
Myocardial infarction, commonly
known as a heart attack, is a
leading cause of death world-

wide. It was once believed that large
plaques within the coronary arteries
caused heart attacks. Since the mid 1980s,
however, it has become apparent that
heart attacks occur from the rupture of
small plaques in the coronary arteries.
When these plaques rupture, they release
lipids into the blood stream. A clot forms,
and the vessel occludes.
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There are no techniques that can reli-
ably identify these small plaques in vivo.
Since one-third of myocardial infarctions
result in sudden death, this inability to
identify small plaques is of particular con-
cern. Based on these statistics, there is a
clinical need for an imaging modality that
identifies lesions prior to rupture. Simi-
larly, coronary catheter-based interven-
tions, such as stent placement, have been
shown to benefit from high-resolution
guidance.

High-frequency ultrasound
Large coronary lesions, the source of exer-
tion chest pain called angina, are often
treated with intracoronary stents. Simul-
taneous imaging with high-frequency ul-
trasound has advanced our knowledge of
stenting. With increased knowledge and
technology, both the immediate and the
long-term results of stenting procedures
may improve. For example, in the CRUISE
study, 44% of the patients who received a
high-frequency intravascular ultrasound



In two publications—funded through
the National Heart Lung and Blood Insti-
tute (NHLBI), the National Cancer Insti-
tute (NCI), and the National Institute of
Arthritis and Musculoskeletal Disease
(NIAMS)—we directly compared OCT
resolution with IVUS. OCT proved supe-
rior to high-frequency ultrasound both
quantitatively and qualitatively. The OCT
resolution was 16±1 µm compared with
110±7 µm for IVUS.

We have also demonstrated in vivo im-
aging in a rabbit model. With the presence
of a saline flush, high-resolution structur-
al imaging of the vessel wall was demon-
strated. The saline flush was required be-
cause blood caused substantial imaging 
attenuation.

A recent paper in Circulation addressed
blood attenuation. The results showed that
the serum’s refractive index could be
raised using agents such as dextran. The
serum’s raised refractive index resulted in
reduced red blood cell scattering and a sig-
nificant increase in blood penetration.

Index matching may become a useful
method for increasing blood penetration
without a saline flush or occlusion bal-
loon. At a recent meeting of the American
Heart Association, a group from Massa-
chusetts General Hospital demonstrated
in vivo imaging in humans.

Lightlab (Westford, Massachusetts) is
now commercializing OCT imaging in the
cardiovascular system. Using OCT imag-
ing, Lightlab produced several images. Fig-
ure 1 shows a coronary artery in vitro im-
age. In this figure, a lesion within the coro-
nary artery intimal can be identified. The
cap over the lesion is less than 65 µm. Fig-
ure 3 shows in vivo imaging of a pig coro-
nary artery. The layered structure can be
clearly delineated.

Conclusion
OCT represents an attractive new technol-
ogy for guiding intravascular imaging. Fu-
ture work will focus on increasing the ac-
quisition rate, overcoming problems asso-
ciated with imaging through blood, and
decreasing catheter size.
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Figure 1. Lesion within the coronary artery with
an overlying cap less than 65 µm in thickness.

Figure 2. Diseased coronary artery with a lesion,
to the left, deep within the artery. Besides identify-
ing the multilayered structure deep within the tis-
sue, the thick intimal overlying the lesion is 
noted.

Figure 3.Coronary artery with intimal hypertro-
phy, as identified by the relatively thick inner layer.

(IVUS) guidance procedure did not need
to undergo revascularization.

Although these results are encouraging,
high-frequency ultrasound has several dis-
advantages. First, the catheters are too
large to cross many lesions. Ideally, the
catheters would function better in
guidewire form. Also, high-frequency ul-
trasound’s inferior resolution hampers 
the ability to assess plaques prior to inter-
vention.

Techniques with superior resolution
could help determine the appropriate pro-
cedure to perform on plaques. Such tech-
niques could also assess the effectiveness of
intravascular procedures, including stent
approximation to the vessel wall.

Optical coherence tomography
Recently, optical coherence tomography
(OCT) has demonstrated considerable
potential for high-resolution vessel-wall
assessment. OCT is analogous to ultra-
sound, measuring the infrared light’s
backreflection rather than sound. With
OCT, low-coherence interferometry is
used to perform ranging.

OCT has several advantages as an in-
tracoronary imaging technology. First, its
resolution, between 4-20 µm, is up to 25x
higher than anything available in clinical
medicine. Since OCT is based on fiber-op-
tic technology, catheters can be engineered
into small, cross-sectional diameters. Un-
like an ultrasound catheter, there is no
transducer within the frame. Instead, the
catheter consists of a single-mode optical
fiber and simple light-directing devices.
This setup has the additional advantage of
making the catheter inexpensive.

OCT is also near video rate, with acqui-
sition rates at four to eight frames per sec-
ond. Approximately the size of an ultra-
sound machine, OCT systems are compact
and portable. Another benefit is that OCT
can be combined with a range of spectro-
scopic techniques, including polarization
and absorption spectroscopy.

Published results
In Circulation, we originally demonstrated
that OCT identified vulnerable plaques
that cause most heart attacks. OCT was
successful in differentiating lipids from
nonlipids. In addition, OCT identified the
intimal over the lipid collection to less
than 60 µm in diameter.


