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Objectives. The aim of Llns smdy was to validate the use of
fal contrast ect graphy to determine coronary
bloed flow reserve in humans.

Background. Although myocardial contrast echocardiography
has been used to accurately quantify coronary fow veserve in
animals, validation for its use in humans to measuve fow reserve
is lacking,

Methods. We analyzed the time-intensity curve from the an-
teroseptal region of the left ventricular skort axis produced after
a lelt main coronary nmry mectmn of sonicated albumin hefore
and after i of in 16 pa-
tients without anglngnphmlly significant coronary artery dis-
ease. The ratio of half-time of video intensity disappearance from
peak intensity, variable of curve width, area wnder the time-
intensity curve and corrected peak contrast intensity after papav-
erine compared vdth baseilne were mmlamd with corenary flow
reserve 1] it ly with ar. int y Doppler
probe in the left anterior descending coronary artery.

Resulss. There was a strong inverse corvelation with hall-time

of contrast washout and coronary flow reserve (r = —0.76, p =
0.0007) and a strong positive cortelation hetween the variohle cf
curve width (which is inversely propostionsl to curve width) and
caronary flow reserve (r = 0.71, p = 0.602). There was a weak but
significant iuverse corvelation betweem area mnder the time-
intensity curve and coronary fow reserve (r = —0.54, p = 0.03)
but no correlation between corrected peak contrast intensity and
coronary flow reserve (r = —0.36, p = NS). Despite the strong
correlation for the raties for half-time of costrast washout and
variable of curve width and actual coronary fow reserve mea.
sured with intracoronary Doppler probe, the transit time ratios
mnsnslently underestimated coroaary fow reserve.

C ions. My contrast echocardiography per-
formed with lelt main coropary artery injections of sonicated
albumin can be utilized to measure coronary flow reserve in
homazs, Transit time variable ratios (half-time of contrast wash-
out ond variable of curve width) derived from the time-intcusity
curve correlate mest stropgly with coronary fiow reserve,

(J Aex Coll Cariliol 1993;21:349-55)

The measurement of absolute coronary flow reserve during
diagnostic cardiac catheterization determines whether a cor-
onary vessel is functionully diseased irrespective of the
presence or absence of a significant anatomic stenosis {1-3).
Measurement of coronary flow reserve in humans has been
performed with intracoronary Doppier catheters (1.2), coro-
nary sinus thermodilution (3), digital angiographic tech-
niques {4) and myocardial contrast echacardiopraphy (5,6).
However, myocardial contrast echocardiography kas not
been validated as a method of quantitating flow reserve in
humans as it has in animals. The aim of this study was to
validate the us¢ of myocardial contrast echocardiography by
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analyzing time~video intensity curves for the assessment of
coronary blood flow reserve in humans Because mlranom
nary Doppler study is an d method of

coronary flow reserve in humans, ratios of specific vardables
of the time-intensity curve after intracoronary administra-
tion of papaverine compared with haseline values were
correlated with this value.

Mettods

Nincteen paticats (17 men and 2 women) with essentially
normal ¢picardial corenary arteries at the time of diagnostic
cardiac catheterization were chosen for the study. All pa-
tients were in stable condition after orthotopic heart trans-
plantation. Their mean age was 42 + 5 years. The study was
approved by the Committee on the Conduct of Human
Research al Virginia Commonwealth University and the
Research Committee of the McGuire Veterans Affairs Med-
ical Center.

At the completion of the diagnostic cardiac catheteriza-
tion, 10,000 U of intravenous heparin was given and an 3F
guiding catheter was inserted under fluoroscopic guidance
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https://core.ac.uk/display/82506846?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

350 PORTER ET AL.

VALIDATION OF MYOCARDIAL CONTRAST ECHOCARDIGGRAPHY

JACC Vol, 21, No. 2
February 1993:349.55

VIDEOINTENSITY

:
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into the left main coronary artery, A 0.0!4-in. (0.036 ¢cm)}
guide wire was then advanced under fiuoroscopy inio the
distal left anterior descending artery, and a 3.5F Millar
Instruments Doppler catheter (DC-101) was advanced over
the wire into a straight nonbranching scgment of the artery,
A mean and phasic Doppler velocity recording was obtained
that was stable and unaffected by patient respiration. Dopp-
ler signals were displayed together with i Y pres-
sure and electrocardiographic (ECG) signals on a strip chart
recording at 25.mm/s paper speed at baseline and after
injection of papaverine, 12 mg, into the left main coronary
artery. With this technique coromary flow reserve was cal-
culated as the ratio between the peak mean velocity after
papaverine administration and baseline velocity.
Preparation of sonicated athemin, Five percent human
albumin was obtained from the blood bank. Eight-milliliter
aliquots of albumin were placed in a 10-ml syringe (Becton
Dickinson), and a commercially available sonicating system
(Heat Systems Ultrasonics, model W-375) was used to
create microbubbles, as described elsewhere (7). Briefly,
with the sonicating horn initially placed just below the
surface of the alk continuous at 20,000 Hz

DIGITAL [,
VIDEOINTENSITY Figure 1. Example of the on-line ac-

quisition of a time-intensity curve after
aleft main coronary artery injection of
sonicated albumin. The 21 X 21-square
pixel region of interest (represented as
a cross hair) is placed in the myocardial
distribution of the left anterior de-
scending coronary artery. Digitized
video intensity is recorded at the right
of the screen and plotted as a function
of time at the lower left of the screen.

Hewlett-Packard Sonos 1000 phased array imaging system.
The region of inierest was repositioned siightiy during ihe
acquisition of the curve in all patients because of the small
changes in myocardial position due to cardiac translation.
This region of interest usually was 21 x 21 square pixels and
was chosen from several other pixel sizes (11 X 11,31 % 31
or 41 x 41) because it consistently stayed withi~ the epicar-
dial and endocardial borders during acquisition of the time-
intensity curve (Fig. 1). However, an editing fanction,
available after acquisition of the curve, allowed removal of
points that were obtained from outside the region of interest.
This editing function was used in only two patients. In each
case it was used to correct an error in baseline video
intensity and affected the transit time variabtes by <4%. The
curves were otherwise generated on line in real time at
baseline flow, with a 1- to 3-ml bolus injection of sonicated
Euman albumin into the left main coronary artery givan over
a constant interval of 6 s. The constant time interval of 6 s
was chosen in an attempt to decrease shear stress on the
tmicrobubbles. Different initial bolus volumes were injected
to generate for each patient a time-intensity curve that had
an optimal signal 10 noise ratio visually but did not create

and a power output of 210 W ded for appr
40 s. The solution was then immediately stored in a sterile
container and used within 24 k, Representative samples of
sonicated albumin obtained with this technique were ana-
lyzed with a Lab-Tec 100 Laser Particle Analyzer (Lasentec
East). Microbubble mean size was 6 to 8 xm and 75% to 80%
of the microbubbles were <8 um.

M dial contrast echocardiography. Two-dimensional
echocardicgrams were obtained with the patient quietly
breathing in the supine position, Parasternal short-axis views
were obtained at the midpapillary muscle level. The com-
pression control was set to linear mode of operation, and
time gain compensation was constant over the region of
interest. These settings have been shown by Zwehl et al. (8)
to create a linear relation between returning radiofrequency
signal and measured video intensity. On-line mean video
intensity in a 21 x 21-square pixet region of interest posi-
tioned in the anteroseptal distribution of the feft ventricular
short-axis image was determined with software designed in
conjunction with the Hewlett-Packard Company and the

of signals over the region of interest. Once the
optimat volume of sonicated albumin was determined, this
dose was kept constant for the injections performed at
baseline and after administration of papaverine. Therefore,
injection speed was constant for each patient. The injection
of microbubbles after intracorenary papaverine administra-
tion was given when intracoronary Doppler vefocity had just
reached a maximum,

Time-intensity curve analysis. Kaul et al, (9) found that in
individual dogs a measure of curve width defined as alpha
correlated strongly with changes in coronary blood flow.
This variable can be determined from a gamma voriate
function by nsing a nonlinear least-squares curve fit to the
time-intensity curve. Because others (10,11) have utilized
corrected peak contrast video intensity, half-time of contrast
washout from peak video intensity and area under the time
video intensity curve to determine changes in coronary
blood flow, tnese variables, in addition to curve width, were
determined on Line to characterize the time-intensity curves.
Figure 1 ill an le of the time-i ity curve
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being generated from the left anterior descending artery
perfusion bed after a bolus injection of senicated albumin
into the left main coronary artery, All variables were ob-
tained at baseline and at peak hyperemia induced by intra-
coronary papavering. The ratio of the variable obtained at
peak velacity to the same variable at baseline flow was then
correlated with coronary flow reserve obtained with intra-
coronary Doppler study.

Statistical analysis. Comparisons of velocity ratios before
and after papaverine administration using an intracoronary
Doppler probe (coronary flow reserve) were compared with
the previously mentioned variables of the time-intensity
curve ratios obtained with linear regression. A Pearson
cotrelation coefficient was calculated for each ¢
Coronary flow reserve using an mlracuronary Dappler probe
was calculated an independent inv v witheut
knowledge of the ratios denved from each variabte of the
time-intensity curve. In ¢ight patients time-intensity curves
were generated after two separate intracoronary papaverine
injections to determine the reproducibility of flow reservc

by myocardial contrast echocardi
An intraclass correlation coefficient (12) was used to assess
the reproducibility of this method in determining coronary
flow reserve.

Results

A total of 19 stable heart transplant paticnts were studied.
In two patients the intracoronary Doppler peak velocity was
low with an inadequate signal to noise ratio and variable
baseline, and therefore the flow ratios obtained with papav-
erine could not be used. A third patient had ndeo 1mensnly

ion across the dium at all p

volumes, and time-intensity curves couid nat be :ve.l\.atcd
In the remaining 16 patients, time-intessity curves obtained
before and after papaverine injection weic suitable for
analysis, In general, patients who had coronary flow re-
serves ding 2.0 by i y Doppler study had
decreases in the area under the curve and decreases in
transit time variables (decreased half-time and increased
variable of curve width) after papaverine injection. Figure 2
is an example of time-intensity curves obtained before and
after papaverine from a patient with a coronary flow reserve
of 3.5 by Doppler study.

Hemodynamic and ECG changes. No clinical symptoms
were reported by the paticnts during the sonicated albumin
or papavering injections, One patieni had transient inverted
T waves after the sonicated albumin injection. After intra-
coronary papaverine, transient inversion of the T wave was
seen in six patients. One patient had approximately 1-mm ST
segment elevation, and another had ST segment depression
compared with baseline. Both of these changes resolved
within 2 min of the papaveri injection. Mean intracoronary
pressure was unchanged after sonicated albumin injections
(106 + 9 mm Hg hefore vs. 107 + 9 mm Hg after injection).
Mean intracoronary pressure fell slightly but significantly at
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P=228
A= 2467
AL = 0.26
HT = 6.7

RR = 0.80
BL=T78

AN

BASELINE

P=212
A« 1323
AL = 0.43
HT = 3.9
RR = 0.71
BL = 9.2

AN

POST-PAPAVERINE

Figere 2. Example of a time-intensity curve at baseling and after
papaverine (POST-PAPAVERINE) in a patient with a simultaneous
coronary flow reserve of 3.5 determined by intracoronary Doppler
probe. After papaverine the half-time (HT) is decreased, the curve
width is decreased (corresponding to a higher value for the variable
of curve width, AL), the area under the curve(A) is less and
cormected peak conteast intensity (P} is unchanged. BL = baseline
video intensity; RR = mean RR interval(s} during acquisition of the
curve.

peak Doppler flow after papaverine injection (107 +
11 mm Hg vs. 98 * 11 mm Hg, p < 0.05).

Time-intensity curve variables and coronary flow reserve.
Table ! lists the time-i ity curve
before and after intracoronary papaverine injection, the
ratios before and after papaverine injection and actual cor-
onary flow reserves measured by intracoronary Doppler
probe for each of the 16 patients in the study. Mean coronary
flow reserve estimated with intracovonarv Doppler probe in
the 17 patients was 2.4 + 0.6 (range 1.1 to 3.7). The mean
value for flow reserve using the variable of curve width alpha
was 1.3 + 0.3 (range 0.8 5 1.9}. The range for the ratio of
half-time of video intensity washout was 0.51 to 1.17. Ali
seven patients who had a coronary flow reserve =2.5 hada
half-time ratio <0.80, and all but one of these had a curve
width (alpha) ratio >1.4.

Area under the curve ratios (area obtained after papaver-
ine injection divided by area at baseline flow rates) ranged
from 0.25 to 1.06 and were <0.85 for any patient who had a
Doppler-derived corenary flow reserve >2.0. However,
three patients with a coronary flow reserve <2.5 also had an
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Table L. Variables of the Time-Intensity Curves After Left Main Coronary Artery Injections of Sonicated Albumin Before and After
Papavetine Injection and Coronary Flow Reserve Determined by Intracoronary Doppler Probe

Alpha Area HT CPC1
Pt No, 1 2 Ratio 1 2 Ratio 1 2 Ratio 1 2 Ralio  CFR
1 0.i6 0.24 15 508 293 0.58 108 69 0.64 20 %1 0.9 37
2 0.24 0.24 10 413 423 102 70 69 [1X::] 36.2 38.0 L0 20
3 0.21 0.20 10 49 158 106 3.0 84 105 1.5 119 1.0 19
4 0.29 0.9 13 W 4 0.4 58 44 0.76 9.9 58 0.5 22
3 0.29 0.42 14 5 53 090 58 4.0 0.69 64 82 13 20
6 0.26 0.30 i2 194 162 034 64 57 0.89 187 176 0.9 23
7 0.8 0.35 19 258 9 0.19 53 47 0.51 17.8 6.3 0.4 31
8 0.38 0.31 09 156 131 034 4.7 55 L17 16.8 176 10 Ll
9 0.34 0.45 1.3 42 % 062 51 7 0.73 5.3 43 0.8 23
10 038 048 13 57 36 063 44 35 0.0 8¢ 64 08 19
1 03 0.52 17 42 3 055 54 33 0.65 4.9 45 0.9 28
12 0.20 0.26 L3 154 m 072 835 6.7 0.79 11 103 0.9 7
13 022 041 19 128 31 0.40 75 4.1 0.55 106 17 0.7 5
1 0.28 048 17 236 108 046 6.0 36 0.60 A0 183 0.8 36
15 032 040 13 64 16 0.25 53 42 0.79 735 23 0.3 5
16 0.33 0.43 13 m 103 0.60 50 40 0.80 210 16.4 08 19
Mean 0.27 .37 14 1703 1.5 063 6.6 50 2717 149 ne6 08 24
SD 0.06 (A1) 03 1283 106.4 0.25 1B 15 0.18 83 9.1 02 07
Alpha = variable of curve width in s (~1): Area = area under the time-intensity corve; CFR = coronary flow seserve; CPCI = mmcled penk conisast
intensity; HT = half-time of contrast washout; Pt = patient; 1 = measurement at basefine flow; 2 = at peak h after i
administration of papaverinc.

arca ratio <0.85. The ratio of corrected peak contrast
intensity after papaverine compared with baseline ranged
from 0.3 to 3.2

Figure 3 demonstrates the correlation between the ratios
of half-time of contrast washout after papaverine injection
compared with bascline flow and coronary flow reserve
obtained with intracoronary Doppler study. There was a
strong correlation between the half-time ratio and coronary

Figure 3. Correlation between the ratio of half- time of contrast
washout after d with baseline
(HT2MHTI) and 1 coronary flow reserve obtamcd with intracoronary
Doppler flow probe.

Coronary Flow Reserve

0508060707080809091.01.01.1111.2
HT2/HT1

flow reserve, with a correlation coefficient of =0.76 (p =
0.0007; y = —2.8x + 4.6, SE = 0.5), There was also a
significant correlation (Fig. 4) berween the ratios of the
variable of curve width and coronary flow reserve (r = 0.71,
p=10.002; y = 1.6x + 0.2, SE = 0.5). There was a weak but
significant negative correlation between coronary flow re-
serve by intracoronary Doppler probe and area under the
time-intensity curve (r = —0.54, p = 0.03; y = = L.4x + 3.3,

Figure 4. Conelation between the ratio of the variable of curve
width after papaverine administration compared with baseline
(Alpha2/Alphal) and coronary flow reserve obtained with intracor-
onary Doppler flow probe.

Cerenary Flow Ressrve

11 12 1.3 1.4 16 1.6 1.7 1.8 1.9
Alpha2/Alphat

09 1
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Coronary Flow Reserve
4

—

54,p=008

0
Q.12 0.29 0.3¢ 0.49 0.50 0.68 0.79 D.89 0.99
Aroa2fAreat

FEgnu §. Comclation between 1hc ratio of area under the time-
intensity curve after p d with base-
line (Area2fArcal) and coronary flow reserve obtained With intra-
coronary Doppler flow probe.

SE = 0.6) (Fig. 5). Finally, there was no significant correla-
tion between the ratios of corrected peak contrast intensity
after papaverine administration compared with b and
intracoronary Doppler flow ratios (r = ~0.36, p = NS)
Reproducibility of myocardial contrast echocardiograp
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the left main coronary anery before and after papaverine
injection for each patient, the time-intensity curves we

btained from the my dium were mainly infinenced by
two factors: changes in left main coronary blood flow (widih
of the input function) and changes in my dial blood flow
in the left anterior descending artery distribution. After
intracoronary papavering injection, there was an increase in
left main coronary blood flow. Although this affected the
concentration of microbubbles entering each branch, we
assumed that the ratio of microbubbles that entered the left
anterior descending distribution compared with the left
circumflex bed did not change (because both vessels were
angiographically normal), and therefore the ratio of transit
time variables after papaverine injection compared with
baseline accurately reflected coronary blood flow reserve.
Decreases in half-time of video intensity washout after
intracoronary papaverine (11) or intravenous dipyridsmole
(6) in angiographically normal coronary arteries after left
main coronary artery injections of ultrasound contrast me-
dium have been observed by others. Kaul et al. (2), using the
same variable of curve width used in this study, found that
this transit time variable accurately detected changes overa
wide range of coronary blood flows.

Despite the strong correlation between the ratio of transit
time variables and coronary flow reserve obtained with left
main coronary artery injection of micrabubbles, there was a
consistent underestimation of the flow ratios with the transit

L. eight patients more than on¢ intracoronary papaverine
injection was performed to determine the reproducibility of
this technique in measuring coronary flow reserve. With use

time ples. This discrepancy can be explained by the
changes in myocardial bloed volume that occur with papav-
erine (13). Transit time variables are inversely proportional
to flow changes but directly related to volume changes.

of the half-time of contrast , repeat of
coronary flow reserve resulied in a good intraclass cerrela-
tion coefficient (9) (r = 0.72). The reproducibility of the
variable of curve width ratio was fait (r = 0.57).

Discussion

In this study we i d a small
{sonicated albumin) into the left main coronary artery of
patients without epicardial coromary arlery discase and
measured myocardial video intensity versus time in the left
anterior descending myocardial distribution before and after
intracoronary papaverine injection. We found a goed carre-
lation between Doppler-derived coronary flow reserve and
transit time variables (half-time of video intensity decay and
variable of curve width). Because the index of curve width
used in this study is inversely related to curve width, we
found a strong positive correlaticn between this transit time
variable and Doppler-derived coronary flow rescive. The
reason for the findings observed can be explained by the site
of injection of the microbubbles, the physical properties of
the intravascular ultrasound tracer used and the absence of
unbalanced coronary artery d:sease in the study patients.

Site of inj of mi B we injected the
same quantity of sonicated albumin at the same speed into

Lasinbi

int y papaverine increases myocardial
blocd volume, it will increase the width of the time-intensity
curve and delay video-intensity washout (14). Therefore,
any time-intensity curve variable used to measure flow will
bs: affected by volume changes regardless of l.he stte of

yjection of the microbubbles. Other possible ex

for the underestimation of flow ratios by transit time vari-
ables could be refated 1o the on-line methods used in this
study, Because relatively few points described the rise and
fall of the video-intensity curve, the curve fit vsed to
describe the pp and disapp may be
inaccurate, However, this error could lead to overestima-
mms of flow as well. Because the transit time variables

ly underestimated flow, i curve fitis less
likeiy to account for the findings we observed.

Ultrasonic contrast agent. The ultrasonic contrast agent
used in this study has been shown to behave as a tue
intravascular tracer and follow indicator-dilution principles
{15). This is why area under the time-intensity cuve de-
creased after intracoronary papaverine injection. However,
uitrasonic contrast microbubbles used by others are larger
and may hehave instead as partial deposit tracers. Because
these agents would be trapped in the coronary circulation,
increases in flow and volume to a region of myocardium
would result in increased deposition and greater video
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intensity. Rovai et al. (16) found that the area under the
curve increased in angiographically normal coronary arteries
after intravenous dipyridamole injection when they injected
intracoronary sonicated iopamidol (mean microbubble
size = 12 % 4 pm). However, when they iniccted a prepa-
ration with smaller microbubbles into an in vitro flow sys-
tem, they found that the area under the time-intensity curve
decreased with increased flow rates. Because sonicated
albumin dozs not become trapped in the coronary eirculation
and acts as a red blood cell tracer (15,17), increased flow will
result in more rapid transit of microbubbles through the
region and a decrease in area under the curve. In contrast,
agents with larger microbubble sizes, such as heat-sonicated

| diatrizoate (R ) (5 10 12 pm), sonicated
iopamidol and hydrogen peroxnde mixed with blood (10 to
100 um) (18) will be trapped in the coronary ci
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respective perfusion beds. When such a model is created in
an animal preparation, 2 left main coronary artery injection
of microbubbles after intrag y papaverine results in a
decreased area under the time-intensity curve in the under-
perfused bed because of a d d ratio of bubble:

delivered to this region compared with that during the
injection at rest (10), In this setting, transit time variables
have also not accurately quantified changes in coronary
bloed flow. However. Cheirif et al. (22) have demonstrated
that area under the curve can be used to describe relative
flow changes in the presence of unbalanced (one vessel with
a critical stenosis) coronary artery disease if injections of
ulirasonic contrast agents are given into the aortic root (22).
Because increases in left main coronary artery flow in this
model should also be accompanied by increases in mi-

cr ion, relative flow changes were accom-

Therefore, increases in intracoronary flow and volume that
occur with papaverine will result in increased amounts of

panied by alterations in the area under the time-intensity
curve that dlrec(ly corre!a:ed wnh flow determined by

these microbubbles in the my dium and an i darea
under the time-intensity curve,

The type of ultrasonic contrast agent used also plays an
important role in determining the correlation between peak
contrast intensity and coronary flow. Cheirif €1 al, (19) used
int y d megl to demonstrate that in-
creases in peak contrast intensity after intracoronary papav-
ering administration were seen in patients without angio-
graphically significant coronary artery discase. Similarly,
Ten Cate et al, (20) demonstrated with intracoronary soni-
cated iopamidol thai an increase in peak contrast intensity
occwted in angiographically normal vessels after papaver-
ine. In contrast, our study did not show a correlation
between peak contrast intensity and intracoronary Doppler
velocity changes after papaverine. As stated previously, our
different findings in humans car be explained by the differ-
ences in microbubble size and concentration used in our
study. The larger microbubbles used by others are trapped in
the coronary circulation, and video intensity would in this
case be related to the amount of microbubbles deposited in
the region of interest. Sonicated albumin has smaller mi-
crobubbles but also differs from other ultrasonic contrast
agents in that it has a higher concentration of micrahubbles.
This higher concentration may paradoxically decrease video
mtensny (21). Therefore, if mtracoronary papavenne re-
sulted in i d peak ons of Ib
in the region of interest, they may not have been accurately
quantified by video intensity.

Presence or absence of coronary artery disease. The re-
sults of this study apply to patients who have no significant
epicardial stenoses or have, as in the heart transplant pa-
tients in this study, balanced coronary artery disease. The
distribution of microbubbles after papaverine administration
will be altered when a critical stenesis exists in either the left
anterior descending or left circumflex coronary artery, In
this setting, intracoronary papaverine would theoretically
result in a different ratio, as well as a different concentration
of microbubbles entering the two different arteries and their

ly, with left main cor-
onary artery mjectluns of microbubbles, Kaul ¢t al, (9) have
shown that only the ratio of area under the time-intensity
curve between the underperfused and normal myocardium
can detcct refaiive changes in flow after papaverine admin-
istration.

Limitations of the stady. This study demonstirates that an
on-line method of measuring video intensity and instanta-
neous analysis of the curve can be applied in the cardiac
catheterization laboratory 1o determine coronary flow re-
s¢rve. However, the ultrasound system design requires
further development, Cardiac translation and rotation pro-
hibit maintenance of the cross hair in the same region of
myocardium. Jayaweera et al. (23) have developed a cross-
correlation method that allows frame by fraime alignment of
the region of interest as long as the degree of translation is
minimal, Furthermore, multiple regions cannot be analyzed
with one injection. Because this may be necessary for
determining relative coronary flow reserve in the setting
of unbalanced coronary artery disease (i0), digital storage
of the image with subsequent time-intensity curve analysis of
1wo different myocardial perfusion beds will be necessary.

The patients chosen for this study should not be consid-
ered a normal study group because they were heart trans-
plant recipients and thus may have had significant transplant
arteriopathy not detected by angiography. They may also
have had decreased ccronary flow reserve as a result of
increased left ventricular mass (24). However, other factors
related to transplantation, such as denervation, mcreased
rest heart rate and ab | coronary endotheliai fi
do not affect the measurement of coronary flow reserve
(24,25). Althougk our study group should not be considered
normel, it was ideal for assessing the ability of contrast
echocardiog:aphy i d ine normal and at | coro-
nary flow reserve because the patients exhibited a wide
range of flow reserve (1.1 to 3.7).

Itis evident that the intracoronary Doppler probe also has
limitations in determining coronary fiow reserve. Epicardiai
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vessel size is increased slightly with intracoronary papaver-
ine injection (26}, and these geomeiric changes are not
measured with intracoronary Doppler study alone. The use
of this technique also requires a guiding catheter positioned
in the left main ostium, which may obstruct hyperemic blood
flow.

Finally, changes ia intramyocardial blood volume with
papaverine injection have a variable cffect on curve veri-
ables. Certain variables of the time-intensity curve, such as
area under the curve, have been shown by others (27) 10
comelate more strongly with changes in myocardial blood
volume than with flow. Because we want to determine
corenary flow and not volume changes, variables of the
time-intensity curve that are cither independent of volume
changes (or can be corrected for volume changes) need to be
determined.

Conclusions. Myocardial contrast echocardiography per-
formed with left main coronary artery injections of sonicated
albumin can potentially b~ used with an on-line ultrasound
system to instantancously determine coronary flow reserve
in humans with angiographically normal coronary arteries.
This system should also be applied to asscss coronary flow
reserve in the setting of unbalanced coronary avtery discase
in humans and thus provide a quick, safe means of deter-
mining functional stenosis severity at the time of diagnostic
cardiac catheterization. However, the rolz of intramyocar-
dial blood volume changes on the flow reserve ratios ob-
tained from the time-intensity curve must be investigated, In
addition, further development in the existing on-line video
intensity analysis system to include digital storage, as well as
computer algorithms to correct for cardiac !ranslanon is
needed to ent the lication of this technique in
detecting coronary flow reserve in the cardiac catheteriza-
tion laboratory.

‘We thank Professor R. K. Elswick for his help in the stalistical analysis of the
results presented in this study,
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