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W) Check for updates

Editorial Comment

Intravascular Ultrasound
A Fantastic Voyage

Jonathan M. Tobis, MD

Welch and her compatriots are electronically

miniaturized and travel through the blood-
stream on an incredible journey where they see heart
valves and obstructions in the arterial circulation.
Like a Jules Verne science fiction prediction that
later was realized, it is now feasible to image the
venous and arterial circulation from inside the vessel
with a 1.0-mm ultrasound transducer catheter. The
latest advance in this odyssey is the ability to recon-
struct a three-dimensional representation of a human
coronary artery in vivo. This editorial will attempt to
put into perspective the study on three-dimensional
reconstruction of intravascular ultrasound images pre-
sented by Rosenfield et al! in this issue of Circulation.

See p 1938

The driving force behind the development of in-
travascular ultrasound is the need for more complete
information about the atherosclerotic plaque during
percutaneous interventions. Despite the enormous
advantages of angiography, the information that it
provides is limited to a “lumenogram,” that is, a
two-dimensional representation of a more complex
three-dimensional structure. Any conclusions about
the extent of the atheroma is derived by inference as
the plaque encroaches upon the lumen. The plaque
itself is not visualized by angiography. The depth of
the atheroma is unknown, and limited information is
available about the composition of the tissue within
the plaque. The result of these deficiencies is that
angiography underestimates the extent of atheroscle-
rotic disease.

The observations made with intravascular ultra-
sound imaging can be grouped into the following
categories: morphological information, tissue compo-
sition of the plaque, and pathophysiological observa-
tions after coronary interventions. The most striking
impression from intracoronary images is that the
extent of atherosclerosis present within the wall of

In the 1966 film “Fantastic Voyage,” Raquel
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the artery is much greater than one imagines from
the angiogram. Intravascular imaging permits for the
first time in vivo visual inspection of the atheroma as
well as quantitative analysis of the atheroma cross-
sectional area. The mean cross-sectional atheroma
area at the level of coronary angioplasty sites is
8.7+3.4 mm? which corresponds to a mean of
63+15% of the available area bounded by the me-
dia.2 This is an enormous amount of residual material
that is left behind after a clinically successful angio-
plasty. The ability to visualize this phenomenon with
ultrasound imaging in the living patient at the time of
the procedure has a humbling effect on the interven-
tionalist. It may help to explain the high rate of
restenosis and raises the question whether there is a
different morphology or atheroma burden in the
cases without recurrent stenosis.

Even at the angiographically normal sections of the
coronary artery, ultrasound imaging reveals a sub-
stantial amount of atheroma that was not appreci-
ated by angiography. At angiographically normal
segments, the mean cross-sectional atheroma area is
4.7+3.2 mm? which corresponds to a mean of
35%23% of the available area bounded by the media.
This finding is consistent with the results of patho-
logical studies in autopsy.3-5

The second area where intravascular imaging has a
significant impact is the description of tissue charac-
teristics of the atherosclerotic plaque. Ultrasound
energy travels through the arterial wall and is differ-
entially reflected by various components within the
plaque. The backscatter of sound waves from colla-
gen and elastin is much stronger than that from
smooth muscle cells.6 This is of fundamental impor-
tance because it permits the identification of the
muscular media as a hypoechoic circle in distinction
to the echoreflective adventitia and intima.”.8 More-
over, ultrasound is exquisitely sensitive to the pres-
ence of calcium, with intense echo reflection and lack
of penetration beyond the area of calcification. This
information can be used to approximate the rigidity
of the plaque and correlates with the incidence of
plaque fractures after balloon angioplasty. The vari-
ations in ultrasound backscatter permit the in vivo
discrimination between fibrous tissue, calcification,
lipid, and thrombus.%-10

The third potential for intravascular ultrasound is
the unique ability to provide information about the
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pathophysiology of the arterial wall in vivo.11.12 Initial
intravascular ultrasound studies reveal six basic pat-
terns of plaque morphology after percutaneous trans-
luminal coronary angioplasty (PTCA).13.14 Intravas-
cular ultrasound demonstrates plaque fractures and
dissections more clearly than angiography. The struc-
ture as well as the rigidity of the plaque (approximat-
ed by the extent of calcification) appears to influence
the response of the individual stenosis to balloon
dilation. Intravascular ultrasound imaging also dem-
onstrates pulsatile reflections within these dissection
planes, which documents that blood is flowing in
them. Ongoing longitudinal studies suggest that the
ultrasound morphological patterns predict which le-
sion is more likely to develop restenosis.

The study by Rosenfield et al' documents the use
of a computer program that digitizes sequential
cross-sectional tomographic ultrasound images of a
peripheral or coronary artery and displays the images
in a stacked format along the length of the artery.
The resultant X-Y-Z planes of digital information
provide volume elements or voxels that can be ma-
nipulated to reconstruct any orientation of the im-
ages in three-dimensional space. The presentation
format is visually appealing because it recreates our
anatomical orientation as if we had the artery in
hand. The three-dimensional representation of the
artery lumen and atheroma morphology demon-
strated by Rosenfield et al provides all the informa-
tion of the cross-sectional acquisition images; in
addition, the longitudinal projections are more pleas-
ing and acceptable to clinicians who are comfortable
with similar projections from angiography.

Rosenfield et al demonstrate three other beneficial
aspects of the three-dimensional presentation of
intravascular ultrasound images. First, the sagittal
(or longitudinal) format permits limitless orthogonal
views as the artery segment is bisected in incremental
rotation around the long axis. This cannot be
achieved by angiography because of artery overlap
and limits on x-ray tube positions. Second, the path-
way of a catheter in a plaque can be clearly delin-
eated during recanalization or the complex morphol-
ogy of a dissection can be reconstructed. Third, the
cylindrical format permits the endoluminal surface to
be observed en face, which may be useful for proce-
dures such as stent implantation or laser radiation.
Although we may be more comfortable with the
three-dimensional format, a word of caution is advis-
able. The three-dimensional reconstruction is not
more accurate than the quality of the tomographic
images that produce it. Artifacts can be introduced
during the reconstruction, which depends on a constant
pullback in the Z-axis and unchanged orientation of the
catheter in the lumen relative to the X-Y plane. The
reconstruction also straightens out the artery, which
misrepresents bends and tortuous topology.

From the combined research in this area, one
conclusion is clear: For the first time, there is a tool
for directly visualizing coronary atherosclerosis in
living patients. Intravascular ultrasound has advan-
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tages over angiography because it provides more
information about the disease process. Whereas the
images from angiography are used to infer conclu-
sions about atherosclerotic disease, the conclusions
from intravascular ultrasound are drawn from direct
observations of the atherosclerotic tissue. As demon-
strated in previous reports, the cross-sectional ultra-
sound images correspond closely with histological
preparations.’5-17 In several respects, intravascular
ultrasound images are superior to histological analy-
sis: First, the images are acquired under physiological
conditions in living patients and provide information
about arterial wall motion that is unobtainable from
histology. Second, images can be performed before as
well as after an intervention as distinguished from
histology, which captures the morphology at one
point in time. Third, three-dimensional reconstruc-
tion of the tomographic ultrasound images repro-
duces the arterial anatomy along the length of the
vessel, which is not feasible with histological imaging.

There are now three forms of imaging atheroscle-
rosis: angiography, histology, and intravascular ultra-
sound. Each one provides certain insights and advan-
tages that are unavailable from the other modalities.
Angiography is easiest to perform and will continue
to be used routinely for diagnosis and intervention.
Histology will remain the method of confirmation but
will be used when all else has failed. Intravascular
ultrasound, in combination with three-dimensional
reconstruction, provides the most information be-
cause it visualizes the entire plaque and may well
evolve into a routine procedure for many diagnostic
catheterizations.

The cardiac catheterization laboratories of the
future will have to support this new technology. I
submit that future cardiac catheterization laborato-
ries will have intravascular ultrasound imaging com-
puters built into their systems. The ultrasound im-
ages will be displayed on the central video screen,
and digital roadmapping will consist of an angiogram
and the three-dimensional reconstruction ultrasound
images displayed above the catheterization table for
guidance during PTCA, atherectomy, stent implan-
tation, or laser interventions. Newer interventional
devices are currently under investigation that com-
bine balloon, atherectomy, or laser technology with
direct intravascular ultrasound guidance of plaque
position and morphology. In addition, the intravas-
cular ultrasound imaging catheter could be combined
with a Doppler analysis of velocity to measure abso-
lute coronary blood flow for the first time in humans.

These unique capabilities of intravascular ultra-
sound for visualizing the plaque components and for
measuring the atheroma cross-sectional area with a
higher sensitivity than angiography lead us to pro-
pose that intravascular ultrasound imaging will be-
come the new gold standard for quantitative studies
that attempt to measure arterial atheroma or assess
the acute or chronic effects of interventional proce-
dures. This new technology represents an opportu-
nity to extend our knowledge about the atheroscle-
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rotic process in living patients. The article by
Rosenfield et al provides eloquent insight as to how
this powerful imaging tool will be applied.

References

1. Rosenfield K, Losordo DW, Ramaswamy K, Pastore JO,
Langevin RE, Razvi S, Kosowsky BD, Isner JM: Three-
dimensional reconstruction of human coronary and peripheral
arteries from images recorded during two-dimensional intra-
vascular ultrasound examination. Circulation 1991;84:1938-1956

2. Tobis JM, Mallery JA, Lehmann K, Zalesky P, Griffith J,
Gessert J, Moriuchi M, McRae M, Mahon D, Dwyer M-L,
Greep N, Henry WL: Intravascular ultrasound imaging of
human coronary arteries in vivo: Analysis of tissue character-
izations with comparison to in vitro histological specimens.
Circulation 1991;83:913-926

3. Warnes CA, Roberts WC: Comparison at necropsy by age
group of amount and distribution of narrowing by atheroscle-
rotic plaque in 2,995 five-mm long segments of 240 major
coronary arteries in 60 men aged 31 to 70 years with sudden
coronary death. Am Heart J 1984;108:431-435

4. Farbe A, Virmani R, Atkinson JB, Kolodgie FD: Plaque
morphology and pathologic changes in arteries from patients
dying after coronary balloon angioplasty. J Am Coll Cardiol
1990;16:1421-1429

5. Waller BF: “Crackers, breakers, stretchers, drillers, scrapers,
shavers, burners, welders, and melters”: The future treatment
of atherosclerotic coronary artery disease? A clinical-
morphologic assessment. J Am Coll Cardiol 1989;13:969-987

6. Yock PG, Linker DT, White NW, Rowe MH, Selmon MR,
Robertson GC, Hinohara T, Simpson JB: Clinical applications
of intravascular ultrasound imaging in atherectomy, in Bom N,
Roelandt J (eds): Intravascular Ultrasound. Dordrecht/Boston/
London, Kluwer Academic Publishers, 1989, pp 117-125

7. Pandian NG, Kreis A, Brockway B, Isner JM, Sacharoff A,
Boleza E, Caro R, Muller D: Ultrasound angioscopy: Real-
time, two-dimensional intraluminal ultrasound imaging of
blood vessels. Am J Cardiol 1988;62:463—-494

8. Nissen SE, Grines CL, Gurley JC, Sublett K, Haynie D, Diaz
C, Booth DC, DeMaria AN: Application of a new phased-
array ultrasound imaging catheter in the assessment of vascu-

10.

11.

12.

13.

14.

15.

16.

17.

lar dimensions: In vivo comparison to cineangiography. Circu-
lation 1990;81:660-666

. Potkin BN, Bartorelli AL, Gessert JM, Neville RF, Almagor

Y, Roberts WC, Leon MB: Coronary artery imaging with
intravascular high-frequency ultrasound. Circulation 1990;81:
1575-1585

Gussenhoven EJ, Essed CE, Lancee CT, Mastik F, Frietman
P, Van Egmond FC, Reiber J, Bosch H, Van Urk H, Roelandt
J, Bom N: Arterial wall characteristics determined by intra-
vascular ultrasound imaging: An in vitro study. J Am Coll
Cardiol 1989;14:947-952

Isner JM, Rosenfield K, Losordo DW, Kelly S, Palefski P,
Langevin RE, Razvi S, Pastore JO, Kosowsky BD: Percutane-
ous intravascular ultrasound as adjunct to catheter-based
interventions: Preliminary experience in patients with periph-
eral vascular disease. Radiology 1990;175:61-70

Hodgson McB, Graham SP, Savakus AD, Dame SG, Stephens
DN, Dhillon PS, Brands D, Sheehan H, Eberle MJ: Clinical
percutaneous imaging of coronary anatomy using an over-the-
wire ultrasound catheter system, in Bom N, Roelandt J (eds):
Intravascular Ultrasound Techniques, Developments, Clinical
Perspectives. Dordrecht, Netherlands, Kluwer Academic Pub-
lishers, 1989, pp 189-199

Tobis JM, Mallery JA, Gessert J, Griffith J, Mahon D, Bessen
M, Moriuchi M, McLeay L, McRae M, Henry WL: Intravas-
cular ultrasound cross-sectional arterial imaging before and
after balloon angioplasty in vitro. Circulation 1989;80:873-882
Tobis JM, Mahon D, Honye J, Gessert J, Dwyer M-L, Griffith
J, Henry WL: Cross-sectional morphology of balloon dilation
in vivo by intravascular ultrasound (abstract). J Am Coll
Cardiol 1991;17:157A

Yock PG, Johnson EL, David DT: Intravascular ultrasound:
Development and clinical potential. Am J Card Imaging 1988;
2:185-193

Mallery JA, Tobis JM, Griffith J, Gessert J, McRae M,
Moussabeck O, Bessen M, Moriuchi M, Henry WL: Assess-
ment of normal and atherosclerotic arterial wall thickness with
an intravascular ultrasound imaging catheter. Am Heart J
1990;119:1392-1400

Nishimura RA, Edwards WD, Warnes CA, Reeder GS,
Holmes DR, Tajik AT, Yock PG: Intravascular ultrasound
imaging: In vitro validation and pathologic correlation. J Am
Coll Cardiol 1990;16:145-154





