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Abstract

The high resolution of optical coherence tomography (OCT) provides detailed

information of coronary plaque morphologies, which enable to evaluate the mechanism

of acute myocardial infarction. We describe two patients with acute myocardial

infarction in whom culprit segments were identified by optical coherence tomography

(OCT), but not by either coronary angiography or intravascular ultrasound.
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Introduction

Optical coherence tomography (OCT) is a new intravascular imaging modality with

a resolution (10 — 20 um) that is superior to that of intravascular ultrasound (IVUS).

Herein, we described two patients with acute myocardial infarction in whom OCT

provided useful intracoronary information for detection of culprit lesions and

understanding the mechanism of onset.

Case l

A 73-year-old woman with diabetes mellitus and hypertension was admitted to our

hospital with 6 hours of severe chest pain. Electrocardiography demonstrated ST

segment elevation in leads I, aVL, V2 — V5, and reciprocal ST segment depression in

leads II, 11l, aVF. Echocardiography revealed severe hypokinesis in the antero-septal

and apex wall with an ejection fraction (EF) of 42%. Emergency coronary angiography

(CAG) revealed occlusion in the proximal portion of left anterior descending artery

(LAD) (Figure 1, Al and B1). Thrombus aspiration was performed, and red colored

thrombi was retrieved (there was no picture) and thrombolysis in myocardial infarction

(TIMI) flow grade 2 was obtained. Since the recanalized vessel was small and not



reaching to the apex, we regarded it as the first major septal branch (MSB), not the main

vessel of LAD (Figure 1, A2 and B2). It was very difficult to cross the guide wire into

the occluded main vessel of LAD, because the entry site to it was not identified on CAG.

Alternatively, we performed IVUS (Atlantis SR Pro 2, Boston Scientific, Natick,

Massachusetts) and OCT (ImageWire, LightLab Imaging, Westford, Massachusetts) to

find out the entry site. Images were obtained by the pullback from the MSB. IVUS

presented the clear images of the LAD-MSB bifurcation, but no evidence of either

plague rupture or thrombi (Figure 2, B1 and B2). In contrast, OCT revealed ruptured

plaque at the LAD-MSB bifurcation, and the flap-like mass protruding into the lumen of

LAD at the LAD-MSB bifurcation (Figure 2, C1 and C2). We regarded this flap-like

mass as thrombus. Based on these images, we considered that the culprit lesion was

located in LAD side of the LAD-MSB bifurcation. However, we finally failed to cross

the guide wire to the occluded LAD. Patient was medically treated with heparin and

aspirin. Two weeks later, CAG revealed the recanalized large main vessel of LAD

reaching the apex (Figure 1, A3 and B3). Furthermore, severe stenosis was indentified

at a little distal to the LAD-MSB bifurcation. Based on these findings, we considered

that this stenotis had been possibly the culprit lesion of the present case.



Case 2

A 53-year-old man with coronary risk factors including hyperlipidemia and current

smoking was admitted to our hospital 48 hours of chest pain. Electrocardiography

demonstrated ST segment elevation in leads I, aVL, V2 — V5, and a negative T wave in

leads I, aVL, V4 - V6. Echocardiography indicated severe hypokinesis in the

antero-lateral wall with an EF of 50%. CAG revealed TIMI flow grade 3 in the LAD,

but the first diagonal branch (DB) was occluded (Figure 3, A). There was mild stenosis

with ulcer-like formation in LAD at the origin of DB (Figure 3, B). Thrombus

aspiration was performed and the removed thrombi were mainly red in color (Figure 3,

C). IVUS demonstrated the low echo plague and ulcer in a site opposite the DB, but no

thrombi (Figure 4, B1-4). On the other hand, OCT revealed lipid rich plaque and

thrombus formation in LAD at the origin of DB (Figure 4, C1-4), and ulcer with

microvessels formation (diameter < 100 um) at just proximal to LAD-DB bifurcation

(Figure 4, C2). Based on these findings, we considered that the thrombosis in LAD was

spontaneously resolved, but DB was persistently occluded. We attempted to cross the

guide wire to the occluded DB, but we finally failed. Since the main vessel of LAD was

TIMI grade 3, the patient was medically treated with heparin and aspirin.



Discussion

Optical coherence tomography is a novel invasive imaging method that can assess
coronary plaque morphology at a resolution of 10 - 20 um, which is about 10-fold
higher than that of IVUS. OCT has emerged as an exceedingly promising tool for
assessing patients with acute coronary syndrome and for detecting key features of
plagues including thin-cap fibroatheroma, plagque rupture and thrombus in such patients
1).

In case 1, OCT revealed ruptured plaque at the LAD-MSB bifurcation, and flap-like
mass in the LAD side of the LAD-MSB bifurcation. We regarded this flap-like mass as
thrombus. Thrombi on OCT are defined as masses protruding into the vessel lumen
discontinuous from the surface of the vessel wall?. OCT can identify intracoronary
thrombus with high accuracy”. Thrombus detected by OCT can present various form,
but flap-like thrombus like the present case is uncommon. Prati et al. also presented a
figure of flap-like thrombus?, but the present case was interesting in the point that the
size of flap was very large. It has been reported that OCT can distinguish the
characteristics of thrombi. Red thrombi consist mainly of red blood cells; relevant OCT
images are characterized as high-backscattering protrusions with signal free shadowing.

White thrombi consist mainly of platelets and white blood cells and are characterized by



a signal-rich, low backscattering billowing projections protruding into the lumen®. In
reality, pure white or red thrombi are rarely found; mixed thrombi, on the other hand,
are common. It was unclear whether the flap-like thrombus in the present case was red
or white thrombus. In general, when ulcerated or ruptured plaques present with
thrombus on OCT, the lesion can be defined as a “culprit’ ?. Thus, in acute phase of the
present case, OCT was helpful to convince us that the culprit lesion was located in LAD
side of the LAD-MSB bifurcation. In fact, this consideration was strongly supported by
CAG findings in chronic phase.

In case 2, CAG showed occlusion in DB and TIMI-3 grade flow in main vessel of
LAD. These findings might lead us to misunderstanding that DB was the culprit vessel
unless we performed OCT. OCT clearly revealed ulcer with thrombi in LAD at the
origin of DB. Thus, OCT findings convinced us that the culprit lesion was ulcerated
plague in LAD, not in DB. Furthermore, OCT detected microvessel formation in the
inner plague near the ulcer. It has been reported that neovascularization in
atherosclerotic plaques is associated with plague vulnerability®. The high resolution of
OCT can provide chance to directly visualize plaque neovascularization in vivo®. There
is a general consensus on OCT that microvessels in plaque appear as thin black holes

with a diameter of 50-100 mm that are present for at least 3—4 consecutive frames in



pull-back images?. In the present study, the presence of microvessels in the inner
plague near the ulcer may also support the opinion that culprit lesion was ulcerated
plaque in LAD.

Thus, OCT can provide detail intracoronary information in addition to CAG and
IVUS. Combinations of those imaging modality would be more helpful and reliable for
detection of culprit lesion and understanding the mechanism of onset in acute coronary

syndrome.
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Figure legends

Figure 1.

(A and B) CAG in the RAO-cranial view and the LAO-cranial view. (Al and B1) CAG

before thrombus aspiration showed occlusion in the proximal portion of LAD (white

arrowheads). (A2 and B2) CAG after thrombus aspiration revealed the reperfusion of

MSB and the remaining of occlusion of LAD (white arrows). (A3 and B3) CAG after

2-week of the onset showed the recanalized LAD (black arrowheads) with severe

stenosis (black arrows) at a little distal to the LAD-MSB bifurcation. CAG, coronary

angiography: RAO, right anterior oblique: LAO, left anterior oblique: LAD, left

anterior descending artery: MSB, first major septal branch.

Figure 2.

(A) Magnified image of the proximal LAD. Black arrowhead indicates the occlusion

point of LAD. (B1,2 and C1,2) IVUS and OCT images at the bifurcation of LAD-MSB.

Flap-like thrombus (white arrow) and plaque rupture (white arrowhead) are clearly

visible by OCT, not by IVUS. IVUS, intravascular ultrasound: OCT, optical coherence

tomography: Other abbreviations as in Figure 1.
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Figure 3.

(A) CAG in the LAO-cranial view and (B) magnified image of the proximal LAD. The

occlusion of DB and mild stenosis with ulcer in LAD at the origin of DB were

identified. (C) Gross findings of the red thrombi removed from the proximal LAD. DB,

first diagonal branch. Other abbreviations as in Figure 1.

Figure 4.

(A) Magnified image of the proximal LAD after thrombus aspiration. (B1-4 and C1-4)

IVUS and OCT images. Compared to IVUS, OCT clearly showed lipid-rich plaque

(asterisk), ulcer (star), white (arrows) and red (arrowhead) thrombi. (D) Magnified

image of ulcerated plaque by OCT. Microvessel was visible (small arrowhead).

Abbreviations as in Figure 1, 2, and 3.
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