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Intravascular Ultrasound Imaging in Human Peripheral and
Coronary Arteries in Vivo

MsaniTo MorrucHi, M.D., SaTosHi Sarro, M.D., Junko HoNYE, M.D.
Yasvuo Tamura, M.D., Kazudira HiBrva, M.D., Rika MorrucHi, M.D.
Tomoniko Kamata, M.D., Masazuwmi Tsuir, M.D., Tsuneo Mizumura, M.D.
DoN MaHoN, M.D ¥ JouN A. MALLERY, M.D ¥
AND JONATHAN M. Tosis, M.D#

To detemine the feasibility of intravascular ultrasound imaging in vivo, a
miniaturized high frequency transducer catheter was introduced into human
peripheral (n=10) and coronary (n=4) arteries. Cross-sectional ultrasound im-
ages were obtained from iliofemoral arteries in 10 patients using a 20 MHz
transducer catheter (1.2 mm in diameter) and from coronary arteries in 4 pa-
tients using a 30 MHz transducer catheter 5 French size (Fr) following success-
ful coronary angioplasty. Ultrasound images obtained from peripheral arteries
showed a three-layered appearance (echo-reflective intima, echo-lucent media
and echo-reflective adventitia) in the normal arteries. In diseased arteries, the
location, amount and extent of atheromatous plaque were clearly documented.
The arterial diameters measured by ultrasound closely correlated with the
measurements by angiography (r=0.91) in the peripheral arteries. Coronary
angiograms obtained following balloon angioplasty revealed smooth edges at
the dilatation sites without significant narrowing in all patients. However, a sig-
nificant amount of residual atheromatous plaque was clearly observed on the
ultrasound images at the previously dilated sites. Coronary dissection, which
was identified as an echo-lucent area behind the plaque, was noted in 2 pa-
tients. Ultrasound images also revealed the presence of calcium in the plaque
which was unrecognized on the angiograms in 3 patients. In addition, direct
measurement of the lumen cross-sectional area was possible on the ultrasound
images.

These results indicate that (1) the clinical use of intravascular ultrasound im-
aging catheters is feasible in human peripheral and coronary arteries in vivo, (2)
both quantitative and qualitative assessments of atheromatous plaque are possi-
ble, and (3) this device will be useful for determining the quantitative and mor-
phologic changes following coronary angioplasty.

(Jpn Circ J 1992; 56: 578 —585)

INTRAVASCULAR ultrasound imaging is a  in cross-section. In vitro studies have shown

new modality which provides visualiza-  the accuracy and consistency of this method
tion of the arterial lumen and wall structures ~ when compared with histology!—¢ With
technologic advances in catheter design,
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Fig.1. Aniliac artery angiogram and correspond-
ing ultrasound image. There is no ather-
osclerotic narrowing on the angiogram;
however, fibrous thickening of intima is
demonstrated on the ultrasound image.
Three-layered appearance of the arterial
wall (echo-reflective intima, echo-lucent
media and echo-reflective adventitia) is
noted in the rest of the artery.

Fig.2. A femoral artery angiogram following
atherectomy and the corresponding ultra-
sound image. The location and thickness
of the residual plaque is clearly visualized
on the ultrasound image.

rize our peripheral and preliminary coronary
artery studies in vivo.

METHODS

(1) Intravascular ultrasound imaging catheter

Two different models of intravascular
ultrasound imaging catheter were used. A
flexible intravascular ultrasound catheter
(Intertherapy Inc. Costa Mesa, CA) was
used in the peripheral artery study which was
conducted at the University of California,
Irvine. This catheter consists of a 20 MHz
transducer subassembly and a 1.6 mm plastic
introducing sheath. The transducer assembly
is 1.2 mm in diameter and is connected to a
motor-driven unit. The catheter is driven at
1800 rpm and real-time images are obtained
at 30 frames per second. In the coronary
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Fig.3. An angiogram from a large iliac artery
and corresponding ultrasound image.
Although the shape of the artery is irregu-
lar on the ultrasound image, there is no
evidence of intimal thickening. Angiogra-
phy also demonstrated a normal ilac
artery. This phenomenon is thought to be
due to inadequate alignment of the cathe-
ter. When the artery is too large, it is
often difficult to position the catheter par-
allel to the long axis of the artery and dis-
tortion of the image occurs.
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Fig.4. Relation between ultrasound images and
angiography in measuring the diameter of
iliofemoral arteries. There was a good
correlation (r=0.91) between measure-
ments made by the two methods.

artery study which was performed at Nihon
University, Tokyo, a commercially available
5 Fr. ultrasound catheter (Cardiovascular
Imaging System), containing a 30 MHz fixed
crystal and mirror which was rotated
mechanically at 1800 rpm was used. The
catheter is advanced by a monorail system
using a 0.014 guidewire.

(2) Procedures

A: Peripheral artery imaging

Ten patients were studied after obtaining
informed consent approved by the Human
Subjects Review Committee. Intravascular
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Fig.5. A: Left coronary angiograms in right anterior oblique projection before and after

coronary angioplasty.

A 77% stenosis was noted at the proximal portion of the left anterior descend-
ing coronary artery before coronary angioplasty (upper panel, arrow). Fol-
lowing coronary angioplasty, the stenosis was reduced to 22% and was still pa-

tent 10 months later (lower panel).

B: An intracoronary ultrasound image obtained from the left anterior descending
coronary artery following coronary angioplasty. These is a large amount of re-
sidual atheromatous plaque at the previously dilated site. An echo-lucent
plane suggesting a dissection is noted behind the plaque from 4 to 12 o’clock

(asterisk).

ultrasound imaging of the iliac and femoral
arteries was performed at the time of cardiac
catheterization or during peripheral angio-
plasty.

The ultrasound catheter was introduced
retrograde into the iliac artery or antegrade
into the femoral artery. Cross-sectional
ultrasound images were obtained along the
length of the artery and stored onto the
computer disk. Then angiography was per-
formed and the arterial diameters were
measured at the site where the ultrasound
images were obtained.

B: Coronary artery imaging
Four patients gave written, informed con-
sent. Following successful coronary balloon
angioplasty, the guiding catheter was
replaced with a 9 Fr. guiding catheter to
accomodate the ultrasound device. The
previously dilated section of the artery was
recrossed with a 0.014 guidewire. Over

the guidewire, the ultrasound catheter was
advanced into the coronary artery and posi-
tioned at the previously dilated site. Cross-
sectional ultrasound images were obtained
and stored onto the computer disk. The
measurements obtained by the ultrasound
catheter were compared to those from
angiography.

RESULTS

(1) Peripheral artery imaging

High resolution real-time ultrasound im-
ages were obtained in all 10 patients without
any complication. Fig. 1 shows an ultra-
sound images obtained from an iliac artery
and the corresponding angiogram. There
is no evidence of atherosclerosis on the
angiogram; however, a thickened intima is
seen at the lower-left portion on the ultra-
sound image. A bright halo reflection is

Japanese Circulation Journal Vol.56, June 1992
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Fig.6. A: Left coronary angiograms in right anterior projection of a patient with acute
myocardial infarction. There was a 95% stenosis at the proximal portion of
the left anterior descending coronary artery on the initial angiogram (upper
panel, arrow) which was successfuly dilated by balloon angioplasty (middle
panel). Angiogram obtained 2 weeks later also demonstrated a patent lumen
with no evidence of dissection (lower panel).

B: An intracoronary ultrasound image from the left anterior descending coronary
artery 2 weeks after emergency angioplasty. The lumen is adequately opened,;
however, there is a dissection plane behind the plaque from 2 to 12 o’clock
(asterisk). Circular fibrocalcific plaque is only evident on the ultrasound im-

age.

noted around the central black area of the
transducer. This finding is consistent with
our in vitro studies which demonstrated that
the ultrasound image of an artery is mildly
attenuated with the presence of blood!! Fig.
2 illustrates an ultrasound image obtained
from a femoral artery following a successful
atherectomy. The angiogram showed only a
20% residual stenosis at the site of
atherectomy. On the ultrasound image,
however, there was residual atheroma on
the top of the image and the edge of the
atheroma was sharp. This finding is con-
sistent with an in vitro study which showed a
similar pattern of an “atherectomy bite” fol-
lowing atherectomy? An ultrasound images
obtained from a larger iliac artery is shown
in Fig. 3. Although the angiogram demon-
strated no apparent lesion, the shape of the

Japanese Ciradlation Joural — Vol.56, June 1992

artery was non-circular. Close inspection of
the images in real-time revealed that there
was no evidence of intimal thickening in all
portion of this artery. This phenomenon is
thought to be related to inadequate axial
alignment of the catheter. There was a good
correlation between the angiograms and
ultrasound images in measuring the diameter
of the artery (Y=0.72X+1.4, r=0.91, Fig.
4).

(2) Coronary artery imaging

Coronary artery imaging was also per-
formed without any complication in all four
patients. Representative cases are briefly
described below.

Patient 1: A 65 y/o male patients was
admitted to our hospital because of severe
anterior chest pain. Coronary angiography

NII-Electronic Library Service
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Fig.7. A: Left coronary angiograms in right anterior projection before and after coron-
ary angioplasty. There was a 75% stenosis at the middle portion of the left
circumflex coronary artery (left panel) which was dilated by balloon angio-
plasty with a smooth residual appearance (right panel).

B: Intracoronary ultrasound images obtained from left main trunk and left cir-
cumflex coronary and corresponding angiogram following coronary angioplas-
ty. At the site of dilation, the lumen is adequately opened but residual eccen-
tric plaque is still documented. In this artery, these is no evidence of plaque
fracture or dissection. Ultrasound images also revealed fibrous thickening
even at the angiographically normal portions (left maintrunk, proximal and

distal to original stenosis).

revealed a 77% stenosis at the midportion of
the left anterior descending coronary artery
(LAD) (Fig.5A, upper panel). Coronary
angioplasty was performed in a standard
manner and the stenosis was reduced to 22%
following successful dilation. Ten months
later he underwent repeat cardiac
catheterization which showed no evidence of
restenosis. The lumen was persistently pa-
tent and the arterial wall was smooth on the
angiogram (Fig. 5A, lower panel). Ultra-
sound imaging of this artery, however,
demonstrated a significant circumferential
atherosclerotic lesion which contained hard
calcified plaque. In addition, a dissection
plane was identified as an echo-lucent band
behind the thickened intima (Fig. 5B). The

lumen cross-sectional area determined by
ultrasound was 3.6 mm? This represented
20% of the available area bounded by the
media.

Patient 2: A 55 y/o male was admitted to
our hospital because of acute anterior
myocardial infarction. Emergency coronary
angiography revealed a 95% stenosis at the
mid-portion of the LAD associated with
reduced flow of contrast (TIMI grade 2) (Fig.
6A, upper panel). Because of the persistency
of the chest pain, coronary angioplasty was
performed with a 2.5mm balloon. After
balloon dilatation, the residual coronary
stenosis was 50% and there was no evidence
of dissection (Fig. 6A, middle panel). Re-
peat coronary angiography performed 2

Japanese Circulation Journal Vol.56, June 1992
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weeks later demonstrated a patent lumen
with no evidence of restenosis-and coronary
stenosis was measured at 34% (Fig. 6A,
lower panel). On the ultrasound image
obtained at the level of the previous balloon
dilatation, the cross-sectional lumen area was
6.3 mm?2 which represented a 30% lumen
stenosis. An echolucent area consistent with
a dissection plane was noted behind the
fibrocalcific plaque (Fig. 6B).

Patient 3: A 58 y/o male patient with acute
inferior infarction was transferred to our
hospital after receiving 2400104 units of
tissue plasminogen activator. Emergency
coronary angiography performed on the next
day revealed successful reperfusion but there
was a 95% residual stenosis in the mid-
portion of the left circumflex coronary artery
(LCX) (Fig.7A, left panel). Coronary
angioplasty was performed and there was no
apparent residual stenosis on the angiogram
(Fig. 7A, right panel). The ultrasound cathe-
ter was then advanced into the left coronary
artery and images were obtained along the
length of the LCX artery. At the site of
dilatation, there was an eccentric stenosis
from 3 to 9 o’clock. This represented a 45%
cross-sectional area stenosis. However, there
was no evidence of an intimal tear or
dissection (Fig. 7B). Although the left main
trunk, and proximal and distal sites to the
original stenosis were judged to be normal on
the angiogram, the ultrasound images clearly
demonstrated the presence of eccentric
fibrous plaques.

DISCUSSION

Angiography has been the gold standard
for assessing lesion severity for many years!?
However, there are several limitations to
projection imaging techniques such as
angiography. Visual interpretation of angio-
grams is known to have substantial intra-and
interobserver variability, and postmortem
measurements do not correlate well with
angiographic  findings!3—1¢  Intravascular
ultrasound imaging may be more accurate for
determining stenosis severity because it
provides cross-sectional images of the vessel
which provides the opportunity to directly
measure the lumen cross-sectional area.
Several in vitro studies have demonstrated
excellent correlations between ultrasound

Japanese Circulation Journal Vol.56, June 1992
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images and histologic sections!—¢ Hodgson
et al reported a good correlation between
ultrasound and histology in measuring vessel
cross-sectional area! Mallery et al compared
the wall thickness of the artery measured by
ultrasound to the measurement by histology
and obtained a good correlation between the
two methods® Moreover, cross-sectional
areas of artificial stenoses in a plastic
tube model were more accurately measured
by ultrasound imaging than by
roentgenography!’

In the peripheral artery study, ultrasound
images were obtained from angiographically
normal iliofemoral arteries. Our results
clearly demonstrate that high resolution real-
time ultrasound imaging can be obtained
from humans in vivo. The three-layered
appearance of the artery (intima, media and
adventitia) was visualized in the normal
arteries, and the extent and location of the
atheromatous plaque was precisely detected.
The fact that atheromatous plaque was
depicted even at angiographically normal
segments, indicates that intravascular ultra-
sound is more sensitive than angiography for
detecting early atherosclerotic changes?
Quantitative and qualitative analysis by
ultrasound may be useful for evaluating
progression or regression of atherosclerosis.

Precise assessment of the atherosclerotic
lesion is also important for patients treat-
ed with atherectomy. Theoretically,
atherectomy removes only atheromatous
plaque protruding into the lumen? However,
initial clinical trials demonstrate that not
only atheromatous plaque but also muscular
media or adventitita is occasionally removed
as well!8 Adequate visualization of ather-
omatous plaque by intravascular ultrasound
imaging may aid in directing the atherectomy
device to the target site. The good correla-
tion found between the angiographic and
ultrasound measurements of arterial diameter
indicate the accuracy of ultrasound. This is
probably because we selected patients who
had normal arteries on angiography. Poorer
correlation may be obtained if significantly
atherosclerotic arteries are used. However,
in this case, ultrasound may be more accurate
in determining the severity of the stenosis
because ultrasound directly measures the
artery cross-sectional area.

Since its introduction in 1977, coronary
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angioplasty has gained wide acceptance as a
non-surgical form of therapy for coronary
artery disease. However, the mechanism of
angioplasty is still unclear. Morphologic and
histologic changes have been reported from
human autopsy studies by several in-
vestigators!®-20 However, these results only
represent a small subset of patients who
undergo coronary angioplasty. Thus the
mechanism of dilatation observed in patients
with clinically successful angioplasty has not
been elucidated.

Ultrasound images obtained from coronary
arteries clearly demonstrate that there is a
large amount of residual atherosclerotic
disease following successful coronary angio-
plasty even though there is only mild residual
narrowing on angiography. Calcification was
“also evident on the ultrasound images only in
3 patients. Moreover, dissection planes
which were unrecognized on the angiogram

were noted behind the atheromatous plaque

in 2 patients. In addition to the qualitative
analysis, it was possible to directly quantitate
lumen cross-sectional area and atheroma area
on the ultrasound images. Tobis et al recent-
ly classified ultrasound images following
coronary angioplasty into 6 categories accord-
ing to the morphologic patterns depending on
the presence of plaque fracture or dissection
and suggested that the primary mechanism of
dilatation was fracture of the plaque in most
cases!® Our experience is limited and our
conclusions from this present study must be
tentative. However, it is clear from these
combined studies that intravascular ultra-
sound is more sensitive than angiography in
determining the arterial wall changes follow-
ing coronary angioplasty. It is anticipated in
the near future that accumulation of more
data will provide clues to understand the
mechanism of successful coronary angioplas-
ty.
There is some image degradation when
images are obtained in vivo compared to in
vitro. To obtain a good image, it is important
to align the catheter parallel to the long axis
of the artery, otherwise the distorted image
may lead to misinterpretation. This phe-
nomenon is more likely to occur in a large
artery as shown in Fig. 3 or a tortuous artery
segment. We also previously reported that
there is an attenuation of image intensity
when blood or contrast material is used as the

Advances in Cardiovascular Imaging

fluid medium instead of saline solution!!
Moreover, if there is a hard calcified plaque,
measurement of atheroma area or visualiza-
tion of a dissection plane may be impossible.
It is also difficult to differentiate a thrombus
from soft fibrous plaque. Thus it is important
to consider the influence of these factors in
order to precisely interpret ultrasound images
obtained in vivo.

In summary, our results demonstrate that
(1) intravascular ultrasound imaging is feasi-
ble in human peripheral and coronary arteries
in vivo, that (2) high quality real-time images
are obtainable and both qualitative and
quantitative analysis of atheromatous plaque
are possible and that (3)quantitative and
morphologic changes following coronary
angioplasty could be assessed more precisely
by ultrasound than angiography. Further
clinical trials will be needed to define the
role and significance of this new imaging
technology.
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