
icant progress has been made in the evolution of technol
ogy directed toward the accurate measurement of regional
myocardial perfusion in patients. Recently, positron emis
sion tomography (PET) has emerged as a noninvasive
means to quantify myocardial blood flow (MBF). PET
measurements of absolute regional myocardial blood flow
have been validated in dogs using the microsphere tech
nique (1).

Different PET tracers are available. Among them, 150..
labeled water (}I2'@0)has the major advantage of being
freely diffusible; its kinetics are solely related to flow and
are not altered by changes in myocardial metabolism.
Moreover, its short half-life (2.1 miii) allows sequential
measurements with a low radiation dose for patients. How
ever, it has the disadvantageof a poor signal-to-noiseratio,
which hinders its use in clinical routine. Oxygen-15-C0,
which permits labeling the vascular volume, has been used
in combinationwith H2150to delineate the myocardialwall
fromthe other anatomicstructures(2â€”4),in orderto obtain
tissue 150 time-activity curves suitable for MBF measure
ments using fitting analysis. Another method consists of
combining the H2150 bolus technique with a metabolic
â€˜8F-fluorodeoxyglucose(FDG) study used to define myo
cardial regions of interest (ROIs). This approach may be
appropriatefor routine determinationof coronary reserve
in patients suffering from coronary artery disease since
PET evaluation of such patients often includes a combined
flow-metabolismstudy.

The aimofthe present study was to evaluate this method
by comparingPET results with those obtained with intra
coronary Doppler technique, coronary reserve being as
sessed by the use of dipyridamole infusion as pharmaco
logical stress. Patients with left anterior descending artery
stenosis were studied with both techniques. Patients eval
uated for atypical chest pain but with no significant lesion
on coronary angiogramwere also studied in order to cx
amine the ability of PET to measure high values of coro
nary reserve. Since impaired wall motion may alter the
ability of PET to measure MBF (1), patients with left

Thisstudycomparedpositronemissiontomography(PET)using
oxygen-15-labeled water for measurement of coronary reserve
withintracoronaryDopplerin patientswithleftanteriordescend
ingarterystenosisand patientsw@ino coronarylesionanda
coronaryreserve3 as assessedby the invasivetechnique.To
determinewhetherPET measurementof coronaryreserveis
alteredbypartialvolumeeffect,patientswithleftventriculardys
functiondueto idiopathiccardkxnyopathywerestudiedwithboth
techniques.Directuftrasonicmeasurementof coronaiyreserve
wasperformedthe daypriorto the PETstudy-@a Dopplercath
eterwasplacedin the prodmalleftanteriordescendingartery;
meanvelocitywasrecordedat baselineandafterdipyridamole
administration. Using a time-of-flight PET system, patients un
derwent:(1)an intravenousbolusofoxygen-15-labeledwaterat
baselineand 4 to 6 mm after intravenousinfusionof dipyii
damoleusingthesameprotocolasfor Dopplerstudyand(2)a
18F-fluorodeoxyglucose(FDG)myocardialimaging.Oxygen-15
time-acthiitycurveswererecordedin myocardialregionsof in
terest(ROIs)drawnona staticFDGimage.Usingthe leftyen
triculartime-activitycurveasaninputfunction,a standardmodel
with a single-tissuecompartmentwas fittedto the PETdata;
myocardialblood flow was estimatedas the blood-to-tissue
transferrateconstant.CoronaryreservemeasuredbyPETwas
wellcorrelatedwiththatmeasuredbyintracoronaryDoppler(r =
0.98,p < 0.001for globalpopulation).ThisPETmethodis an
accurateand reliabletool to noninvasivelymeasurecoronary
reserveinpatients,eveninthosewithleftventriculardysfunction.
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sessment of regionalmyocardialperfusion at rest or
in response to either exercise or pharmacologicalinterven
tions is of major importance in the diagnosis or evaluation
of coronary artery disease.During the pastdecade,signif
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ventricular dysfunction related to idiopathic dilated cardio
myopathy were also studied using both invasive and non
invasive methods.

PATIENTSAND METHODS

Study Population
Ischemic Patientr. Eight patients (age = 53 Â±7 yr) with coro

nary arterydisease based on clinical history and coronary anglo
gramwere includedin the study. They hada significantstenosis of
theleftanteriordescendingartery(rangingfrom70%to90%).No
patient had prior myocardial infarctionbased on the absence of
clinical history and on ECO findings. All patients had normal
regionaland global angiographicleft ventricularejection fraction
based on both visual and quantitativeanalyses. The mean global
ejectionfractionwas 64% Â±7%. At the time of examination,all
patients were clinically stable and taldng atenohol(n = 6), dilt
iazem (n = 4), nhfedipine(n = 2) and nitrates (n = 8).

Patients Wâ€•uhIdiopathic Dilated Cardiomyopathy. Six patients
(age = 52 Â±11 yr) with at least one episode of acute congestive
heartfailurerelatedto an idiopathicdilatedcardiomyopathywere
included in the study. Those patients fulfilledthe following crite
na: symptoms of congestive heart failure, graded II to IV in the
functionalclassificationof the New York Heart Association,for
more than 6 mo; radionucide left ventricular ejection fraction
lower than 40% (mean = 22% Â±7%); and sinus rhythm. 1db
pathic cardiomyopathy was considered present when the coro
nary arteriogram did not show any significant stenosis (no nar
rowing greaterthan 50%of the lumen artery)and when no other
recognized etiology was evident.

At least 1 wk priorto enteringthe study, all patientswere
clinicallystablewithdiureticsandangbotensin-convertingenzyme
inhibitors.

ControlPatientr. Patientswho underwentcoronaryangiogra
phyforatypicalchestpainandwho hadangiographicallynormal
coronary arteries were studied to obtain reference high values for
coronary reserve. Six subjects (age = 51 Â±5 yr) with a intracor
onaiy Doppler coronary reserve >3 were included in the present
study.Thesesubjectshadnocardiachypertrophyandweretaking
no medication.

Study PrOtOCOl
The Dopplerstudywas performedone day priorto the PET

study. No clinicalmodificationor therapy change occurred be
tween the PET and the intracoronaiy Doppler study. All patients
refrainedfromoral intakeof methylxanthines, includingcaffeine,
on thedayof thePETandDopplerstudiesso as notto diminish
effects of dipyridamole.The protocolwas approvedby the ethical
committee of the Henri Mondor University Hospital and each
patient gave informedconsent.

Intracomna,y Doppler Measuirment of Myocardial Blood
Flow. After completing the diagnostic catheterization, an addi
tional 5,000 units of heparinwere given intravenously, and a 8Fr
guiding catheter was positioned into the main left coronary artery.
A 3FrDopplercatheter(NuVel,Nu MedInc.,Fridhey,MN)with
a 20-MHzside-mountedcrystalwas advancedthroughthe guiding
catheter into the proximal segment of the LAD remote to any
largebranch.TheDopplersignalwastransmittedtoavelocimeter
(MDV20,MillarInstrumentsInc.,Houston,TX)andrecordedon
a GouldES 1000recorder(GouhdInc., Ballainvillier,France).The
positionof thecatheterandtherangeof thesamphevolumewere
adjustedto obtain a high-qualitysignal as assessed by both audio
and graphiccontrols and neitherwere changed thereafter.

No nitratewas injectedthroughthe guidingcatheterpriorto the
Doppler assessment of vasodilator reserve in order to ensure that
thePETmeasurementof coronaryreservecouldbe performedin
similar conditions. Dipyridamole (0.80 mg/kg) was infused intra
venously by an infusion pump at a rate of 10 mg/mm. Coronary
blood flow velocities were continuously recorded during the 10
rain following the end of dipyridamole infusion. The coronary
reserve value was calculatedas meanvelocity measuredbetween
5 and10mmdividedbyrestvelocity.

After completing coronary reserve measurement, we per
formed coronary angiogram to evaluate the effect of dipyridamole
on coronaryarterydiameter.A quantitativeanalysisof coronary
diameterwas used(TSIsystem,Maine-la-VallÃ©e,France).Elec
trocardiogramand mean arterial pressure (through the guiding
catheter)were monitoredcontinuously.

Pet Imaging
DataAcquisition. Subjects were positioned in the TTVO3 time

of-ifightPET scanner (LET!, CEA, Grenoble, France). This in
strument allows acquisition of seven cross-sectional images, 12
mm apart, with a 7-mm in-plane resolution on a reconstructed
image using a modified Hanning window function. The axial res
olution is 9 mm for a direct plane and 7 mm for a cross plane (6).
Transmission scans were obtained with a retractable @Gering
source and used for subsequent attenuation correction of the
emissionscans. The electrocardiogramwas monitoredcontinu
ously duringthe examinationas well as 30 mm before and 60 mm
afterthe PETscan. Bloodpressurewasmeasuredbeforeinjection
and every 2 mm during the entire examination. To check the
positioning of the heart in the center of the field of view, a 5-mm
rectilinear transmission scan was recorded prior to examination.
Correct positioning was maintained throughout the study by use
of laser beams and skin marksplaced on the subject's torso.

MBF experiments consisted of intravenous bolus injections of
H2150(0.30 mCi/kg).The experimentalprotocolincludedtwo
injectionswitha 20-mmdelayto allowfor â€˜@Odecayatbaseline
conditions and 4â€”6mm after intravenous injection of dipyri
damole(0.80mg/kg,at a rateof 10mg/mm).Datawereacquired
in the list mode during the 5 mba following the arrival of the blood
radioactivity in the left ventricular cavity. A dynamic series of
images (15 x 4 sec, 18 x 10 sec) was reconstructed using a
backprojection algorithm and a 0.5 mm' cat-off frequency mod
ified Hanning filter. Images were corrected for attenuation, ran
dom events, deadtimelosses andscatteredradiationsas described
elsewhere(6,7). The deadtimelosses were less than 10%for all
studies. The same attenuation coefficients were used for both
emission datasets.

After they completed the MBF experiments, patients under
went a 18F-FDGPET study. Patientswere given a 100-gglucose
load orally 60 min prior to FDG imaging. After the intravenous
injectionof 0.1 mCi/kgof FDG, data were acquired in list mode
during60 mm. A 20-rainstatic image recorded40 mm after injec
tion was used to define myocardialROIs. This image was recon
structed using the same reconstruction procedure as described for
the â€˜50-waterstudy.

PET Data Analysis. ROIs encompassing the anterior, septal
and lateral myocardial wall were manually drawn on 2â€”4consec
utive slices of the FDG image(Fig. 1). Another ROl was drawnin
theleftventricularcavity(LVC)oftheFDGPETsliceallowingits
best visualization. An H2150time-activitycurve was generatedin
each myocardial ROl. Using the LVC time-activity curve as an
inputfunction(8,9), a standardmodel(10) with a single-tissue
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with dilated cardiomyopathy had a decreased coronary
reserve: 1.80 Â±0.58 and 2.37 Â±0.53, respectively (p <
0.001 and p = 0.001 versus controls, respectively).

PET Measurementof Coronary Reserve
Figure 1 shows an example of a FDG image on which

myocardial and left ventricular cavity ROIs have been
manually drawn Figure 2 depicts a typical example of
H2150time-activity curve obtained in an anteriormyocar
dial ROl with the correspondingfitting analysis.

In patients with normal coronary angiogram, the mean
coronary reserve evaluated by PET in the anteroseptal
myocardium was 3.99 Â±0.67. Patients with LAD stenosis
and patients with dilated cardiomyopathy had a decreased
coronaryreserve: 1.83 Â±0.59 and2.30 Â±0.55, respectively
(p < 0.001 and p = 0.001 versus controls, respectively).
Individual rest and peak values of MBF are shown in Table
1. The value given for each ROl is the mean value of the
correspondingROIs of the differentFDG slices. Individual
values of coronary reserve measured on both anteriorand
septal walls are also given in Table 1. In patients with
idiopathic dilated cardiomyopathy, a concordant decrease
in coronary reserve was found in the differentmyocardial
regions. In patients with LAD stenosis, the coronary re
serve measuredin the lateralwall was significantlyreduced
when compared to that measured in the lateral wall in
controls (2.78 Â±0.32 and 4.22 Â±1.04, respectively, p =
0.003).

Comparison Between the Two Teehnlques
For the globalpopulation(n = 20), results obtainedusing

the two methods were correlated (r = 0.98, p@ 0.001, Fig.
3). Coronaryreserve measured by PET was closely corre
latedto thatmeasuredby intracoronaryDoppler in patients
with LAD arterystenosis (r = 0.94, p < 0.001), in patients
with dilated cardiomyopathy (r = 0.95, p = 0.03), and in
controls (r = 0.93, p = 0.006).

DISCUSSION

The comparison with intracoronaryDoppler technique
shows that PET imaging with H2150 is an accurate and
reliable means to measure coronary reserve.

Underlying the coronary reserve concept (11) is the
phenomenon of autoregulation(12). If ventricularwork is
kept constant while coronary perfusing pressure is
changed, coronary blood flow tends to remain constant
over a wide range of pressures through adaptationof vas
cular tone. However, if coronary vessels are maximally
dilated by pharmacologicalagents, regulation is lost lead
ing to an almost linearpressure-flowrelationship(12). The
difference between autoregulated and maximally vasodi
lated flows represents the coronary reserve and indicates
the amount of added flow that can be obtained at a given
pressure when the vessels are dilated. It is not clear
whether absolute coronary blood flow or coronary reserve
is more important. If maximal exercise demands a fourfold
increase in blood flow to permit the ventricle to function
normally under stress, then the coronary flow reserve may

ISCHEMIC PATIENT

@L@ .H . F.Jâ€”ORSAY

FDG injection in an ischemic patient This FDG imagewas utilized to
draw leftventricularand myocardlal ROls which were used for sub
sequentanalysisof H2150data.

compartment and three parameters (K1, k2and a spillover fraction
@ wasfittedtothePETdatabyminimizingaweightedleast

square criterion. In our implementationMBF was estimated as
the blood-to-tissue transferrateconstant K1(10). The Marquardt
type optimizer was always provided with the same parameter
initialvalues:K1 = 1.0 ml/min/cc,k2 = 1.0/mm,f@,= 0.20. Re
gional coronary reserve was estimated for each myocardial ROl
as the peak (dipyridamole)to baseline K1ratiO.The PETcoronary
reserve measured in an ROl encompassing the anterior and the

septalmyocardiumwas used for the comparisonwith Doppler
technique.

Statistical Analysis
All parameters were expressed as mean values Â±s.d. Param

eters were compared using paired or unpairedStudent's t-tests
when appropriate. A correlation coefficient, assuming a linear
regression,was calculatedforpairedvariables.Statisticalsignifi
cance levelwas set to 0.05.

RESULTS
Systemic Effects of DIpyrIdamOIO

Meanvalues of blood pressure and heartrate at baseline
were not statistically differentat the time of both the PET
and Doppler examinations.

After dipyridamole infusion, no signfficant change in
mean arterial blood pressure occurred during either the
Doppler study (95 Â±12versus 92 Â±15 mmHg at baseline)
or the PET study (92 Â±17 versus 90 Â±19 mmHg at
baseline). Heart rate increased significantly during these
two examinations. The maximal increase in heart rate was
similar for the Doppler and PET studies. Heart rate in
creased from 80 Â±15 to 105 Â±22 (p < 0.01) during the
Doppler study and from 76 Â±12 to 104 Â±20 (p < 0.01)
during the PET study.

Doppler Assessment of Coronary Reserve
No significant change in coronary artery diameter oc

curred after dipyridamole infusion (3.1 Â±0.22 versus 3.21
Â±0.25 mm at baseline). Individual measurements of coro
nary reserve are listed in Table 1. In control patients with
normal coronary angiogram, the mean coronary reserve
was 4. 13 Â±0.77. Patients with LAD stenosis and patients
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PETmyocardlaibloodflowmeasurements(mi/mm/mi)CoronaryreserveRestDipyridamolePETDopplerNo

Ant SeptLatMeanAntSeptLat Mean Anteroseptal

TABLE 1
IndMdualMeasurementsof CoronaryReserve

Group I : Controls
0.730.800.680.804.013.563.833.804.975.3020.970.980.930.963.944.894.734.514.524.8031.041.070.991.034.154.244.444.273.974.1040.790.860.750.802.873.582.913.123.903.505o.88o.m0.870.842.982.862.852.903.523.7060.830.770.780.792.502.482.292.423.1

13.40

Mean Â±s.d. 0.87 Â±0.11 0.88 Â±0.120.83 Â±0.120.87 Â±0.103.41 Â±0.703.60 Â±0.883.51 Â±0.973.50 Â±0.823.99 Â±0.674.13 Â±0.77Group
2:LADstenosis1

0.820.720.720.751.681.451.931.692.032.102
0.910.900.860.880.981.171.901.351.191.203
0.81 0.771 .010.862.081.942.882.32.542.204
0.910.950.680.851.171.061.911.381.201.405
0.640.510.650.600.840.801.781.141.441.506
0.95 0.710.820.821 .941.472.602.002.062.007
0.430.970.800.730.801.092.061.321.481.208
1.030.891.101.002.732.513.562.932.732.85MeanÂ±s.d

0.81 Â±0.190.80Â±0.150.83Â±0.160.81Â±0.121.52Â±0.es1.43Â±0.552.33Â±0.631.76Â±0.611.83Â±0.601.80Â±0.58Group
3: D@atedcardiomyopathy1

1.201.130.911.082.542.421.782.252.122.302
0.29 0.390.240.311 .001.160.810.993.203.203
0.150.300.170.210.300.590.390.431.982.004
0.670.770.880.771.001.301.231.181.591.705
0.82 0.890.930.812.071 .631 .561.752.442.706
1.20 1.361.141.233.163.273.433.292.512.30

MeanÂ±s.d. 0.72Â±0.44 0.77Â±0.41 0.71 Â±0.40 0.73Â±0.41 1.68Â±1.08 1.73Â±0.99 1.53Â±1.06 1.65Â±1.02 2.31 Â±0.51 2.37Â±0.53

Mt = anteriormycardialwall;sept= septalmyocardlalwafi;Lat= lateralmyocardialwal;Mteroseptal= anteroseptalmyocardlalwall;and
LAD= leftanteriordescendingartey.

be the most importantparameterto assess. The Doppler
technique assesses changes in blood velocity that are well
correlated to changes in coronary blood flow (12â€”14).The
advantage of PET is its ability to determine absolute values
of regionalpeak and restingMBF. Absolute flow measure
ments permit a direct evaluation of MBF reserve that re
fleets the ability ofvasculature to increase flow maximally
in response to a hyperhemic stimulus. Regional measure
ment of MBF may detect heterogeneous impairments of
coronary circulation. Such regionalalterationsof coronary
reserve occur in ischemic cardiomyopathy but have also
been shown in hypertrophic cardiomyopathy (15). In the
present study, patientswith left anteriordescending artery
stenosis had a diminished coronary reserve in the an
teroseptal wall, while an unexpected decrease in coronary
reserve was found in the lateral wall, although this region
was perfused by an artery showing no lesion on the coro
nary angiogram. This finding is consistent with previous
reports (4,16).

PET with H2150 allows a noninvasive approach to flow
reserve. The accuracy of this method to measure absolute
MBF over a wide rangeofvalues has been validated in the
dog using the microsphere technique. In humans, this ap

proachhas been successfully used to estimate alteredMBF
reserve in ischemic patients in comparison with normal
subjects (1,4), but PET has never been compared with an
invasive method for coronary reserve assessment. In the
present study, PET results were highly correlated to those
found by the Doppler technique both in controls and in
patients with LAD artery stenosis. Patients with normal
coronary angiogram and unaltered left ventricular function
who were selected in the control group could have been
different from actual normal subjects since they suffered
from atypical chest pain. To overcome this potential limb
tation and to verify the ability of the PET method for
measurement of high coronary reserve values, we arbi
trarily selected patients with a coronary reserve >3. In
those subjects, coronary reserve assessed by both tech
niques was about 4, consistent with previous invasive stud
ies reporting normal values of coronary reserve ranging
from 3.8 to 7 (1217,18) and with previous PET studies
reportingnormalvalues of coronaryreserve rangingfrom4
to 5 (1,4,19,20). However, the use of H2'@0may be ham
pered by the poor signal to noise ratio, especially when
MBF is very low or when partial volume effect is in
creased. Thus, attempts to study acute ischemia by coro
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nary occlusion in dogs have failed due to poor count sta
tistics in ischemic tissue related to low blood flow, and to
altered left ventricular wall motion and thickening that
increases partial volume effect (1). In the present study,
patients with left ventricular dysfunction that increases
partial volume effect and leads to MBF underestimation,
had similar values of coronary reserve when using both
invasive and noninvasive techniques. This may be because
the potential error due to the partial volume effect was
similar for baseline and dipyridamole PET measurements
of MBF. Then, coronary reserve value would have been
unaltered by the partial volume effect because it corre
sponds to the ratio of peak-to-baseline MBF values.

Changes in hemodynamic conditions, independent of
changes in coronary vessel tone, directly influence coronary
reserve by altering resting or hyperhemic blood flow. In our
study, hemodynamic changes induced by dipyridamole infu
sion were similar during both the invasive and noninvasive
examinations. Dipyridamole was chosen since it has been
shown to be safe and effective when administered intrave
nously in routine examination of ischemic patients. The dose
used was higher than the one used in previous studies
(21,22), in order to increase the probability of obtaining a
maximal coronary vasodilatation (13,23).

The present implementation of the H2150 method for
MBF measurement differs from that of other groups in
several aspects. A bolus injection of the tracer is used
instead of an inhalation of â€˜50C02which permits a slow
delivery of H2150in the left atrium(4). The bolus injection
technique ensures good count statistics for the input func
tion measurement through an ROl positioned in the left
ventricular cavity. It also shortens the duration of the ac
quisition procedure. Conversely, a bolus injection may
cause deadtime loss problems. However, thanks to the
quality of our time-of-flightdetectors, these are very him

i2
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FiGURE2. Experimentaldata(solidpoints)ofa H21@0time
activitycurverecordedIn an anteriormyocardlalAOl. Usingleft
ventricularcavitytime-activitycurveas an inputfunction(dashed
line),a singletissuecompartmentmodel,Includingthreeparameters
(Ic, k2,andaSpiIIOVerfractIOnt,),wasfitted(solidline)tothesedata
by minimizinga welghtedleast-squarecriterionInorderto obtsin
myocardialbloodflow(perfusion),estimatedasthebloodtotissue
transferrateconstantK1.

FiGURE3. Re1atiOnSh@betweenPETandintrscoronaiyDop
piermeasurementsof coronaryreserve.Resultsobtainedusing
bothtechniqueswerewellcorrelatedforthethreegroupsofpatients
studied:patientswithnormalcoronaryarteriesonangiogramand
normalcardiacfunction(controls);ischemlcpatientswithLAD ste
nosis(LADpatients);patlentswtthlefiventriculardysfunctionrelated
toanIdiopathicdilatedcaictiomyopathy(DCM patients).

ited on our PET system (7). Furthermore, we used a ROl
drawn in the left ventricular cavity to estimate blood input
function, whereas others use the left atrium (1,4,5). Use of
the left atrium was proposed because it reduces the spill
over effect from the tissue to the blood cavity ROl. How
ever, it requiresgood axial sampling,which is not possible
on our PET system.

Recently, it has been shown that use of a left ventricular
ROl associated with an appropriatecorrection for spillover
effect included in the mathematicalmodel could lead to a
good estimation of the input function (9). No spillover
effect correction was used because our tomograph's good
transaxial resolution enables definition of a relatively small
ROl, minimizingthe spillover effect from the surrounding
myocardium while preserving good count statistics. Fi
na.lly, MBF was estimated as the blood-to-tissue transfer
rate and not as the tissue-to-blood transfer rate (1,3â€”5).
Both approaches have been recommended (10). Another
methodologic difference is the use of a FDC image to
directly delineate myocardial borders instead of indirectly
labelingblood volume with 15()(()â€¢Our approachensures
high quality myocardial images that facilitate the accurate
positioning of ROIs. This method may be suitable for the
evaluationof ischemic patients, which may requirethe use
of combined flow-metabolismstudy. The main limitationis
the risk of patient movement during the 2-hr FDG and
labeled water study. If patients move significantly during
acquisitions, backprojection of ROIs drawn on the FDG
image onto the H2150series of images could be impossible
and limit the use of this approach for routine clinical cx
aminations. However, the absence of significant patient
motion was checked in each case in this study by verifying
that ROIs drawn on the FDG images were adequately
projected onto the H215Oimages and by verifying that the
shape of the H2150time-activitycurves was correct. More
over, due to patient cooperation and careful checking of
positioning during acquisitions, we obtained results that
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of coronaiystenosesby myocardialperfusionimagingduringpharmaco
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Canliol1978;41:279â€”287.

23. Wilson RF, Wyche K, Christensen B, Zimmer S, Laxson DD. Effects of
adenosine on human coronaiy arterial circulation. Circulation 1990;82:
1595â€”1606.
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course of restoration of nutritive perfusion, myocardial oxygen-consump
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intracoronaryDoppler.
The possibility of noninvasively and accurately explor

ing coronary blood flow reserve has practical implications.
Measurement of coronary blood flow reserve can influence
diagnosis or clinical management in patients with coronary
obstructions in which the physiological significance of the
obstruction is in doubt. The opportunity to noninvasively
measure coronary blood flow reserve enables follow-up in
ischemic patients of the effect of medical therapy (24) and
major therapeutic interventions such as revascularization
procedures (19). Measurement of coronary flow reserve is
helpful to evaluate the effects of hypertrophy, valvular
disorders and dilated cardiomyopathy and may add to the
understanding of these affections.
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