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Abstract

Objectives: We aimed to characterize the pathology of patients with acute coronary syndrome (ACS)
using optical coherence tomography (OCT).

Background: OCT is a new, high-resolution intravascular imaging modality that is useful for the
assessment of the morphology of ACS lesions.

Methods: We studied 22 patients with ACS using OCT imaging. The pathological features of the
disease were classified as plaque rupture, plaque erosion, and calcified nodule.

Results: The incidences of plaque rupture, plague erosion, and calcified nodule were 73%, 9%, and
9%, respectively. Participants with plaque rupture tended to be younger than those with the other
types of lesions (65.7 + 9.4, 72.0 + 9.9, and 80.0 * 8.5 years, respectively; p=0.13). Fibrous plaque
tended to be more prevalent than plaque erosion (75%, 100%, and 0%, respectively; p=0.15). The
serum creatinine concentration of participants with calcified nodule was higher than that of
participants with plaque rupture (1.2 £ 0 vs. 1.0 £ 0.2; p=0.049). The mean minimum luminal
diameter (MLD) was highest in participants with calcified nodule and was significantly higher than in
participants with plaque rupture (1.5 + 0.5 vs. 1.0 £ 0.2; p=0.047).

Conclusions: Plaque rupture was the most common lesion, being present in 73% of the patients with
ACS, and plaque erosion tended to be associated with the lowest mean luminal area of the three types
of lesions. In addition, calcified nodules were common in older patients and were associated with a
higher creatinine concentration and MLD than plaque rupture.

Keywords: Plaque rupture, Plaque erosion, Calcified nodule, Optical coherence tomography, Acute
coronary syndrome
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Introduction

Acute coronary syndrome (ACS) is one of
the commonest causes of sudden cardiac death.
In most instances, ACS is thought to be the
result of sudden coronary stenosis, secondary
to thrombosis. Luminal thrombosis can
occur as a result of three pathological changes in
particular: plague rupture (PR), plague erosion
(PE), and calcified nodule (CN). The incidence of
thrombus in patients who suddenly die because
of ACS is ~60%, and the underlying etiologies
have been shown to be PR in 55%—60% of cases,
PE in 30%—35%, and CN in 2%—7% . In addition,
Naghavi et al. found that plaque rupture is the
most common lesion at autopsy in patients who
experience sudden cardiac death 2.

Optical coherence tomography (OCT) is an
intravascular imaging technique that is based
on the reflection of near-infrared light to create
images, and this provides a high axial resolution
of up to 10 um and lateral resolution of 20 um.
The tissue penetration is limited to a depth of
2 mm, but this varies significantly, according
to the tissue being imaged. At present, the
resolution achievable using OCT is superior to
that of other intravascular imaging techniques ©.
For example, it is up to 10 times higher than
that of intravascular ultrasonography (IVUS),
such that it can provide clear detail of the
three layers of the vascular wall. Many previous
studies have shown that OCT can be used to
visualize the microstructure of atherosclerotic
plagues, including the thin fibrous cap, lipid core,
and intracoronary thrombus, which are believed
to be responsible for plaque vulnerability “©.
OCT images of atherosclerotic plaque provide
more detail of the microstructure than IVUS ©.

In the present study, we aimed to evaluate
the pathological characteristics of PR, PE, and
CN lesions in patients with ACS (including ST
segment elevation myocardial infarction [STEMI]
and non-ST segment elevation acute coronary
syndrome [NSTACS]) using OCT.

Methods
Study sample

We recruited 22 patients with ACS who
underwent OCT imaging of their culprit lesions.
The exclusion criteria were failure in the
advance of the OCT catheter across the culprit
lesion; contamination with blood, which results
in poor image quality; severe calcification,
necessitating rotational atherectomy (Rotablator;
Boston Scientific, Marlborough, MA, USA), and
chronic kidney disease (CKD) stages IV and V.

The participants had either STEMI or NSTE-ACS.
ST segment elevation myocardial infarction (M)
was defined using continuous chest pain that
lasted >20 min; ST segment elevation on more
than two contiguous leads of > 2.5 mm in men
< 40 years, 2 2 mm in men > 40 years, or 2 1.5
mm in women on lead V2/V3, and/or > 1 mm
on other leads, or new left bundle-branch block.
NSTE-ACS included non-ST segment elevation
myocardial infarction (NSTEMI) and unstable
angina pectoris. NSTEMI was defined using
ischemic symptoms in the absence of ST
segment elevation on electrocardiography,
with high circulating cardiac enzyme activities.
Unstable angina pectoris was defined as
new-onset chest discomfort on exertion or at
rest, with normal concentrations of cardiac
markers. The study was approved by the
Phramongkutklao  Medical College Ethics
Committee and all the participants provided
their written informed consent.

OCT image acquisition

OCT imaging of culprit lesions was conducted
using the frequency domain Optis system and
a Dragonfly Optis Imaging Catheter or the OFDI
system and an OFDI catheter. The culprit lesion
was identified using coronary angiography,
electrocardiography, and transthoracic echo-
cardiography. In participants with TIMI flow < 2,
aspiration thrombectomy or pre-dilatation
with a balloon of diameter less than that of the
vessel was performed. A 2.7-F OCT imaging
catheter was carefully advanced distal to
the culprit lesion, then automatic or manual
pullback was performed at 40 mm/sec for 7.5
cm, while contrast media was gradually added
to replace the blood removed.
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Figure 1. OCT images showed plaque rupture was identified by a presence of fibrous cap discontinuity

and a caviry formation of the plaque

Figure 2. OCT images revealed plague erosion was characterized by the presence of attached thrombus

overlying an intact and visualized plaque

OCT image analysis

All OCT images were analyzed by the
researcher and an experienced OCT investigator
who was blinded to the clinical presentation and
angiographic data. When there was disagree-
ment between the investigators, a consensus
reading was obtained.

OCT image features
The presence of fibrous cap disruption
(PR, PE, CN, lipid plaque, fibrous plaque, calci-

fied plague, or intracoronary thrombus) was
recorded. PR was identified by the presence of
fibrous cap discontinuity and cavity formation
in the plaque (Figure 1). PE was characterized
by the presence of thrombus overlying an
intact plaque (Figure 2). CN was defined as fibrous
cap disruption over a calcified plaque, charac-
terized by protruding calcification, superficial
calcium deposition, and the presence of a
substantial amount of calcium proximal and/or
distal to the lesion (Figure 3) ). Culprit lesions
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Figure 3. OCT demonstrateCalcified nodule was defined when fibrous cap disruption was detected over
a calcidied plaque characterized by protruding calcification, superficial calcium, and the presence of
substantive calcium proximal and/or distal to the lesion

Figure 4. OCT revealed lipid plaques as signal-poor regions with diffuse borders(A). fibrous plaques were
defined as homogeneous signal-rich regions(B), fibrocalcific plaques as signal poor regions with sharp

borders(C).

that did not meet the criteria for PR, PE, or CN
were classified as “other”. Fibrous plaques were
defined as homogeneous signal-rich regions,
fibrocalcific plagues as signal-poor regions
with clearly defined borders, and lipid plaques
as signal-poor regions with diffuse borders
(Figure 4). OCT is also capable of differentiating
red and white thrombus. A red thrombus was

defined as a protruding mass, characterized by
high back-scattering with signal-free shadowing
inside the vessel lumen, and white thrombus
(platelet-rich) was defined as a lesion with low
back-scattering ® (Figure 5). Owing to its high
resolution, OCT can also demonstrate thick-cap
fibroatheroma (TCFA), defined as a plaque with
a thin fibrous cap of < 65 um thickness.
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Statistical analysis

Data are shown as mean * SD. Comparisons
between two groups were performed using
Fisher’s exact test. ANOVA or the Kruskal-Wal-
lis test was used to compare data relating to
PR, PE, and CN, and comparisons between two
groups were made using the unpaired t-test or
Mann-Whitney U test. P < 0.05 was accepted as
indicating statistical significance.

Results
Baseline characteristics of the participants

A total of 22 patients with ACS were
enrolled. The baseline characteristics of partic-
ipants in whom PR, PE, CN, or other unspeci-
fied lesions were identified are summarized in

Table 1. The mean age of the participants was
67 years and 64% of them were men. With re-
spect to coronary risk factors, the prevalences of
hypertension, diabetes, and smoking were
63.6%, 31.8%, and 40.9%, respectively. The
prevalence of STEMI was 32%.

A comparison of the characteristics of
participants with PR, PE, and CN is shown in
Table 2. The participants with PR tended to be
younger than those with the other two types
of lesions (66 years old), but there were no
significant differences in any of the characteristics
of the three groups. However, the participants
with CN were more likely to have CKD stage Il
and a high creatinine concentration than those
with PR or PE.

Figure 5. OCT demonstrated red thrombus were demonstrated as a high backscattering protrusion mass
with signal-free shadowing inside the vessel lumen (A), and white thrombus (platelet-rich) were revealed

as low-backscattering projection (B)

Table 1. Baseline characteristics of the participants

Full cohort Classified Other P-value
(n=22) (n=20) (n=2)
Age 67.6+9.6 67.8+10.0 66.0+4.2 0.812
Men 14 (63.6%) 13 (65.0%) 1 (50.0%) 1.000
Body mass 66.8+7.6 66.7+7.7 68.0+9.9 0.694
Height 162.0+£7.3 162.2+6.9 160.0+14.1 0.825
BMI 25.6+3.4 25.4+2.9 27.2+8.6 0.815
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Table 1. Baseline characteristics of the participants (Continue)

Full cohort Classified Other P-value
(n=22) (n=20) (n=2)
Risk factors
Hypertension 14 (63.6%) 13 (65.0%) 1 (50.0%) 1.000
Diabetes mellitus 7 (31.8%) 7 (35.0%) 0 (0.0%) 1.000
Dyslipidemia 14 (63.6%) 13 (65.0%) 1 (50.0%)
Chronic kidney disease 15 (68.2%) 14 (70.0%) 1 (50.0%) 1.000
Chronic kidney disease (stage Il) 10 (45.5%) 9 (45.0%) 1 (50.0%) 1.000
Chronic kidney disease (stage Ill) 5(22.7%) 5 (25.0%) 0 (0.0%)
Family history of CAD 4 (18.2%) 3 (15.0%) 1(50.0%) 0.338
Smoking 9 (40.9%) 9 (45.0%) 0 (0.0%) 0.494
Alcohol 3(13.6%) 3(15.0%) 0 (0.0%) 1.000
Presentation
NSTE-ACS 15 (68.2%) 14 (70.0%) 1(50.0%) 1.000
STEMI 7 (31.8%) 6 (30.0%) 1 (50.0%)

BMI=body mass index, CAD= coronary artery disease, NSTE-ACS= non-ST-segment elevation acute cor-
onary syndrome, STEMI= ST-segment elevation myocardial infarction.

Incidence of plaque rupture, plaque erosion, and calcified nodule in the participants
Ofthe 22 culprit lesions identified, 16 (73%) were classified as PR, 2 (9%) were classified as plaque
erosion, calcified nodule, and others (Figure 6).

Table 2. Baseline characteristics of the participants with plaque rupture, plaque erosion, or calcified
nodule

PR PE CN P-value P-value
(n=16) (n=2) (n=2) PRvs. PE PEvs.CN PRvs.CN
Age 0.131  0.385 0.477 0.058
65.7+9.4 720+9.9  80.0+8.5
Men 10 (62.5%) 1 (50.0%) 2 (100.0%) 0-775
Body mass (kg) 66.8+75 72.0+28  605+12.0 0343 0356 0.319 0.299
Height (cm) 162.3+6.8 162.5+10.6 161.5¢92 0989 ~ 0963 0929 0888
BMI 254+30 274+25 230+20 0343 0395 0.195 0.293
Risk factors
Hypertension 10 (62.5%) 2 (100.0%) 1(50.0%) 0.775 0.529 1.000 1.000
Diabetes mellitus 5(31.3%)  1(50.0%) 1(50.0%) 1.000  1.000 1.000 1.000
Dyslipidemia 11 (68.8%) 1 (50.0%) 1(50.0%) 1.000  1.000 1.000 1.000
CKD stage Il 3(18.8%) 0 (0.0%) 2 (100.0%) 0.104  1.000 0.333 0.065
FH of CAD 3(18.8%)  0(0.0%) 0(0.0%) 1.000  1.000 N/A 1.000
Smoking 7(43.8%)  1(50.0%) 1(50.0%) 1.000  1.000 1.000 1.000
Alcohol 3(18.8%)  0(0.0%) 0(0.0%) 1.000  1.000 N/A 1.000
Presentation
NSTE-ACS 11 (68.7%) 1 (50.0%) 2 (100.0%) 1.000  1.000 1.000 1.000
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Table 2. Baseline characteristics of the participants with plaque rupture, plaque erosion, or calcified

nodule (Continue)

PR PE CN P-value P-value
(n=16) (n=2) (n=2) PRvs. PE PEvs.CN PRvs.CN
STEMI 5(31.3%)  1(50.0%)  0(0.0%)
Laboratory parameters

HCT, mg/dL 420+48 39455 37.1+7.6 0388 0479 0763  0.209
Creatinine, mg/dL  1.0£0.2  0.8+05 12+00 0303 0673 0121  0.049
AST activity 56.2+44.6 31.6+105 27.1+N/A N/A 0399  N/A N/A

ALT activity 431+540 421+47  158+N/A N/A 0399  N/A N/A

PR = plaque rupture, PE = plaque erosion, CN = calcified nodule, FH = family history, CKD = chronic
kidney disease, CAD = coronary artery disease, HCT = hematocrit, AST = aspartate aminotransferase,

ALT = alanine aminotransferase.

PR = plaque rupture, PE = plaque erosion, CN = calcified nodule

n=22

Figure 6. incidence of plaque rupture, plaque erosion, and calcified nodule

Angiographic findings

The lesion distribution is summarized in
Table 3. PR was most prevalent in the LAD,
followed by the RCA, and least prevalent in the
LCX. All of the PE lesions were identified in the
LAD, but CN lesions were equally prevalent in
the LAD and RCA.

Characteristics of the plaques, determined
using OCT

Thrombus was identified in all the PR
lesions, and red thrombus was more prevalent
than white thrombus. PR was present in 100%

of the lipid plaques, 87.5% of calcified plaques,
and 75% of the fibrous plaques; whereas PR
and PE tended to be associated with fibrous
plague. There were no significant differences in
the prevalence of TCFA among participants with
the various lesions: it was present in 15 (93.8%),
2 (100%), and 1 (50%) of the participants with
PR, PE, and CN, respectively. The mean MLD was
higher in participants with CN (1.5 + 0.5 mm)
than in those with PE or CN (p = 0.047)
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Table 3. Distribution of angiographic lesions

PR PE CN P-value P-value
PR vs. PE PEvs.CN PRvs.CN
Lesion location
LAD 12 (75.0%) 2(100.0%) 1(50.0%) 0.718 1.000 1.000 0.490
LCX 1(6.2%)  0(0.0%)  0(0.0%)
RCA 3(18.8%) 0 (0.0%) 1 (50.0%)
PR = plaque rupture, PE = plaque erosion, CN = calcified nodule.
Table 4. Plague characteristics, identified using OCT
PR PE CN P-value P-value
(n=16) (n=2) (n=2) PRvs.PE PEvs.CN PRvs.CN
Thrombus 16 (100.0%) 2 (100.0%) 1(50.0%)  0.200 N/A 1.000 N/A
Red thrombus 14 (87.5%) 1 (50.0%) 1 (50.0% 0.162 0.314 1.000 0.314
White thrombus 8 (50.0%) 1 (50.0%) 0 (0.0%) 0.728 1.000 1.000 0.477
Calcified plaque 14 (87.5%) 2 (100.0%) 2 (100.0%) 1.000 1.000 N/A 1.000
Lipid plaque 16 (100.0%) 2 (100.0%) 2 (100.0%)  N/A N/A N/A N/A
Fibrous plague 12 (75.0%) 2 (100.0%) 0 (0.0%) 0.155 1.000 0.333 0.098
TCFA< 0.065 um 15(93.8%) 2 (100.0%) 1 (50.0%) 0.126 0.261 0.221 0.083
TCFA 0.04+£0.02 0.05+0.01 0.05+£0.06 0.731 0.370 1.000 0.883
MLA 15204 1.2+0.1 24116 0.350 0.261 0.221 0.399
MLD 1.0+£0.2 1.0+£0.1 1.5+£0.5 0.047 0.791 0.2415 0.020
Length (mm) 32.8+16.7 27.1+8.38 11.0+£8.7 0.207 0.779 0.121 0.092
RVD 3.4+£05 2.8+0.3 3.7+£0.2 0.139 0.097 0.060 0.399

PR = plaque rupture, PE = plaque erosion, CN = calcified nodule, TCFA = thin cap fibroatheroma, MLA =
minimum luminal area, MLD = minimum luminal diameter, RVD = reference vessel diameter.

Discussion

This study represents the first systematic
characterization of the pathophysiology of the
three most common causes of ACS performed
using OCT in Thailand. OCT provides higher
resolution images of intravascular structures
than IVUS. The principal findings were that OCT
is an effective means of classifying the patho-
physiology of ACS as PR, PE, or CN; and that it is
also an ideal tool for the identification of micro-
vascular structures, such as vulnerable plaque
and TCFA, for the classification of the type of
thrombus.

Prevalences of plaque rupture, plaque erosion,
and calcified nodule in patients with ACS

The most common causes of acute
thrombosis in patients with ACS are PR, PE,
and CN . Previous autopsy findings showed
that thrombosis of the coronary artery resulted
from PR in 60% of participants and from PE in
40% of participants . In addition, Farb et al.
studied 50 cases of sudden death owing to
coronary thrombosis, and identified thin
fibrous cap rupture in 28 patients and erosion
in 22 patients 9, Furthermore, Hisaki et al. ®¥
performed a histopathological study in patients
with ACS who experienced sudden coronary
death, and identified 70 PR lesions and 54 PE
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lesions among the 122 postmortem lesions
identified. In the present study, the prevalence
of PR was 73%, which is similar to that previ-
ously reported, and that of PE was 9%, which is
lower. The prevalence of CN, the least common
pathology in patients with ACS, was 9% in the
present study, which is not dissimilar to the
previously reported prevalence of 4%—7% 2.

Characteristics of patients with plaque
rupture, plaque erosion, or calcified nodule

A previous postmortem study of individuals
who had experienced coronary sudden death
revealed a significantly higher prevalence of PE
in younger women, with a mean age of 4447
years "9 Burke et al. *® demonstrated that PE
is significantly associated with smoking, with
approximately 78%. In the present study, we
found that patients with PE were older than
those with PE. Furthermore, 50% of those with
PE were women, which implies a lower prev-
alence in this sex than that identified in the
previous study. This disparity may be the
result of differing characteristics of the partici-
pants. Recent studies have shown that coronary
calcification is more prevalent in patients with
CKD than in those with normal kidney function
(14715 “We also found that participants with CN
had higher circulating creatinine concentrations
and tended to have a higher prevalence of CKD
stage lll than those with PN or PE. Finally, PR was
more common in men, which is compatible with
the present data.

Plaque characteristics, identified using OCT

We found that lipid plagues were the only
ones to undergo PR. In addition, fibrous plaque
was present in 100% and 75% of participants
with PE or PR, respectively. Fibrin-rich red
thrombi predominated in participants with PR
(87.5%), whereas white thrombus was found
in approximately 50% of participants with PE or
CN. The mean MLD was highest in participants
with CN (p=0.047).

Clinical implications
The distinct characteristics of the patho-
physiology of patients with ACS, reflected in the

differing lesions of PE, PR, and CN, imply differing
causes and the necessity for differing treat-
ments. PE has previously been shown to be
associated with less thrombus than PR “® and
this may imply that less invasive treatments,
such as medication without stent implantation,
may be possible. However, further studies should
be conducted to investigate this possibility.

Limitations

The present study had several limitations.
First, the discrepancy between our data and
those obtained in previous studies might be the
result of differences in the participants and in
the size of the studies. Second, the presence of
thrombus overlying culprit lesions might have
obscured the pathology and plaque charac-
teristics. Third, we permitted the use of small
balloons (smaller than the reference vessel
diameter) for pre-dilatation in cases of STEMI
or critical lesions, to avoid contamination with
blood during pullback, causing back-scattering
and poor images, which may have affected
the features of the culprit lesion that were
identified.

Conclusion

In the present study, we found that OCT
represents an excellent intracoronary imaging
modality for the characterization of the patho-
physiology of ACS, in the forms of PR, PE, and
CN. PRisthe most common pathology in patients
with ACS, accounting for 73% of the lesions in
the present study. PE tended to be associated
with the lowest MLA of the three pathologies
and CN was commoner in older patients. In
addition, CN was associated with higher creati-
nine concentrations and MLD than PR.
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