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ABSTRACT

Myocardial contrast two-dimensional echocardiography (MC-2DE) is a new tech-

nique to study myocardial perfusion imaging. Whether quantitative analysis of MC-2DE has any

clinical significance is not known,

We studied 12 patients during cardinc catheterization and corenary arteriography by MC-2DE,

using sonicated iopamidol (microbubble size 12 + 4 um) as the echocontrast agent. Selective intracor-
onary injections of 4 cc were performed into the left [11] and right [2] coronary artery. Two-
dimensional echocardiograms were made before, during, and after injection from the apical four-
chamber view.

The coronary artery stenosis was calculated by automated boundary detection from the digitized
cine arteriograms and expressed as percentage area stenosis (%S); also the absolute minimal luminal
area (L) was calculated. From the MC-2DE video images, end-diastolic frames were chosen for
digitization and videointensity measured from a region of interest at basal or midseptal level. ‘This
analysis reveals a curve of echo intensity versus time. From these curves, total curve area (A), curve
duration (T), and time from peak intensity to 50% intensity decay (T50) were measured. Multiple
regression analysis reveals the best correlation between %S and A (A = 52.48. e3-92%5, p < 0001; r
= 0.89). Correlations between %S, L, and T and T50, respectively, were less. Thus MC-2DE
quantitative analysis shows a good agreement with anatomical size of coronary artery stenosis. These
findings might have important clinical implications for future follow-up of various therapeutic proce-
dures such as transluminal sngioplasty thrombolysis.
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INTRODUCTION

Two-dimensional echocardiography is an excellent tool to
assess cardiac dimensions and function. Recent development
of myocardial contrast two-dimensional echocardiography
(MC-2DE) shows promising results in experimental studies
[1-5]. Whether these experimental studies have any clinical
significance is not known yet. We studied MC-2DE quanti-
tatively in patients with coronary artery disease to assess
myocardial blood flow, and we related the findings to the
results of quantitative coronary arteriography (CAAS). In
this way we were able to relate regional myocardial blood
flow imaging to the area of coronary artery stenosis. For the
echocontrast agent a newly developed and reproducible
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method of sonication was used [6]. This contrast agent
contains small microbubbles that do not obstruct capillary
flow [7].

MATERIALS AND METHODS

Sixteen patients were selected for this study before cardiac
catheterization after informed consent. The research protocol
was approved by the Thoraxcenter Medical Ethical Commit-
tee. In particular it was agreed that the total catheterization
procedure may not be prolonged by more than 10 min, Four
patients showed technically inadequate echo recordings for
analysis. Therefore 12 patients participated in the present
study. All had complaints and underwent diagnostic coronary
arteriography. Patients with valvular heart disease and car-
diomyopathy were excluded from the study. Bleven patients
were male, and one patient was a female (ages: 41-73 years;
mean: 60 + 12 years). In one patient an echocontrast injec-
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Fig. 1. Digitized cine-frame from a coronary ancriogram of a right coronary
artery in LAO projeciton. Boundary detection is carried out. A plot of stenosis area is
seen at the bottom of the picture. The part for quantitative arca stenosis measurement
has been chosen by the observer. From the analysis, stenosis area and minimal luminal
arca wre calculuted, For further explunation scc text.

tion of both left main coronary artery and right coronary
artery was done.

Cardiac catheterization

After overnight fasting, patients underwent cardiac cathe-
terization by the Seldinger method using the right femoral
artery, Coronary arteriograms were made by a Judkins 7-F
catheter (dead space 1.2 cc) of standard positions, including
right anterior oblique (RAO), left anterior oblique (LAO),
left superior oblique (LSO), right inferior oblique (R10),
craniocaudal (CC), and inferior (I) or lateral (LAT) views.

The arteriograms were analysed off line to measure per-
cent area stenosis and minimal luminal area by a method
described before [8] (see also under “Analysis of coronary
arteriograms™).

Myocardial contrast two-dimensional echocardiography
(MC-2DE)

A commercially available echocardiographic apparatus was
used (HP 77020 AC) with a 3.5 MHz transducer. Registra-
tions were made from the parasternal views and from the
apical four-chamber (AP4C) and long-axis views (APLAX).
These views mostly resulted in good quality images [9].

The images before injection of echocontrast were regis-
trated with the lowest gain settings possible. Images were
recorded before, during, and after echocontrast injection.
Included in the system described above was a framecounter.
The electrocardiogram (ECG) was registrated simultane-
ously with the MC-2DE images.

Sonication procedure
This method has been described hefore for producing
small and stable microbubbles [6]. Apparatus used was a W-
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225 sonicator (Heat Systems Inc.). We used iopamidol (lo-
pamiro 370%) because this contrast agent was used also for
the coronary arteriograms. Eight cubic centimeters of iopam-
idol was sonicated fo 25 s (20 kHz; duty cycle 50%; energy
setting 7) with the titanium tip about 1/2 cm below the
surface of the liquid. From this solution, which was prepared
under sterile conditions, a total of 4 cc was injected via the
7-F Judkins catheter (dead space: 1.2 cc), intracoronarily.
Velocity of injection by hand was 1-1.5 cc per s. Injections
were done twice.

Validation of sonication method

Although this method has been used before in vitro [6] by
one of the authors of the present study (F.T.C.), we repeated
the examination of microbubble sizes for iopamidol by light
microscopy. This was done by two observers (F.T.C. and
J.H.C). Microbubble size was 12 + 4 pum. Interobserver
variability was low (correlation between FI'C and JHC: r =
0.90; P < .001).

Analysis of coronary arteriograms

The segment of the coronary artery adequate for analysis
was selected before the digitization procedures by two expe-
rienced cardiologists. The method has been described before
{8). Briefly, the analysis was carried out with the CAAS
system [8]. The boundaries of the coronary segment were
selected for analysis from videodigitized images of the cine-
frame. Calibration of the diameter from the vessel was
achieved by comparing mean pixel diameter with the actual
contrast-filled diameter of the coronary catheter.

From the detected contours, the absolute area and its
minimal value (L) and percent coronary area stenosis were
calculated, assuming circular cross-sections as % area ste-
nosis (S) = [1 ~ minimal diameter/reference diameter?] X
100. An actual figure of coronary boundary measurement of
digitized cine-frame image is shown in Figure 1.

Analysis 'of MC-2DE images

From the MC-2DE video images at end-diastole, good
quality images were selected for digitization using the frame
counter. Furthermore- we used an Olivetti M24 computer,
interfaced to a home-build videoscan memory (256 kbytes).
The image had a resolution of 512 X 512 pixels. The inten-
sity scale was displayed in 128 shades of gray using 7 bits.
A region of interest was placed into the digitized image at
mid- or basal septal level by the observer, and mean pixel
intensity was measured (Fig. 2).

Six end-diastolic frames before injection and 25 end-dia-
stolic frames during and after injection were selected for
analysis. The mathematical values were stored and later on
displayed as an absolute value or plotted as an echo time-
intensity curve (Fig. 3). The intensity values before injec-
tions were subtracted from these calculations. From the
curves, peak intensity, curve area (the integral of intensity
versus time), curve duration (), and TS50 were determined.
T50 was defined as the time from peak intensity to 50% of
its decay value and was expressed in s.
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Fig. 2. MC-2DE from apical four-chamber view. Region of interest at septal Jevel is indicated by thc square.
This procedure is repeated for six end-diastolic frames before injection and for 25 frames during and afier injection.
For further explanation see text.

Statistical analysis
Multiple regression analysis between the echo-derived in-
dices and angiographic variables as described before was
performed. This allows us to calculate the best correlations
between the echo method and the CAAS measurements.
Student’s t-test was used for paired data. Statistical signifi-
cance was rcached if P < .05.
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Fig. 3. Actual time-intensity curve from MC-2DE analysis (patient 2 from Table
T). The background imtensity has been subtracied, therefore the curve starts at zero

time. The latter part of the curve was excluded for analysis. For further explanation
seo 1eAL

RESULTS
No patient developed complaints or ECG abnormalities
during injection of the echocontrast agent. In Table I the
results of the quantitative measurements of coronary artery
stenosis and the MC-2DE perfusion indices are shown.
Table II shows the results of multiple regression analysis
of the data from the CAAS and MC-2DE measurements.

TABLE L. Results of CAAS and MC-2DE

Patient No.

CA %S L A T50 T
§ Prox LAD 19 8.92 50.8 1.0 5.1
2 Mid LAD 25 495 n2 0.8 83
3 Mid LAD 25 599 102.2 1.5 6.9
4 Prox RCA 31 7.31 90.1 0.9 5.4
5 Prox LAD 18 8.57 167.7 2.5 8.7
[ Prox LAD 19 6.09 4.9 0.4 35
7 Mid LAD 34 3.95 1154 (.6 104
8 Prox LAD 43 27 12.3 1.9 5.7
9 Prox LAD 76 1.60 206.8 5.6 12.7
10 Mid LAD 53 178 133.8 3.0 1.0
it Mid LAD 69 1.11 199.3 it 12.9
12 Prox LAD 82 .53 230.5 33 8.8
12b Prox RCA 80 1.81 2877 2.5 7.0

CA, coromary artery; %S, percent curonary artery aren sieposis; L, minimal luminal arca (mm?);
A, arca under time-intensity curve (arbitrary units); T, toral curve duration time; TS0, half life of
intensity decay: T, time in 5. For further explanation see text.
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TABLE [I, Corrclation between angiographically determined coronary
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is and MC-2DR perfugion indices'

MC-2DE
A T30 T
(o Area stenosis 52.48.c 0.02%S 0.25 + 0.04. %S 11.37 — 101.49/%S
A (%S) r=0.89P < .0001 ¢ =0.77P < .000! r = 0.56 P < .0005
A Residual lumen (L) 229.08 ~ 68.5.log (L) 3.97 - 1.38log (L) 544 + 8.31/L
S (mm?) 1 =0.65P < .000! r=068P < .05 r=9069P < .05

Abbreviations: %S, % coromary artery area sienusis; L, minimal luminal area (mm?); 150, time from peak Intensity 10 50% intenshty decay (s); T,
totul duration lime of time-intensity curve (8): A, arca under time-inensity curve (arhiirary units). For ferther explanation sce text.

The best correlation was found between %S and curve area:
A = 52.48-e0.02%S;  — 0 89; P < .0001. The correlations
for all parameters studied are shown in Table II.

DISCUSSION

The results of this study show that a coronary artery
stenosis expressed as quantitative area stenosis is correlated
with curve area, T50, and curve duration as measured
from MC-2DE. However, the significance of the stenosis is
best described by curve area giving a relation of A =
52.48- €002 %S,

Furthermore, the echocontrast injections did not cause
complaints nor did they show ECG abnormalities, and thus
are considered to be safe. This method permits the calcula-
tion of MC-2DE-derived indices of myocardial perfusion
during cardiac catheterization.

From our results several conclusions can be drawn:

1. Since there is a good correlation between curve area
and percent coronary artery area stenosis, this is probably
the variable to be locked for if wider application becomes
available. This is surprising since in animal experiments
myocardial blood flow was best characterized by T1/2 (half
life of echocontrast decay) [4,5]. The reasons for this dis-
crepancy could be in the manner of injection or in the
characteristics of the echocontrast agent used.

2. From clinical and experimental studies it is known that
epicardial coronary flow is only decreased when coronary
artery diameter stenosis reaches valucs greater than 50%.
But the results of the percent study show a gradual increase
of curve area over the whole range of coronary artery arca
stenosis calculated. Therefore, the clinical situation with
longstanding coronary artery stenosis is different from the
acutely determined experimental stenosis. Compensation
mechanisms that could change myocardial blood flow have
already been in operation in the clinical setting. This remains
an interesting subject for further study.

3. It has to be mentioned that the whole procedure of
preparing the sonicated contrast agent and the registration of
the MC-2DE images did not prolong the catheterization
procedure for more than 10 min. In this respect we propose
that MC-2DE cven can be used to decrease the radiation
time since the physiologic significance of the stenosis is
known from MC-2DE analysis. This avoids the use of mul-
tiple coronary arteriograms, which are necessary for digital
subtraction angiography.

However, several limitations have to be mentioned before
a widely application is advocated. Registration of good qual-
ity images by 2DE during cardiac catherization is difficult
and requires experienced investigators. Since a good quality
image is crucial for further analysis and significantly influ-
cnces the variability of the data, we feel that image quality is
the great limiting factor. Furthermore, other limitations of
the method still persist as described by Zwehl [10]. These
include the echocontrast agent itself, use of echo equipment,
and injection variability [4].

Despite these limitations, for the first time a clinical method
is available that measures myocardial blood flow in real
time. To our knowledge, no other method exists, since most
nuclear techniques only qualitatively determine perfusion
area. Therefore we propose that the MC-2DE method is an
excellent tool to study the results of, e.g., transluminal
coronary angioplasty directly afier the procedure, or to eval-
uate the results of thrombolysis. In addition, the 2DE method
permits regional measurement of muscular function simulta-
neously with perfusion imaging [4].
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