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Noninvasive Doppler echocardiographic assessment of left
anterior descending coronary artery stenosis from flow
velocity changes during dobutamine infusion :

comparison with dipyridamole infusion
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SUMMARY

To determine the feasibility of obtaining coronary flow measurements using
transthoracic color Doppler echocardiography during dobutamine infusion, and
to compare it with dipyridamole infusion, 58 patients underwent transthoracic
color Doppler echocardiography. Coronary flow velocities in the mid-portion of
left anterior descending artery (LAD) were recorded at the basal state and during
dobutamine infusion (5-40 ug/kg/min) and during dipyridamole infusion (0.56
mg/kg). Coronary flow velocity ratio (CFVR) were calculated as the ratio of
hyperemic mean diastolic flow velocity (MDV) to basal MDV. The detection rate
for LAD flow in the dobutamine study was significantly smaller than that in the
dipyridamole study (75.8 vs 89.4%). Coronary flow velocity of LAD clearly
increased during dobutamine and dipyridamole infusion in patients without signi-
ficant stenosis in LAD (n=21), whereas their increases were trivial in patients
with significant stenosis (n=23). There were significant differences in CFVR be--
tween patients with and without significant coronary stenosis for either dobutamine
or dipyridamole (P<{0.0001). There was no significant difference in the sensitivity
and specificity of CFVR for the presence of significant LAD stenosis among the
groups receiving dipyridamole, dobutamine with 20 or dobutamine with 40 ug/
kg/min. To predict the presence of significant LAD stenosis, 20 ug/kg/min
of dobutamine is sufficient.
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I. Introduction

Recent technological advance in color Dop-
pler echocardiography may provide a high
success rate in measuring coronary flow velo-
city and noninvasive coronary flow velocity
ratio (CFVR) assessment. It was reported
that CFVR determined by transthoracic color
Doppler echocardiography was useful in the
noninvasive assessment of significant stenosis
in left anterior descending artery (LAD)[1].
But LAD flow was only detectable by transt-
horacic color Doppler echocardiography, while
the flow in left circumflex artery (LCX)
and right coronary artery (RCA) could not
be studied. It was necessary to detect wall
motion abnormalities during pharmacological
stress echocardiography for the diagnosis of
significant stenosis in LCX and RCA.

Pharmacological stress echocardiography
is playing an increasingly important role in
the noninvasive diagnosis of coronary artery
disease. In earlier reports, both dobutamine
and dipyridamole stress echocardiography
procedures have shown high sensitivity and
specificity for the diagnosis of coronary
artery disease. Dipyridamole stress echocar-
diography showed a greater accuracy for the
diagnosis of multivessel disease, but a lower
sensitivity for the detection of single vessel
disease compared with dobutamine stress
echocardiography [2-5]. Because of the higher
sensitivity of new wall motion abnormality,
dobutamine may prove superior to dipyrida-
mole for detecting stenosis of the two vessels
other than LAD.

During dobutamine stress echocardiography,
not only wall motion assessment, but measu-

rement of LAD flow velocity is also available

by transthoracic color Doppler echocardio- °

graphy. This combined method may be more
sensitive for detecting coronary artery disease.
However, the magnitude of coronary flow

velocity increase induced by dobutamine infu-
sion is unknown. Neither is it known whether
assessment of CFVR by transthoracic color
Doppler echocardiography during dobutamine
infusion is as useful in the noninvasive as-
sessment of. significant stenosis in the LAD
as dipyridamole.

The purposes of this study were to com-
pare the feasibility of obtaining coronary
flow measurements by transthoracic color
Doppler echocardiography and the sensitivity
and specificity for LAD stenosis during dipy-
ridamole infusion and dubutamine infusion.
Furthermore, this study attempted to deter-
mine the minimum dose of dobutamine needed
to predict significant LAD stenosis.

II. Methods

Study Patients

We prospectively examined 58 consecutive
patients (49 men, 9 women; mean age, 64+
9 years, range 41 to 77) undergoing coronary
purposes. All

angiography for diagnostic

- patients underwent Doppler echocardiographic

studies within 7 days after coronary angio-
graphy. Patients were prospectively classified
into two groups on the basis of LAD stenosis
severity : 21 patients had a proximal LAD
lumen diameter stenosis > 70% (group A)
and 23 had a proximal LAD lumen diameter
stenosis < 70% (group B). LAD stenosis
ranged from 71% to 95% (mean 83.0%5.6%)
in group A, and 0% to 68% (mean 44.6=*
16.9%) in group B. Five patients had double
vessel disease and 1 patient had triple vessel
disease in group A, 3 patients had single
vessel disease in group B. No patients had a
spastic coronary artery, a long and tandem
lesion, a diffuse stenosis, collateral flow to
the stenosed artery, or evidence of thrombus.
Patients with unstable angina, recent and old
myocardial infarction, decompensated conges-
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tive heart failure, atrial fibrillation, previous
coronary bypass surgery, systemic hyperten-
sion, anemia (hemoglobin level <{10.0 g/dl)
were not enrolled. None had evidence of left
ventricular hypertrophy (septal or posterior
wall thickness >11mm) on echocardiographic
examination. Antianginal medication was
discontinued a minimum of 8 hours before
the Doppler echocardiographic study. Only
2 patients were receiving a long-acting beta-
adrenergic blocking agenf. All patients gave

informed consent to the protocol.

Doppler Echocardiographic Studies
Echocardiographic examinations were perfor-
med with a Toshiba SSA-380A digital ultra-
sound system with the center frequency of 5
MHz (Doppler frequency ; 5 MHz). In the
measurement of LAD flow by color Doppler,
the ultrasound beam was directed toward the
heart from the left precordum through the
third, fourth, and fifth intercostal spaces of
the patient with lateral decubitus position.
First, the left ventricle was imaged in long-
axis echocardiographic sections and then the
beam was inclined laterally to identify the
anterior interventricular sulcus. Under color
Doppler monitoring, the area of the anterior
interventricular sulcus was carefully searched
to identify a tubular structure (about 2 mm
in diameter for the mid-portion of the LAD)
containing characteristic Doppler flow signals.
Its shape and position were then confirmed
by the short-axis echocardiographic sections.
The long-axis section was carefully adjusted
to minimize the angle of incidence between
the ultrasound beam and the longitudinal
axis of LAD. When a diastolic circular color-
coded blood flow was recognized, PW Doppler
recording was attempted with the sample
volume (2.0mm wide) positioning in diastole.
The angle between color flow and ultrasound

beam was corrected using the software pac-

Doppler flow signal in the left ante-
rior descending artery. The long-axis
echocardiographic section (left upper
panel) and short-axis section (right
upper panel). Placement of sample
volume in the distal LAD (left lower.
panel) for the measurements coronary
flow velocity in the LAD(right lower
panel) in pulse Doppler flowmetry. .

kage included in the ultrasound unit. Doppler
of the LAD flow showed a characteristic
biphasic flow pattern with a larger diastolic
component and a small systolic one (Fig.
1). Generally, it was difficult to trace the
LAD lumen continuously throughout a cardiac
cycle on the same echocardiographic sections
because the coronary artery moves constantly.
Therefore, greater attention was focused on
the event in diastole, although efforts were
also made to visualize the event in systole by
changing the echo section. In the late stage
of dobutamine infusion, recordings were often
difficult especially during systole because of
hyperkinetic contraction. Therefore, evalua-
tion of post-stenotic coronary flow Kkinetics
in response to dobutamine infusion was made
from the diastolic flow pattern. Real-time
images were stored in cine loop memory,
review, and

that permits frame-by-frame

were recorded on a videotape.
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Coronary Flow Velocity Measurements during
Dobutamine and Dipyridamole Infusion
Dipyridamole was intravenously infused at
0.56 mg/kg for 4 minutes. Blood pressure,
heart rate and 12-lead

were monitored every minute before and

electrocardiograms
during infusion and at recovery. Doppler
evaluation of LAD post-stenotic flow velocity
was obtained in the resting condition, every
2 minutes from starting dipyridamole injec-
tion and up to 10 minutes after dipyridamole
infusion.

Dobutamine was infused with an infusion
pump at an initial dose of 5 ug/kg/min
for 4 minutes and the dose increased every
4 minutes to 10, 20, 30, and 40 ug/kg/min.

Blood pressure, heart rate and 12 lead
ECG were recorded in the control basal period,
every 2 min in each stage and recovery.
Doppler evaluation of LAD post-stenotic flow
velocity was made in the control state and
in the last 1 min of every stage. Dobutamine
infusion was discontinued if complex ventri-
cular ectopic beats, systemic hypotension
(systolic blood pressure < 90 mmHg), severe
hypertension (systolic blood pressure > 220
mmHg or diastolic blood pressure > 120
mmHg), heart rate > 85% of the estimated
peak maximal heart rate (220 - age in years),
ST-segment shift > 2 mm, or symptoms
unacceptable by the patients, such as chest
pain occured. The 2 tests were performed in

random order on different days within 2 days.

Echocardiographic measurements

Coronary flow velocity assessment was
carried out by one experienced echocardiogra-
pher blinded to the clinical and angiographic
data. Measurements were made off-line using
the computer incorporated in the ultrasound
system. Mean diastolic flow velocity (MDV)
was calculated by the area of the diastolic
flow velocity divided by duration of the

diastolic phase. Peak diastolic flow velocity
(PDV) and MDV were measured during basal
and hyperemia states in the dipyridamole
study and in the basal state and during infu-
sion of 20 and 40 pg/kg/min in the dobu-
tamine study. Each parameter was averaged
with the highest 3 cycles. The ratio of PDV
and MDV at the hyperemic and basal states
in the dipyridamole study was defined as
CFVR(PDV) and CFVR(MDV). In the dobu-
tamine study, CFVR was obtained at the
stage of 20 and 40 wrg/kg/min in the same
way. CFVR with dipyridamole was > 2.0
taken as normal based on the prévious studies
that evaluated post-stenotic flow velocities in
LADI[6-7].

Coronary Angiography

Selective coronary angiography was perfor-
med by the Judkins technique in multiple
projections and recorded on a cine film.
Quantitative analysis was done with the
Cardiovasucular Measurement System (CMS-
MEDIS, Medical
Stenosis was considered significant if there

Imaging Systems) [ 8] .

was> 70 % lumen diameter narrowing in at

least one projection.

Statistical Analysis

Continuous data are expressed as mean and
standard deviation (SD). A paired Student
t test was used to assess differences in vari-
ables from control period to hyperemia and
with each of dobutamine dose within the
group. The differences between the two
groups for the parametric data were tested
by the unpaired two-tailed t test. Chi-square
analysis was used to assess differences in the
detection rate for LAD flow and accuracy
between dobutamine and dipyridamole. A p
value <0.05 was considered statistically sig-

nificant.
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Il. Results

Under the guidance of color Doppler flow
mapping, adequate spectral Doppler recordings
of coronary flow were obtained in the mid-
portion of LAD for the assessment at both
baseline and stress in 52 out of 58 patients
in the dipyridamole study (89.6%), and in
44 in the dobutamine study (75.8%), and
were included in the further analysis. The
detection rate for LAD flow in the dobuta-
mine study was significantly smaller than
that in the dipyridamole study (P<0.05),
because of an increase in heart rate and con-
tractility. No major adverse effects occurred
in each study. Minor adverse effects in the
dobutamine study included single premature
ventricular contractions (2 patients), heada-
che, and palpitation (1 patient) at 20 wug/
"kg/min. In the dipyridamole study, headache,
flushing, palpitation, and nausea occurred in
a patient, respectively.

Hemodynamics

The hemodynamic changes during dobuta-
mine and dipyridamole infusion are shown in
“Table 1. During dipyridamole infusion, heart
rate increased and systolic and diastolic blood
pressures decreased in both groups A and B.
Heart rate, systolic or diastolic blood pressu-
res during the control period or hyperemia
did not differ significantly between groups
A and B. The maximal increase in LAD flow
velocity was occurred at 6.4=*=1.7 min in
group A, and 6.9%1.6 min in group B after
the start of dipyridamole infusion.

During dobutamine infuéion, patients of in
both group A and B
increases in heart rate and systolic blood

showed significant
pressure, but diastolic blood pressure did not
change. Heart rate, systolic and diastolic
blood pressures during the control period or

20 and 40 ug/kg/min of dobutamine were
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" Table 1 Hemodynamic changes induced by
dipyridamole and dobutamine

Group A Group B

(n=21) (n=23)

Dipydamole Control (cm/s)

HR (beats/min) 67%11 6511 NS

SBP (mmHg) 10813 109*12 NS

DBP (mmHg) 59+ 9 62+11 NS
Hyperemia

HR (beats/min) 74+13 7511 NS

SBP (mmHg) 96+21 101*13 NS

DBP (mmHg) 507 538 NS
Dobutamine Control (cm/s)

HR (beats/min) 6210  62*10 NS

SBP (mmHg) 119+14 112%16 NS

DBP (mmHg) 63110 59%+11 NS
Dobutamine 20 ¢ g/kg/min

HR (beats/min) 84+18% 90+21% NS

SBP (mmHg) 13120 % 13032 NS

DBP (mmHg) 5714 57+13 NS

Dobutamine 40 ¢ g/kg/min
HR (beats/min)
SBP (mmHg)
DBP (mmHg)

109£20 % 119+21* NS
142X11 % 145+32* NS
57+11 60%23 NS

* P<0.005 vs control state. Heart rate (HR)
and diastolic (DBP) and systolic (SBP) blood
pressures during the basal state and dipyrida-
mole or dobutamine dosed state were not diffe-
rent between groups A and B.

similar between groups A and B. Dobutamine
was infused up - to 40 wug/kg/min in all
patients except 8 patients in group A because
of chest pain in 4 and ST depression in 4 at
the stage of 20 ug/kg/min.
one patient complained headache and another

In group B,

patient complained palpitation at 30 ug/kg/

min.

Coronary flow velocity changes during dobu-
tamine and dipyridamole infusion

In patients of group B, coronary flow velo-
city of LAD clearly increased during dobuta
mine and dipyridamole infusion (Fig. 2). By
contrast, coronary flow velocity in LAD was
only slightly altered by dobutamine and
dipyridamole in group A patients (Fig. 3).

PDV and MDV at basal state were not
different between groups A and B (27.4%9.6
vs 25.849.0 cm/s and 20.0%+7.3 vs 17.6%=5.6

cm/s) (Table 2). PDV and MDV increased
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from control values during dipyridamole
induced hyperemia in the patients of both
groups A and B (40.5%*16.9, 30.6+13.5 cm/
s and 65.0+18.2, 46.7%£13.9 cm/s, P<0.0001).

However, PDV and MDV during hyperemia
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Fig. 2 Illustrative tracing in a patients with-
out significant LAD stenosis. Upper
panel, spectral Doppler flows at rest
(left) and during hyperemia (right)
after dipyridamole infusion. Lower
panel, spectral Doppler flows at the
control state (left) and during infusi-
on of 20 ug/kg/min of dobutamine
(middle) and 40 zg/kg/min (right)
of dobutamine.
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Fig. 3 Illustrative tracing in a patients with
significant LAD stenosis. Upper panel,
spectral Doppler flows at rest (left)
and during hyperemia (right) after
dipyridamole infusion. Lower panel,
spectral Doppler flows at control
(left) and at the stage of 20 ug/keg/
min (middle) and at the stage of
40 urg/kg/min (right) during dobu-
tamine infusion.

in group A were significantly lower than
those in group B (40.5%£16.9 vs 65.0t18.2
cm/s, P<0.0001 and 30.6+13.5 vs 46.7%+13.9
cm/s, P<<0.001). As a result, CFVR (PDV)
and CFVR (MDV) were significantly lower
in group A than group B (1.46£0.25 vs 2.66
£0.75 and 1.53%0.27 vs 2.74£0.71, P<0.0001).

As in the dipyridamole study, PDV and
MDYV in dobutamine study were not different
between groups A and B at the control state

Table 2 Change in peak diastolic flow velocity
and mean diastolic flow velocity indu-
ced by dipyridamole

PDV (cm/s) MDV (cm/s)

Group Control Hyperemia CFVR Control Hyperemia CFVR
(PDV) (PDV)

1 t y™ t

A 274%96 40.5+169 1.46+0.25 200+73 30.6+135 1.53%0.27
(n=21)

* *
B 258+9.0 65.0+182 2661075 176+56 467139 2.74%£0.71
(n=23)

* P<0.0001 vs basal state. 1.P<0.0001,

% P=0.0004 vs group B. LAD, left anterior
descending coronary artery ; PDV, peak diasto-
lic velocity; MDV, mean diastolic velocity.

Table 3 Changes in peak diastolic flow velocity,
mean diastolic flow velocity and coro-
nary flow velocity ratio induced by
dobutamine

Group A
(n=21)

Group B
(n=23) P

Control (cem/s)

PDV 27.7£8.6 26.8+8.1 NS
MDV 20.7%6.3 18.1+5.4 NS
Dobutamine
20 2 g/kg/min
PDV 37.1+176t 58.8+20.1%  0.0005
CFVR (PDV) 1.31+0.31  2.26+0.62 <0.0001
MDV 26.3£10.9% 41.9+12.9%  0.0001
CFVR (MDV) 1.2640.37 2.33+0.54 <0.0001
Dobutamine
40 1 g/kg/min
PDV 41.5+22.4 73.5+24.4 % 0.0006
CFVR (PDV) 1.50%0.42 2.95+1.24 0.0003
MDV 30.8%17.9  51.2+18.0%  0.0027
CFVR (MDV) 1494052  2.87£112  0.0002
* P<0.0001, tP=0.001, %P=0.004 vs control
state. LAD, left anterior descending coronary

artery; PDV, peak diastolic velocity; MDYV,
mean diastolic velocity ; CFVR, coronary flow
velocity ratio.
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Fig. 4 Relationship between CFVR (MDV) with dipyridamole or dobutamine

and percent diameter stenosis of LAD. Upper left panel, relation bet-
ween CFVR (MDV) with dobutamine 20 wxg/kg/min and percent
diameter stenosis of LAD. A CFVR (MDV) with dobutamine 20 ug/
kg/min < 2.0 predicts significant LAD stenosis (> 70% diameter
stenosis) with a sensitivity and specificity of 100% and 78%. Upper
right panel, relation between CFVR (MDV) with dobutamine 40 wug/
kg/min and percent diameter stenosis of the LAD. A CFVR{(MDV)
with dobutamine 40 ug/kg/min < 2.0 predicts significant LAD
stenosis with a sensitivity and specificity of 84% and 90%. Lower
panel, relation between CFVR (MDV) with dipyridamole and percent

diameter stenosis of LAD. A CFVR (MDV) with dipyridamole < 2.0

predicts significant LAD stenosis with a sensitivity and specificity of
95% and 91%.
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(27.7£8.6 vs 26.8+8.1 cm/s and 20.7%+6.3
vs 18.1+5.4 cm/s)(Table 3).
group B, PDV and MDV clearly increased
with dobutamine 20 and 40 ug/kg/min
(68.8%+20.1, 41.9£12.9 ¢cm/s and 73.5%24.4,
51.2%t18.0 ecm/s, P<0.0001). However, PDV
and MDV at the stage of 20 and 40 ug/kg/
min of dobutamine in group A were signi-

In patients of

ficantly smaller than those in group -B (37.1
+17.6 vs 58.8£20.1, 26.3+10.9 vs 41.9%12.9
cm/s and 41.5+22.4 vs 73.5%t24.4, 30.8%=17.9
vs 51.2%18.0 cm/s, P<0.001).. CFVR(PDV)
and CFVR(MDV) with 20 and 40 ug/kg/

min of dobutamine in group A were signi-
ficantly lower than those in group B (1.31*
0.31 vs 2.26%£0.62, 1.26£0.37 vs 2.33*0.54
and 1.50%+0.42 vs 2.95+1.24, 1.49+0.52 vs
2.87£1.12, P<0.0001).

Dipyridamole versus Dobutamine

The relationship between CFVR(MDV) and
percent diameter stenosis is shown in Fig. 4.
If a CFVR(MDV) at 20 ug/kg/min of
dobutamine < 2.0 is defined as abnormal, it
had a sensitivity of 100%, a specificity of
78%, and an accuracy of 88% for the presen-
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ce of significant LAD stenosis.. A CFVR
(MDV) at 40 ug/kg/min of dobutamine
<2.0 had a sensitivity of 849, a specificity
of 90%, and an accuracy of 889%. In the
dipyridamole study, a CFVR(MDV) <2.0
had a sensitivity of 95%, a specificity of
919%, and an accuracy of 93% for the presen-
ce of significant LAD stenosis. There was no
significant difference in the sensitivity, speci-
ficity, and accuracy between dipyridamole,
dobutamine 20 and 40 wug/kg/min.

The angle between Doppler beam and longitu-
dinal axis of LAD

The angle between the Doppler beam and
the longitudinal axis of LAD did not change
significantly from the control state during
dobutamine or dipyridamole infusion. The
angle in the dobutamine study was 37.9£8.6
degrees in group A, 37.4%8.1 degrees in group
B, and in the dipyridamole study 39.3+8.0
degrees in group A and 36.6£9.3 degrees in

group B.

IV. Discussion

In this study, transthoracic color Doppler
echocardiography during dobutamine infusion
was shown to be as safe and feasible for
noninvasive measurement of CFVR and detec-
tion of LAD stenosis as with dipyridamole.

Coronary flow velocity changes by dobuta-
mine were clearly different. In patients with-
out significant stenosis of LAD, coronary
flow velocity of LAD definitely increased.
By contrast, in patients with significant
stenosis of LAD, the coronary flow velocity
pattern of LAD was only minimally altered.
And this reaction was similar to dipyrida-
mole.

The mechanisms of augmentation in coro-
nary flow are distintly different between

dobutamine and dipyridamole. Dobutamine

increases myocardial metabolic demand by
enhancing contractility and increasing heart
rate by stimulating B1-receptor. The increa-
sed metabolic demand results in secondary
coronary flow

coronary vasodilation and

enhancement. Although dobutamine has an
effect on coronary constriction by activation
of beta2- and alpha-receptors, its vasodilating
effect through metabolic demand are more
pronounced. Dipyridamole dilates the coronary
vasculature by increasing interstitial concent-
rations of adenosine, a potent coronary vaso-
dilator.

Coronary flow velocity increase induced by
20 u¢g/kg/min of dobutamine was smaller
than dipyridamole (0.56 mg/kg), as reflected
by CFVR(MDYV) in group B. CFVR (MDV)
with 40 ug/kg/min of dobutamine had close
agreement with that of dipyridamole. But
there was no significant difference in the
senitivity, specificity or accuracy among
dobutamine 20 ug/kg/min, 40 ug/kg/min
and dipyridamole for significant LAD steno-
sis. Thus, to predict the presence of signi-
LAD

infusion, 20 ug/kg/min of dobutamine may

ficant stenosis during dobutamine

be the sufficient dose.

CFVR measurements

There are significant limitations in pre-
dicting the hemodynamic significance by
angiographic assessment of coronary artery
stenosis. Coronary flow reserve (CFR) may
be more accurate for detecting hemodynamic
ally significance of coronary artery stenosis

[9-14]. everal invasive methods of coronary

flow velocity measurements using Doppler

catheter or Doppler guide wire[6,7,15-19] have
been established. Several studies have reported
that transesophageal Doppler echocardiogra-
phy is also useful in the assessment of coro-
nary flow[20-22]. Transesophageal Doppler
echocardiography allows for high resolution
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images of the proximal LAD with coronary
flow velocity by PW Doppler. However, it
allows for only prestenotic flow ino LAD,
and is relatively invasive. Positron emission
tomography has been applied to measure
Although this method

1s nonivasive, it 1s expensive and not widely

CFR in myocardium.
avatlable. Transthoracic color Doppler echo-
cardiography 1s noninvasive, relatively inex-
pensive, and widely used in the clinical setting
[23-27]. It was already reported that CFVR
determined by transthoracic color Doppler
echocardiography was useful in the assessment
of LAD stenosis, accurately reflecting CFVR
measured by invasive methods[1,28].

Combination of wall motion analysis and
Doppler measurement of coronary flow in
dobutamine stress echocardiography
Vasodilators such as dipyridamole or papa-
verine are usually used in CFVR measurements
by Doppler technique, because their detection
rate for LAD is higher than that of dobuta-
mine. But only LAD flow can be detected by
transthoracic color Doppler echocardiography,
and the flow in the other
vessels 1s difficult to recognize.

two coronary
Therefore,
detecting of new wall motion abnormalities
during pharmacological stress is helpful in
diagnosis of significant stenosis in the other
coronary vessels than LAD.

Dipyridamole stress echocardiography was
first reported by Picano et al in 1985[29].
In many previous studies, although it was
accurate for the diagosis of multivessel
disease, only low sensitivity was available in
detection of single vessel disease. To over-
come this limitation, high dose dipyridamole
(0.84 mg/kg) and atropine (0.25 to 1.0 mg)
[30]Jhave been tried. But the sensitivity in
high dose dipyridamole (0.84 mg/kg) was
74%, and only 50% for single vessel disease

(31].

Dobutamine stress echocardiography has
high sensitivity in detecting coronary artery
stenosis. Its overall sensitivity in previous
reports was 809%, respectively [31]. Because
of higher sensitivity for wall motion abnor-
mality, dobutamine infusion is better when
combining the Doppler technique and wall
motion analysis. Stoddard et al.[20]reported
that transesophageal Doppler echocardiogra-
phy during dobutamine infusion could be used
to assess CFVR in the LAD and that the
assessment CFVR by transesophageal Doppler
echocardiography was more sensitive than
evaluation of left ventricular wall motion for
LAD stenosis. This study supports the hypoth-
esis. Therefore, the sensitivity of coronary
artery disease may be improved by combina-
tion of Doppler flow and systolic function

analysis during dobutamine infusion.

Limitations of the study

1) Coronary flow measurements except
LAD could not be assessed in the present
study.

2) Transthoracic Doppler echocardiography
measures coronary flow velocity, not coronary
blood flow.
that changes in coronary flow velocity induced

However, it has been reported

by coronary vasodilators closely reflect
changes in coronary blood flow.

3) We measured CFR only from diastolic
mean velocities, not from mean velocities
throughout the entire cardiac cycle, since
obtaining complete Doppler spectral envelopes
throughout the entire cardiac cycle is difficult
due to cyclic cardiac motion. However,
in the previous studies, the ratio of hy-
peremic to basal MDV and PDV was useful
in the evaluation of functional coronary
stenosis.

4) The factors that independently influence
CFVR such as left ventricular hypertrophy,

heart rate, coronary perfusion pressure, vent-
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ricular preload, contractility, recent myocar-

dial infarction, treatment receiving and
measurement technique may influence CFVR
in addition to coronary artery stenosis.
These additional factors need attention when
attempting to assess hemodynamic signifi-
cance of coronary stenosis by CFVR measure-

ments.

V. Conclusions

Coronary flow velocity measurements of
LAD using transthoracic color Doppler echo-
cardiography was safe and feasible during
dobutamine infusion. Sensitivity and specifi-
city of CFVR for dobutamine were similar
to dipyridamole, and they were unchanged
when dobutamine was infused by 20 or 40
g/ kg / min.
significant LAD stenosis by dobutamine transt

To predict the presence of

horacic color Doppler echocardiography, 20
1g/kg/min was thought to be a sufficient
dose.

E B
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