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With Thallium-201 Single Photon
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Objectives. The usefulness of coronary flow reserve measurement in the left circumflex coronary artery
by transthoracic Doppler echocardiography to detect myocardial ischemia was compared with exercise
thallium-201 single photon emission computed tomographil SPECT[]

Methods. Transthoracic Doppler echocardiography was performed in 110 patients with suspected coro-
nary artery disease. Color Doppler signals of the left circumflex coronary artery flow in the apical four-
chamber view were identified, and the velocities at rest and during hyperemia recorded for calculation of
coronary flow reserve by the pulsed Doppler method. All patients underwent SPECT within 1 week of the
transthoracic Doppler echocardiographic study.

Results. Coronary flow reserve in the left circumflex coronary artery was measured in 78 72%(of 110
patients. SPECT revealed reversible perfusion defect in the left circumflex coronary artery territoriesin 12
of 69 patients excluding those with multivessel disease. Coronary flow reservel] 2.0 had a sensitivity of
92% and specificity of 96% for reversible perfusion defect detected by SPECT.

Conclusions. Noninvasive coronary flow reserve measurement in the left circumflex coronary artery by
transthoracic Doppler echocardiography can estimate myocardial ischemia in the left ventricular lateral

regions.
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INTRODUCTION

Noninvasive diagnosis of ischemic heart disease
at relatively low cost has recently become an
important clinical issue. Stress echocardiography is
widely used, but the limitation of this method is the
low sensitivity for the individual coronary arteries;
the sengitivity for detecting coronary artery disease
in the left circumflex coronary arteryl LCXOs low
compared with the other coronary arteries'”*". More
sensitive information on coronary flow abnormality
could be important for the noninvasive diagnosis of
coronary artery disease.

Coronary flow reservél CFRLOs an important
physiological index which reflects the severity of
coronary narrowing. CFR measurement previously
required invasive**", semi-invasive®or radioactive
exposure methods’®", subsequent clinical experi-
ence and improvements in transthoracic Doppler
echocardiographi/l TTDEhave allowed noninva-
sive examination as the choice for ischemic heart
disease®'®". However, the potential for identifying
ischemia of the LCX has never been investigated.

The present study evaluated the usefulness of
CFR measurement in the LCX by TTDE compared
with exercise thallium-200 #'TIkingle photon
emission computed tomographil SPECTO

SUBJECTSAND METHODS

Study population

This study included 110 consecutive patients 92
men, mean age 62+ 10 yearsCwith suspected
ischemic heart disease who were scheduled for
coronary angiography. Exclusion criteria were left
ventricular wall motion abnormality, left ventricu-
lar hypertrophy, cardiomyopathy, previous cardiac
surgery, atrial fibrillation, and significant valvular
heart disease. All patients continued administration
of anti-ischemic medicationl nitrates, beta blockers,
calcium antagonistsCand antiplatelet agentS aspirin
81 mglbn the day of the echocardiographic study.
We obtained informed consent from all participants
to the study protocol, which was approved by the
Committee for the Protection of Human Subjectsin
Research at Osaka City University Graduate School
of Medicine.

Coronary flow reserve measurement by
transthoracic Doppler echocardiography

We used a commercially available high-resolu-
tion ultrasound systemil ACUSON Sequoia 512,

___%.—__ Sample
volume

Apical four-chamber view

Fig. 1 Color Doppler imaging of the left circumflex
coronary artery in the apical four-chamber view
RV O right ventricle; LV O left ventricle; LAO left
atrium.

Siemens Medical Solutions USA, Inc.[lusing a
3V 2C probél 20 3MHz, Doppler frequency
2.0MHz For color flow mapping, the velocity
range was set at+ 12 tox 30cm/sec. The color
gain was adjusted to provide optimal images.
Doppler flow signals of the LCX were identified as
linear color signals persisting during diastole on the
base to mid portion of the left ventricular lateral
region in the apical four-chamber view as far as
possiblel Fig. 100 The mid to distal LCX in the left
ventricular lateral region ismost likely to be detect-
ed in the apical four-chamber view. Doppler spec-
tral tracings of the flow velocities were recorded by
fast Fourier transformation analysis with a sample
volume positioned on the most clearly visualized
color signals. Holding the transducer in the same
position as far as possible, the flow velocities were
recorded at rest and during hyperemia induced by
intravenous infusion of adenosine triphosphate
0 0.14mg/kg/minfor 2 min. Heart rate, blood pres-
sure and el ectrocardiographic monitoring were con-
tinuous throughout the test. All velocity recordings
were continuously recorded on half-inch S-VHS
videotape and stopped frames were also stored digi-
tally on magneto-optical disks 540MB[for subse-
quent off-line analysis.

CFR was calculated as the ratio of hyperemic to
basal mean diastolic flow velocities which were
obtained off-line by contouring the spectral
Doppler signals at baseline and at peak hyperemic
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conditions using analysis software incorporated in
the ultrasound system. Each measurement was
averaged over three consecutive cardiac cycles.
Each study was analyzed by two experienced oper-
ators who were unaware of the patient’ s data.
Normal CFR was defined asg 2.0 on the basis of
the results of previous studies which had evaluated
flow velocities in the distal |eft anterior descending
artery>™-,

Echocar diographic contrast enhancement

Echocardiographic contrast ageni] Levovist,
ScheringOwas administered to obtain spectral
Doppler signals in the event of unsuccessful visual-
ization or unclear recording of the flow spectrum.
On the basis of a previous study™®, the echocardio-
graphic contrast agent was administered intra-
venously at 300mg/ml by intravenous infusion of
7ml a 1ml/min, using an infusion pump. The infu-
sion rate was adjusted in the range of 2.0 to
0.5ml/min according to the quality and entity of the
Doppler signal enhancement achieved.

Exercise thallium-201 SPECT

SPECT was performed within 1 week of the
CFR studies. All patients performed symptom-lim-
ited exercise on a bicycle ergometer in the sitting
position. Nitrates, beta blockers and calcium chan-
nel blockers were withheld on the morning of the
test. Twelve-lead electrocardiography and blood
pressure measurements were obtained at baseline
and every minute during exercise. The initial work
load was 50W, which was increased by 25W every
2min until the end point was reached, marked by
excessive fatigue, dyspnea, dizziness, angina,
hypotension, diagnostic ST segment depression

0 O 1.5mm horizontal or downsloping or 0 2.0mm
upslopingCor significant arrhythmia. At peak exer-
cise, adose of 111MBq of 'Tl was injected intra-
venously. Theinitial images were obtained immedi-
ately after the termination of exercise, and delayed
images were obtained 4 hr |ater.

SPECT was performed using a single-head
gamma scintillation camera equipped with a low
energy, all-purpose, parallel-hole collimator.
Thirty-two equidistant projections were acquired
over 180° from the right anterior oblique to left
posterior oblique view at 25 sec/projection.

The lateral including posterior segments on the
SPECT images were considered to be the LCX ter-
ritories. The SPECT images were anayzed individ-
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ually by two experienced nuclear physicians who
had no knowledge of the angiographic or echocar-
diographic data. Disagreements in interpretation
were resolved by consensus of the two physicians.
The patients were considered to have myocardial
ischemia if 2Tl SPECT revealed perfusion defects
with redistribution on delayed imaging.

Coronary angiogr aphy

Coronary angiography was performed in all
patients by using standard techniques within 1
week of the CFR studies. Angiographic data were
subsequently analyzed by an experienced investiga-
tor who had no knowledge of the patient’ s data.
The severity of coronary stenosis was visually
determined and expressed as the percentage lumen
diameter stenosis. Stenosis was considered signifi-
cant if there was[d 75% diameter stenosis in at
least one projection. Electrical calipers were used
when necessary.

Doppler guidewire study
In a subgroup of 14 randomly selected patients,
coronary flow velocity measurements were
obtained within 10 min after the administration of
intracoronary nitroglycerin after routine diagnostic
angiography simultaneously with Doppler record-
ing of the coronary flow velocity in the LCX terri-
tories by TTDE. All patients received an additional
2,0001U bolus of intravenous heparin. A 0.014-
inchl 0.36 mm[Doppler-tipped angioplasty guide
wirel FlowWire, Cardiometrics Inc.Cvas inserted
into the distal LCX. After satisfactory baseline flow
velocity signals were obtained, hyperemic flow
velocity data were continuously acquired during
continous administration of adenosine triphosphate
0 0.14mg/kg/minCintravenously. The mean CFR
was calculated as the ratio of hyperemic to basa
mean coronary flow velocities. All studies were
recorded on 0.5-inch S-VHS videotape for subse-
guent off-line analysis.

Statistical analysis

On the basis of the *'TI SPECT data for the
LCX territories, the patients were classified into
Group Al abnormal perfusionCand Group Bl nor-
mal perfusion] Parametric data were presented as
the mean valuetx SD. Categorical variables were
compared using the Fisher exact test.
Echocardiographic and hemodynamic variables
during adenosine infusion in Groups A and B were
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evaluated by two-way repeated measures anaysis
of variancel ANOVAL; testing for group effect,
adenosine effect, and interaction. The Fisher pro-
tected least-significant difference test was used for
post-hoc testing. Mean CFR values for Groups A
and B were compared by the unpaired t-test. p

0.05 was considered significant. The sensitivity,
specificity, positive predictive value and negative
predictive value of CFR were calculated in the con-
ventional way, as a predictor of abnormal perfusion
on the ?°’T| SPECT image. Interobserver and
intraobserver variabilities were assessed for CFR
measurements in eight randomly selected patients.
Interobserver variability was calculated as the SD
of the differences between the measurements of
two independent observers unaware of the patient’ s
data and expressed as a percentage of the average
value. Intraobserver variability was calculated as
the SD of the differences between the first and sec-
ond determinations, 15min apart, for a single
observer and expressed as a percentage of the aver-
age value. Linear regression analysis was used to
compare TTDE with the Doppler guide wire
method for the assessment of CFR, and an analysis
of the differences of the measurements between
TTDE and Doppler guide wire was performed
according to the technique of Bland and Altman.

RESULTS

Adequate spectral Doppler recordings of the
LCX were obtained in 79 of 110 patients 72%[1 To
test the accuracy of CFR measurement by TTDE
compared with the results of SPECT in patients
with single-vessel disease, we excluded 10 of the
79 patients with multivessel disease according to
angiographic findings, because the sensitivity of
SPECT for diagnosis of multivessel disease is
low"3*", Therefore, the remaining 69 patients com-
prised the study group. No significant difference in
age or sex were found between Groups A and B

O Table 100 The results of the two-way repeated
measures ANOVA for group and adenosine effect
are summarized in Table 2.

Thallium-201 SPECT

All patientsin this study performed exercise tests
until the end points were reached. Twelve of the 69
patients qualitatively exhibited abnormal perfusion
in the LCX territories on Tl SPECT and were
classified as Group A. The remainder of the
patientd n0 57Chad no abnormal perfusion in the

Table 10 Comparison of clinical datain GroupsA and B

Group A0 Group BO

On01200 0n0smo PYase
Ag8 year(l [ 64+ 8 0 60+ 100 NSO
Sexd M/FOI O 107201 53/40] NSO
SBE mmHg 0 0 0 0
Basdlinel] 129+ 15 0 126+ 13 0 NS
Hyperemiall 126+ 16 0 120+ 15 0 NSO
DB mmHgl [ D5 O 0
Basdlinel] 7380 73100 NSO
Hyperemial 70+ 8 0 70+ 110 NSO
HR! beats/minC] 01 0 0 0
Basdlinel] 70+ 140 68+ 120 NSO
Hyperemia 73t 13 72+ 12 NS

Continuous values are meant SD.[J

Group A : with abnormal perfusion. Group B: with normal
perfusion.(]

MO mae; FO femae; SBPO systolic blood pressure; DBPO
diastolic blood pressure; HRO heart rate.

Table2 Results of two-way repeated measures

analysis
GroupO Adenosinel] Interactiond
Opvaued O Opvaued O Opvaued O
SBPO 0.530 0 0.010 0.340
DBPO 0.190 0 0.010 0.990
HRO 0.570 0 o0.010 0.670
MDV 0o.01 0o.01 0o.01

MDV [ mean diastolic velocity. Other abbreviations asin Table
1 O

LCX territories and were classified as Group B;
normal perfusionl n 27C0n all regions or abnor-
mal perfusion in the other regiond n0 301 The
peak heart rate and rate-pressure product were simi-
lar in Groups A and B for al exercise tests.

Hemodynamic data
No patient developed serious adverse effects,
such as angina, atrioventricular block, nausea,
flushing or palpitations, during the administration
of adenosine triphosphate. Two-way repeated mea-
sured ANOVA showed no significant differences or
interaction in terms of heart rate, systolic blood
pressure and diastolic blood pressure between
Groups A and B during administration of adenosine
0 Tables 1 and 21
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Fig. 2 Regressionl lefttand differencel rightCplots comparing coronary flow reserve measured by the
transthoracic Doppler echocar diography and Doppler guide wire methods
CFRO coronary flow reserve; TTDEO transthoracic Doppler echocardiography.

Coronary angiography

Coronary angiography demonstrated significant
coronary stenosis in the LCX in 11 patients of
Group A and in four patients of Group B. There
were discrepancies between coronary angiography
findings, SPECT findings and CFR measurement
by TTDE in one patient of Group A and in four
patients of Group B. In the patient of Group A with
CFRO 2.0, coronary angiography revealed no sig-
nificant stenosis in the LCX, in which the left ven-
tricular lateral segments were perfused by the right
coronary artery with significant stenosis. In Group
B, two patients had CFRO 2 that reflected coro-
nary narrowing in a small branch of the postero-lat-
era coronary artery, and two patients had CFRO 2
even with significant stenosis on coronary angiog-

raphy.

Comparison with Doppler guide wire study
CFR obtained from TTDE was highly correlated
with that from Doppler guide wire measurements
Or0 0.92, yO 1.19x0 0.29, SEEO 0.22; Fig. 20
The mean difference between these methods was
0.10+ 0.22 for CFR measurements.

Coronary flow reserve measured by transtho-
racic Doppler echocardiography versus thalli-
um-201 SPECT

An increase in coronary flow velocity was
observed in al patients within 1 min of the start of
adenosine infusion. The contour of flow velocity
remained stable throughout the infusion period and
returned to the baseline rapidly after cessation of
adenosine infusion. There was no significant differ-
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Table3 Coronary flow velocity and reservein Groups

A and B
Group A Group B p value
MDV] ecm/sec O a 0 0
Baselined 202+ 39 0 20.0+ 49 0 NSO
Hyperemial] 32.6+ 9.1 O 56.0+ 13.90 [ 0.010
CFR 1.6+ 0.5 2.9+ 0.6 0o.01

Vauesare meant SD.OJ
Explanation of the groups and abbreviations as in Tables 1, 2,
Fig. 2.

ence between Groups A and B in coronary flow
velocity measurements at baselinél Table 301
However, mean diastolic flow velocities increased
significantly during hyperemiain Group B, as com-
pared with those in Group Al p 0.01; Fig. 30
Two-way ANOVA showed a significant group
effect and interaction in mean diastolic flow veloci-
ties during hyperemi&l Table 2[1 Thus, mean CFR
measured by TTDE demonstrated significant differ-
ences between Groups A and Bl mean CFR 1.6 vs
2.9, respectively; pOd 0.0100
Only one patient in Group A had mean CFRH

2.0, whereas two patients in Group B had mean
CFRO 2.01 Fig. 400 Mean CFRO 2.0 predicted a
reversible perfusion defect in the LCX territories,
with sensitivity of 92%, specificity of 96%, positive
predictive value of 85% and negative predictive
value of 98%.

Observer variability
Interobserver and intraobserver variabilities for
measurement of Doppler velocity recording were
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Group A CFRO 2 by TTDEO

Baseline

Group BO CFRE2.2 by TTDED

Hyperemia

Baseline

Hyperemia

Fig. 3 Spectral Doppler signalsat the baseling left columnCand during hyperemié right columnlin a
patient of Group A with abnormal myocardial perfusion in the left circumflex artery territo-
riesl upper rowland in a patient of Group B with normal perfusion in the left circumflex

artery territories lower row(]

Explanation of the groups and abbreviations asin Table 1, Fig. 2.

CFR<2.0CFR22.0
Group A 11 1 12
Group B 2 55 57
13 56 69

Fig. 4 Plot showing good correlation between coronary
flow reserve measurements and the results of
thallium-201 single photon emission computed
tomogr aphy
There was overall agreement in 66 96%[of 69 patients.
Explanation of the groups and abbreviation as in Table
1, Fig. 2.

5.3% and 4.4%, respectively.

DISCUSSION

The accuracy of CFR measurement on the LCX
by TTDE was compared to the results of 2Tl
SPECT. CFRO 2.0 was found to be associated
with perfusion abnormality in the LCX territories
by 2'T| SPECT.

Coronary flow reserve measurement in the left
circumflex coronary artery

CFR is an important diagnostic parameter for
functional coronary artery stenosis>*%7 170,
Previously, the measurement of this parameter
needed the invasive Doppler guide wire or Doppler
catheter**", semi-invasive transesophageal echocar-
diography®-, or positron emission tomography’®".
However, CFR measurement has now become non-
invasive, because recent technological advances in
TTDE can obtain this parameter noninvasively®*",
In the left anterior descending artery territories,
CFR measurement has been proven to provide data
equivalent to the results of *°'T| SPECT™".
However, the potential in detecting coronary artery
disease in the LCX remained unclear. Thus, we
investigated whether this technique is suitable for
diagnosis of ischemia in the LCX. We found CFR
measurement by TTDE in the LCX also provides
data equivalent to the result of 2T SPECT.

The success in detecting CFR in the LCX
depends on the following factors. First, use of alow
frequency transducer, not a high frequency trans-

J Cardiol 2004 Mar; 48] 301 109-116
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ducer, in contrast to left anterior descending artery
flow measurements. The color Doppler signals in
the LCX are located in the far field in the apical
four-chamber view, so it is often difficult to obtain
good echocardiographic images using a high fre-
guency transducer. Second, echo contrast agent was
administered intravenously to enhance Doppler sig-
nals in patients with low signal to noise ratio.
Without contrast agent, the feasibility of CFR mea-
surement in the LCX will be reduced.

Utility of coronary flow reserve measurement by
transthoracic Doppler echocar diography

Stress echocardiography evaluates myocardial
ischemia by detecting wall motion abnormalities,
and is used most frequently in the clinical setting as
a noninvasive, simple and relatively low cost test
for angina pectoris. Although this test achieved suf-
ficient accuracy to detect myocardia ischemia in
patients with multivessel disease, the accuracy for
ischemia in each region is not sufficiently high;
and the sensitivity for ischemiain the LCX territo-
ries is the lowest compared with other regions™ 3.
Use of CFR measurement in the LCX by TTDE
with contrast agent could overcome the limitation
of stress echocardiography.

oobooooood

gooboobDoDoe2wnboswtonoon

ogno

J Cardiol 2004 Mar; 48] 301 109-116

goooo

oo ooooobbooooooooooooon
godooboooobo:bogo-201000boboboooooooooooo
uobooboaooboooobboooboboaon oo O
obobooooboobobobD bo oboboobooo
oob:000000000bbod0oo0ooboobobo0ooo0oobobo0oooooobooOoooag

gobooo-21000000000000000000O0O00O00DOCO0OO
goo0:00001o000000000000b000O000bO000O0b0O00b00ooOb0ODnn

gobooobooooooooOoboOooboocOoobooOooooOooOoOoOOoOoOobOboOoobooOoa
gbobooooboooobooobOOooobOooobOooobOoOooOobOOoOobOOoOobobOOoOoono

gobo:1o000ovm2oidbooobooooooboooboooobooooboonn
gbobooooooooooboooboooeb12z0b00b0nOOoOoOooOoOooooooboOononon
gbobozoOoooOoobDoOoooboooooooobOoobooooooooobooooobooboooon

gob:gbbdoobbooobooobboobboobboobobooobbooboboo

J Cardiol 2004 Mar; 48 3[1 1090 116

Limitations

First, the number of patients included in this
study is small. Actually, there were only 12 patients
with abnormal perfusion in the LCX territories. A
larger number of patients should be included in
future studies. Second, compared with the success
rate of CFR measurement by TTDE in the |eft ante-
rior descending artery, the feasibility of this tech-
nique was not sufficiently high even with contrast
agent. In addition to the distance between signals
and the echo probe, artifacts from the lung could
affect coronary flow recordings on the LCX. More
technical progressin TTDE is needed. Finaly, two
patients of Group B showed normal perfusion in
the LCX territory on **T| SPECT, although coro-
nary angiography demonstrated significant stenosis
in the LCX. This may be one of the limitations of
this study. Even with these limitations, the sensitiv-
ity and specificity in detection of myocardial
ischemia in the left ventricular lateral regions is
sufficiently high for use in daily clinical practice.

CONCLUSIONS

Noninvasive CFR measurement in the LCX by
TTDE can estimate myocardial ischemia in the left
ventricular lateral regions.
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