
of 7 mm FWHM after reconstruction (20 ). Each subject was
positioned in the gantry of the PET camera with the aid of an
ultrasound technique. At the beginning of the study, a transmission
scan was obtained for 20 mm using a 68Ge/@8Gaexternal source to
correct for photon attenuation.

Approximately 185 MBq (5 mCi) of FDG were administered at
rest 40â€”60mm after a 75-g oral glucose load. Serial dynamic PET
scans (30 sec X 8 frames, 4 mm X I2 frames) were obtained after
FDG administration. FDG static images were reconstructed from
the last three frames (between 40 and 52 mm postinjection).

On a different day, serial PET imaging was performed at rest
after slow infusion of 370 MBq (10 mCi) of â€˜â€˜C-acetateover
30â€”40sec,duringwhich20 framesof6O seceachfor 20 mmwere
acquired to assess oxidative metabolism and perfusion.

Data Analysis
Four regions of interests (ROIs) were placed over the left

midventricular myocardium when asymmetrical septal hypertrophy
was present (Fig. I) and on the anterior wall when apical hyper
trophy was present. These regions were divided into hypertrophic
and nonhypertrophicsegments based on the echocardiographic and
MRI findings. In the analysis of Iâ€˜C-acetatePET studies, the
time-activity curves of the corresponding four or five segments
were generated from serial PET images after correction for
deadtime, physical decay and cross-contamination (20â€”22). The
clearance rate constant (K mono) (1mm) of each segment was
calculated from these time-activity curves by monoexponential
fitting as a marker of oxidative metabolism (20). In addition, the
washout rate of' â€˜C-acetatefrom 8 mm to 20 mm was calculated to
generate a â€˜1C-acetate washout map. The regional perfusion was
estimated from the peak activity (23 ) and perfusion images were
reconstructed from the frame with the peak myocardial activities
(usually 120 to 180 sec after tracer injection).

In the analysis of FDG-PET studies, regional metabolic rate of
glucose (MRG1u) (@mole/mi&g) in each segment was measured
using Patlak graphic analysis from serial myocardial and blood
pool activities obtained from serial dynamic scans after FDG
administration (24,25). FDG uptake between 40 and 52 mm
postinjection was also measured. After measuring wall thickness,
the partial volume effect was corrected according to the recovery
coefficient for myocardial perfusion calculation, MRG1u, and FDG
uptake in each segment (25â€”27).After correcting for partial
volume effects, myocardial perfusion and FDG uptake were
normalized (%) to the peak values among the ROI. Furthermore,
the percent FDG uptake was divided by the percent perfusion in
order to calculate the FDG/perfusion percentage values. Perfusion
metabolism mismatch was considered to be present when the
FDG-to-perfusion percentage ratio was above mean + 22 s.d. of
the normal value determined in the normal subjects studied with
FDG and â€˜â€˜C-acetate.

Comparisons of these parameters were conducted between
symptomatic and nonsymptomatic patients and between patients
with and without family history of hypertrophic cardiomyopathy.
In addition, these parameterswere also compared according to age
(i.e., patients <50 yr of age (younger group, n I 1) and those

50 yr (older group, n = 9).

Statisbcal Analysis
The mean values ofall parameters such as the percent perfusion,

percent FDG, MRG1u, K mono, and FDG-to-perfusion percentage
ratio in hypertrophic and nonhypertrophic segments in each patient
were calculated. The data are presented as mean Â±s.d. The
statistical significance of difference in mean values between two
groups was analyzed with either the paired or unpaired Student's
t-test. When the test groups were not normally distributed, the

FiGURE1. Midventriculartransaxial
slice illustratesthe definitionof four
ROlsin patientswith asymmetrical
septal hypertrophy.Mother ROl (5)
was placed in the anteriorsegment
inpatientswithapicalhypertrophy.

(ECG), MRI and left ventriculography. Among these patients, I 1
patients had a family history of hypertrophic cardiomyopathy and
10 had some symptoms, such as exertional angina or occasional
shortness of breath. No patient had a history of diabetes. Patients
with outflow obstruction were excluded from this study. As a
control, FDG-PET studies were performed in 10 normal volunteers
(9 men, 1 woman) aged 32â€”59yr (mean: 44.0 yr) and â€˜â€˜C-acetate
PET studies in 7 normal male volunteers aged 23â€”41yr (mean:
34.7yr).Noneof thevolunteershadahistoryofcardiacdisease,
hypertension, diabetes or any other cardiac symptoms. Each
subject gave written informed consent and was approved by the
Ethics Committee of Kyoto University.

Echocardiographic Studies
Transducers of 2.5 and 3.5 MHz were used in the echocardio

graphic studies. M-mode echocardiography was performed on
parasternal long- and short-axis views and apical two- and four
chamber views. The M-mode echocardiographic measurements
were performed according to the criteria recommended by the
American Society of Echocardiography (16 ). Wall measurements
of the septum and lateral wall on a plane which was thought to
correspond to the midventricle were made after various views were
observed.

If the end-diastolic thickness of the septum was at least 15 mm
and its ratio to that ofthe left ventricular posterior wall was at least
1.3, asymmetrical septal hypertrophy was considered to be present
(1 7). If echocardiographic apical long-axis or four-chamber views
demonstrated apical hypertrophy and a spade-like configuration
was also found in the right anterior oblique ventriculogram at
end-diastole, apical hypertrophy was considered to be present (18).

Hypertrophy ofthe anterior septum or the posterior free wall was
assessed as present when diastolic wall thickness was 15mm;
hypertrophy of the posterior septum and lateral free wall was
defined as a diastolic thickness 17mm (13,19).

MRI
MRI was performed with the use of a I.5-T superconducting

magnet in ten patients, two of whom had APH. Images were
obtained in an ECG-gated spin-echo sequence. After an initial
multislice scan to localize the heart in the thorax, a midventricular
transaxial plane was selected. This scanning was performed with
two measurements: a 128 X 256 matrix and a 5-mm slice
thickness. Scans were repeated with different delay times after the
R-wave to obtain systolic and diastolic frames (3 14 and 4 msec,
respectively, after the R-wave). A double spin-echo pulse sequence
with an echo delay of 25/50 msec was used for data acquisition.
The repetition times were equivalent to the R-R interval of the
ECG, which ranged from 600 to 1300 msec. In the two patients
with APH, wall measurements, including the anterior wall, were
performed based on MRI.

PET
PET studies were performed using a whole-body PET camera

which provided 15 simultaneous slices at 7-mm intervals. The
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TABLE I
Patient Profiles

APH= apicalhypertrophy ASH= asymmetricalseptal hypertrophy IVSth= end-diastolicthicknessof the septum; LVPWth= end-diaStOlicthickness
ofthe postenorwall; LVDd= end-diaStOliCleftventliculardimenalon;LVDs= end-systolicleftventriculardimension;LVEF= leftVentricUlarejeCtiOnfraction;
HR= heartrate;SP= SystOlicpressure;APP= rate-pressureproduct;NEFA= non-esterffiedfattyacid;Symp= symptom;FH= familyhistoryNP= not

@ed.

Patient Age lVSth LVPWth LVDd LVDs LVEF HR SP RPP Glucose Insulin NEFA
no. (yr) Sex Type (mm) (mm) (mm) (mm) (%) (bpm) (mmHg) (xO.0i) (m@/dl) (MU/mO (p.Eq/Iiter) Symp FH

150FAPH10ii5033636010060.013639.7178â€”â€”261MAPH131448287298110107.815822.8131+â€”331MASH22124125756512480.6NPNPNP+â€”438MASH20124429665510859.4157109.1272â€”+545MASH16ii5437595511663.816161.7312++662MASH17104528806213483.115759.4306â€”â€”782MASH20123917826014687.613954.8698+â€”858MASH2213582650609456.412835.5246â€”+947FASH17125946526212074.411732.696â€”+1046FASH20114125685811667.311752.5310++1113FASH28114931767110272.415820.3187â€”+1250MASH15114425755613676.214820.1520â€”â€”1317MASH16124729788210586.1142110.2545â€”+1463FASH15114023745410958.915742.0156++1563FASH188382273641

1976.214385.8234++1614MASH1593821837011479.812634.6760â€”â€”1719FASH158522571789775.713037.8106â€”â€”1826FASH15106044606910975.210125.6102+â€”1924FASH159513665448838.79932.6214++2060FASH1810412278549350.218334.7202++

paired or unpaired nonparametric t-test was applied. Significant
differences were considered to be present when p value was less
than 0.05.

RESULTS
Table 1 shows patient profiles, plasma substrate levels at the

time of FDG-PET studies and hemodynamic data obtained at
the time of acetate PET studies. There were no significant
differences between these patients and the normal volunteers in
the plasma concentrations of glucose (139.8 Â±21 .9 versus
139.9 Â±15.9 mg/dl), insulin (48.0 Â±27.2 versus 50.1 Â±28.1
p.U/ml), and nonesterified fatty acid (277.6 Â± 162.6 versus
314 Â±241.2 p@Eq/l).Theheartrate(65.9 Â±10.5versus62.0 Â±
5.0 bpm), the systolic blood pressure ( 112.0 Â± 15.1 versus
120.0 Â±5.0 mm Hg), and rate-pressure product (7360 Â±1410
versus 7500 Â± 1260) also did not show any significant
differences in these two groups.

Wall Measurementsby EchOcardiOgraphyand MRI
Wall thickness measurements in two septal and lateral

regions were performed by both echocardiography and MRI in
ten subjects (eight patients with ASH and two patients with
APH). The wall thickness measurements (mm) by echocardi
ography (y) and MRI (x) were linearly well correlated with each
other (y = 1.2 Â±0.95x, R = 0.88).

Regional Perfusion, MRGIu and K mono in HCM
The regional perfusion (%) did not show a significant difference

between the hypertrophicand the non-hypertrophic segments (90.3
Â±3.1 versus 91.7 Â±3.4, respectively) (Fig. 2A). The K mono
value in the hypertrophicsegments was lower than that in either the
non-hypertrophic segments or the normal myocardium of the
healthy volunteers (0.056 Â±0.010 versus 0.066 Â±0.01 1 and 0.065
Â±0.017, respectively, p < 0.05) (Fig. 2B), and MRG1u was also
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versus 0.059 Â±0.010, respectively). Similarly, these parame
ters for the nonhypertrophic myocardium did not differ in these
two patient groups (88.6 Â±4.5 versus 90.6 Â±4.2, 0.51 Â±0.17
versus 0.53 Â±0.13, 1.01 Â±0.07 versus 1.02 Â±0.08, and 0.068
Â±0.013 versus 0.063 Â±0.010, respectively).

FEG Age-Related Differences
The myocardial blood flow percentage, MRG1u, FDG-to

perfusion percentage ratios and K mono values of the hyper
RPH trophicmyocardiumdidnotdiffersignificantlybetweenthe

younger (age <50 yr) and the older (age 50 yr) patient groups
(90.3 Â±3.5 versus 90.2 Â±2.8, 0.45 Â±0.10 versus 0.43 Â±0.10,
0.96 Â±0.14 versus 0.96 Â±0.06, 0.056 Â±0.01 1 versus 0.056 Â±
0.010, respectively). Similarly, these parameters for the nonhy
pertrophic myocardium showed no difference in these two
patient groups (92.3 Â±3.7 versus 91.2 Â±3.2, 0.52 Â±0.15
versus 0.52 Â±0. 15, 1.00 Â±0.07 versus I .03 Â±0.07, 0.068 Â±
0.014 versus 0.064 Â±0.010, respectively, p = ns).

DISCUSSION
The present study demonstrates that hypertrophic cardiomyop

athy showed that both oxidative and glucose metabolism were
often impaired in these patients, particularly in the hypertrophic
myocardium, while the myocardial perfusion at rest was not
significantly decreased. In the nonhypertrophic myocardium, how
ever, myocardial metabolism was preserved compared with the
normal myocardium. These data indicate that absolute metabolic
changes may exist mainly in the hypertrophic myocardium.

MetabOliC Alteration in Hypertrophic Cardiomyopathy
Increased glucose utilization is a hallmark of ischemic

myocardium and FDG was proposed for use in delineating
viable but dysfunctional myocardium. PET using 18F-FDG has
been used in the detection of ischemia and differentiation of
ischemic but viable myocardium from irreversible myocardial
necrosis in coronary artery disease (10,28,29). Thus, perfusion
metabolism mismatch is proposed as the criteria of PET
ischemia. On the other hand, previous investigations indicated
that preservation ofoxidative metabolism in an abnormal region
was necessary for function recovery after recanalization in
chronic coronary artery disease (30). On the basis of these
concepts, fibrotic change is considered to be dominant in the
hypertrophic myocardium because both oxidative metabolism
and glucose metabolism were impaired. These findings may
reflect the presence of fibrosis in hypertrophic cardiomyopathy,
a fact which was suggested in previous morphological investi
gations (31â€”33).

Myocardial Perfusion Estimated by Carbon-Il-Acetate
Gropler Ct al. (23 ) estimated myocardial perfusion using

120-second data beginning 60 sec after bolus intravenous
injection of@ 1C-acetate. The time interval was chosen based on
their observation in normal subjects of: (a) minimal myocardial
clearance ofmyocardial activity within the first 4 mm following
bolus administration of Iâ€˜C-acetateand (b) an adequate differ
ential ratio of myocardial activity to blood-pool activity by 60
sec postadministration of the tracer. In our study, however,
I IC-acetate was infused slowly over a period of 30 to 40 sec.

Based on our observation in normal subjects, therefore, a frame
showing peak myocardial activity (usually I20 or 180 sec after
tracer injection) was selected for assessing relative myocardial
perfusion. In fact, the percent myocardial perfusion obtained
with our method was well correlated linearly with that obtained
by â€˜3N-ammoniaPET studies in nine patients with coronary
artery disease (CAD) and four patients with hypertrophic
cardiomyopathy. Therefore, we consider that relative myocar
dial perfusion can be assessed using our method not only in

FIGURE 3. Transaxial images of
perfusion,FDGandacetatewash- @E@FUSION
out map for Patient2 who had api
cal hypertrophy.PerluSiOnwas pre
served in the hypertrophiedapical
region,but FOGuptakewas do
creasedand acetatewashoutwas
also delayed, suggesting impaired
gkicoseand oxygen metabolismin @4CET@TEW@ISHOUT

lower in the hypertrophic segments (0.44 Â±0.10 versus 0.52 Â±
0. 15 and 0.53 Â±0. 15, respectively, p < 0.05) (Fig. 2C). Neither
the K mono value nor MRGIu in the nonhypertrophic segments
differed from that in the normal myocardium.

FDG-to-Perfusion Percentage Ratios in HCM
The mean FDG-to-perfusion percentage ratios in hypertrophic

segments did not differ significantly from those in the nonhyper
trophic segments (0.96 Â±0.10 versus I.02 Â±0.07, respectively).

No patient showed perfusion-metabolism mismatch patterns
which might have suggested the presence of ischemia. Perfu
sion-metabolism mismatch pattern was not observed in hyper
trophic cardiomyopathy and, furthermore, some ofthe segments
showed impaired glucose utilization (Figs. 3 and 4).

Symptom-Related Differences
Ten patients had cardiac symptoms such as exertional angina

or occasional shortness of breath. The myocardial blood flow
percentage, MRGIu, FDG-to-perfusion percentage ratio and K
mono of the hypertrophic myocardium in the symptomatic
patients, however, did not differ significantly from those in the
nonsymptomatic patients (90.2 Â±3.2 versus 90.4 Â±3. 1, 0.47 Â±
0.10 versus 0.41 Â±0.10, 0.97 Â±0.11 versus 0.95 Â±0.09 and
0.060 Â± 0.01 1 versus 0.052 Â±0.009, respectively). These
parameters in the nonhypertrophic myocardium in the symp
tomatic patients did not differ from those in the non-symptom
atic patients (91 .3 Â±3.2 versus 92. 1 Â±3.6, 0.53 Â±0. 17 versus
0.52 Â±0.13, 1.03 Â±0.05 versus 1.00 Â±0.09 and 0.069 Â±0.01 1
versus 0.063 Â±0.008, respectively).

Family History-Related Differences
Eleven patients had family history of hypertrophic cardiomy

opathy. The myocardial blood flow percentage, MRGIu, FDG
to-perfusion percentage ratio and K mono values of the hyper
trophic myocardium in patients with family history did not
show any significant differences from those in the patients
without (90. 1 Â±3.0 versus 90.5 Â±3.3, 0.44 Â±0.09 versus
0.45 Â±0. 12, 0.94 Â±0. 10 versus 0.99 Â±0. 10 and 0.05 1 Â±0.010

FIGURE 4. Transaxial images of
pertualon,FDGandacetatewashout
map for Patient8 who had asym
metrical septai hypertrophy.Perfu
sion was preservedin the hypertro
ph@d septal region, while FOG
uptakewasslightlydecreased.Ace
tatewashoutwas alSOdelayedinthis
regionwhen comparedto the non
hypertrophicpOSterOlateralregkn.
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patients with CAD but also in those with hypertrophic cardio
myopathy.

Myocardial lschemia in Hypertrophic Cardiomyopathy
Chest discomfort or angina pectoris is frequently observed in

patients with hypertrophic cardiomyopathy. The several possi
ble mechanisms that have been advanced to account for this
symptom include small vessel disease in the thickened ventric
ular septum (34,35), septal perforator artery compression (36),
coronary artery spasm (37) and inadequate capillary density in
relation to the increased myocardial mass present in hypertro
phic cardiomyopathy (5 ). In fact, there are many reports
indicating perfusion abnormalities after exercise (3,4. 13 ), dur
ing pacing-induced tachycardia (5, 6) and after pharmacological
vasodilatation (7). Thus, it is generally accepted that flow
reserve is impaired in patients with hypertrophic cardiomyop
athy. In the resting state, however, Camici et al. reported that
myocardial blood flow is increased in the hypertrophied septum
compared with the nonhypertrophied myocardium ( 7). Niena
ber et al. (13 ) demonstrated that the blood flow decreases in the
hypertrophied myocardium. In this study, myocardial blood
flow at rest was slightly decreased in the hypertrophic myocar
dium compared to nonhypertrophic myocardium but the differ
ence did not show statistical significance. Thus, myocardial
blood flow is relatively homogenous throughout left ventricular
myocardium in hypertrophic cardiomyopathy. In addition, no
patient showed perfusion-metabolism mismatch patterns. These
data indicate that ischemia may less likely be observed in a
resting condition. The myocardial blood flow and FDG-to
perfusion percentage ratios in the hypertrophic myocardium did
not differ significantly in the symptomatic and non-symptom
atic patients. From these findings, it is considered that the
myocardium with hypertrophic cardiomyopathy is not always
exposed to ischemia.

Nienaber et al. (10) indicated the presence of PET ischemia
in symptomatic hypertrophic cardiomyopathy. Conversely,
Grover-Mckay et at. (12) noted no PET ischemia in mildly
symptomatic patients. The present study of symptomatic pa
tients, however, did not indicate ischemia. There was no
significant metabolic difference between symptomatic and non
symptomatic patients. The symptomatic patients may have had
myocardiat ischemia at the cellular or subcellular levels, but the
amount of ischemic tissue may not have been large enough to
be identified by PET. Such discordant findings between sub
jective symptoms and the metabolic alterations delineated by
PET have occasionally been observed in patients with ischemic
heart disease. These findings suggest that the metabolism in
hypertrophic cardiomyopathy is more complicated and that
such metabolic alteration cannot be explained simply in terms
of ischemia. Some primary myocardiat damage rather than
ischemia may cause metabolic alterations as well as such
symptoms as angina pectons. Further evaluation is needed to
determine the clinical significance of abnormalities in myocar
dial metabolism without decreased perfusion.

Metabolic Afteration in Relation to Age and Family History
In this study, metabolic alterations did not differ in the

younger and the older patient groups, or in the patients with and
without family history of hypertrophic cardiomyopathy. These
results suggest that the metabolic alteration in hypertrophic
cardiomyopathy cannot simply be explained based on genetic or
aging factors. These factors, and probably some other unknown
ones, may influence the myocardial metabolic alterations and
symptoms in a complex manner.

Umitations
Our study has several limitations. The partial volume effect

causes underestimation of regional tissue activities when the
thickness of the myocardial wall is less than twice the spatial
resolution of the imaging device (26). In this study, the partial
volume effect was corrected mainly based on echocardio
graphic findings. In ten patients, MR images were also ob
tamed. The wall thickness obtained from the echocardiographic
measurements was correlated well with the thickness obtained
with MRI. The sites of wall thickness measurements were
carefully matched with the placement ofthe ROI. Nevertheless,
slight misalignments could be observed. However, the ratio of
FDG-to-perfusion percentages would eliminate the effects of
regional partial volume because this index calculates values
within the same region.

The variability of MRGIu is notable and is caused mainly by
interpatient variability (38). Therefore, there might be some
difficulty in comparing normal myocardium and myocardium
with hypertrophic cardiomyopathy. In addition, possible
changes in lumped constants in individual patients cannot be
accounted for in such pathological myocardial tissue as hyper
trophic cardiomyopathy.

In this study, absolute regional flow data were not available.
Therefore we are not able to compare the absolute flow in
hypertrophic cardiomyopathy with that in the absolute normal
myocardium. A dynamic acquisition ofblood pool and myocardial
activities of â€˜5O-wateror â€˜3N-labeledammonia may permit abso
lute measurement of myocardial blood flow (7,39â€”41).

This study was performed under resting conditions. Our data,
however, do not rule out metabolic abnormalities occurring
during exercise.

Finally, we studied only 20 patients with hypertrophic car
diomyopathy. The number of patients and segments in this
study may be too small to elucidate metabolic and perfusion
abnormalities. Further investigation is needed to verify whether
our results are valid.

CONCLUSION
Impairment of oxidative metabolism and glucose metabolism

was observed mainly in the hypertrophic myocardium in pa
tients with hypertrophic cardiomyopathy. Primary metabolic
impairment, rather than ischemia, is therefore considered to be
dominant in hypertrophic cardiomyopathy.
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singlelunghad a positivepredictivevalue < 10%. Thesecriteria can
therefore be used for a very low proba@lfty interpretation. A
matched WQ defect in only one zone of the lung had a poaltive
predictivevaluegreaterthan 10% and is not a criterion for very low
proba@lftyclassification but can be considered a criterion for low
probability.Perfusiondefects associatedwith smallpleuraleffusions
(obliteration of the costophrenic angle) had a posftive predictive
value of 25%â€”33%,depending on the group Studied, and are a
criterion for intermediateprobabillty.Conduslon Criteria appropri
ateforverylowprobability(<10% positivepredictivevalue)inter
pretation of WQ scans in patients with suspected acute PE have
been identified.

Key Words pulmonary embolism; thromboembolism; ventilation
perfusion lung scans
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The purpose of this investigationwas to identify characteristics or
combinations of characteristics of the ventilation-perfusion (V/Q)
scan in patientswith suspectedacute pulmonaryembolism(PE)that
can be used for a â€œverylow probabilityâ€•interpretation (<10%
positivepredictivevalue).Methods Datawereculledfrom individual
lungs of 532 patients in the randomized arm of the Prospective
Investigationof PulmonaryEmbolismDiagnosis(PIOPED)studyand
205 patients in the referredarm. AJIpatlentshad a <20% consensus
probability estimate of PE based on V/Q scan results, and all
underwent pulmonary angiography.Results Nonsegmentalperfu
sion abnormalities,perfusion defects smaller than opacities on the
chest radiograph, a combination of these types of perfusion abnor
malities,and matched V/Q abnormalities in two or three zones of a

ReceivedMar. 21, 1995;Jul. 14, 1995.
For correspondence or reprints contact: Paul D. Stein, MD, Henry Ford Heart and

vascuiarInstitute,NewCenterPavibon,Room1107,2921W.GrandBlvd.,Detroit@Ml
48202-2691.

Low PROBABILITYV/Q SCANâ€¢Stein et at. 577

Evaluation of Individual Criteria for Low Probability
Interpretationof Ventilation-PerfusionLung Scans
Paul D. Stein, Bruce Relyea and Alexander Gottschalk
Henry Ford Heart and Vascular Institute, Detroit, Michigan; and Michigan State University, East Lansing, Michigan


