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Background: Disruption of vulnerable plaques is the most common cause of acute coronary syndromes.
Intravascular ultrasound facilitates cross-sectional imaging of coronary arteries. We aimed at using
IVUS to investigate the morphology and tissue characteristics of atherosclerotic plaques of non-culprit
intermediate coronary lesions in non-ST elevation ACS setting.
Methods: IVUS assessment of sixty-one intermediate coronary lesions in twenty-eight patients with the
diagnosis of Non ST elevation acute coronary syndromes. Ultrasound signals were obtained by an IVUS
system using a 40-MHz catheter.
Results: Mean age was 53.2 ± 9.1 years. Males = 20 (71.4%). Smoking in 17 (60.7%), hypertension in 16
(57.1%), Dyslipidemia in 12 (42.9%) and DM in 8 (28.6%). Culprit vessels represent 42% of affected vessels.
Sixty-one intermediate lesions were detected. Twenty-nine lesions in culprit vessels and thirty-two
lesions in non-culprit vessels with higher lipidic content in lesions of culprit vessels (P < 0.001) while a
higher calcific content in lesions of non-culprit vessels (P < 0.001). Higher calcific content of proximal
more than distal lesions (P = 0.048). Negative remodeling in 55.7% of lesions.
Conclusions: A higher lipidic content in lesions of culprit vessels, while the lesions of non-culprit vessels
were more calcific. Higher calcific content of proximal more than distal lesions was defined as well.

� 2017 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Most acute coronary syndromes are believed to be due to the
loss of integrity of a protective covering over an atherosclerotic
plaque; this occurs with plaque rupture when the fibrous cap over-
lying the plaque gets disrupted or with erosion when the endothe-
lial lining of the plaque is disturbed. This disruption of the
protective covering allows blood to come in contact with the
highly thrombogenic contents of the plaque, which promotes the
formation of luminal thrombus.1–3

Plaque rupture, usually of a precursor lesion known as a ’vul-
nerable plaque’ or ’thin-cap fibroatheroma’, is the leading cause
of thrombosis. Less-frequent aetiologies are erosion and eruptive
calcified nodules, which are occasionally identified in older
individuals.4

Pathologic intimal thickening is characterized by extracellular
lipid pools rich in hyaluronan and proteoglycans with the absence
of smooth muscle cells and inflammatory cells. The lipid pools tend
to develop in the deeper intimal layers near the arterial media.
Early calcification is frequently observed within the areas of lipid
pools and likely results from the death of smooth muscle cells.
Pathologic intimal thickening along with fibro-atheromas can be
considered a prelude to plaque erosion.5

Postmortem studies have shown that coronary thrombi super-
imposed on eroded plaques contains a higher density of
myeloperoxidase-positive cells than thrombi superimposed on
ruptured plaques. It is hypothesized that a selective accumulation
of hyaluronan and proteoglycans in eroded plaques may promote
de-endothelialization and platelet thrombus formation along with
accumulation of circulating neutrophils and monocyte-expressing
myeloperoxidase, which may further lead to endothelial cell death
and thus promote thrombus formation.6,7

It became apparent that 2 key processes are involved in the
growth of advanced plaques: (1) outward expansion of the arterial
wall and (2) subclinical plaque rupture of hemodynamically
insignificant lesions, where the thrombus is incorporated into the
lesion, resulting in greater luminal narrowing.8
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Intravascular ultrasound (IVUS) provides detailed qualitative
and quantitative cross-sectional coronary imaging and provides a
more comprehensive assessment of the atherosclerotic plaques
with a high sensitivity and specificity for detecting intracoronary
calcium.9

Also, IVUS has been shown to detect features associated with
plaque vulnerability, such as an eccentric pattern; the presence
of an echolucent core, probably representing the lipid-rich core;
the presence of thrombi10–13; lumen narrowing12; and a spotty
pattern of calcifications.14
2. Aim of the work

To define tissue characteristics of atherosclerotic plaques of
non-culprit intermediate coronary lesions in patients with non ST
segment elevation acute coronary syndromes.
Table 1
Clinical and demographic data of study population.

Range Mean ± SD

Age 35–71 53.2 ± 9.1 years
Body mass index 19–31 23.4 ± 2.9
TIMI risk score 1–6 3.1 ± 1.4
Laboratory results
Hemoglobin (gm%) 10–15 12.4 ± 1.7
Creatinine (mg/dl) 0.6–1.6 1.0 ± 0.2
Cholesterol (mg/dl) 130–246 175.1 ± 30.4

Frequency (n=28) Percentage

Gender
Male 20 71.4
Female 8 28.6

Risk factors
Smoking 17 60.7
Diabetes Mellitus 8 28.6
Hypertension 16 57.1
Dyslipidemia 12 42.9
+ve family history 6 21.4

History of CAD
Previous MI 10 35.7
Previous PCI 14 50

Clinical diagnosis
Unstable angina 23 82.1
NSTEMI 5 17.9
3. Patients and methods

This observational study analyzed tissue characteristics of non-
culprit intermediate coronary lesions of culprit and non-culprit
vessels in patients with unstable angina pectoris and non ST eleva-
tion MI who underwent coronary angiography preparatory for per-
cutaneous coronary intervention (PCI). The study was conducted at
the Critical Care Department, Cairo University.

Twenty-eight patients were enrolled from January 2014 to June
2015. The institutional ethics committee approved the protocol,
and informed consent was obtained from all patients.

Exclusion criteria were acute myocardial infarction specifically
ST elevation myocardial infarction (STEMI), cardiogenic shock,
bleeding disorders, previous CABG, instent restenosis and renal
impairment.

Coronary angiography was performed within 24–72 h after the
onset of ACS. The diagnostic angiograms were obtained using
Digital Imaging and Communications in Medicine (DICOM)-
compatible digital systems: Siemens AG model No. 07555126,
Germany & Philips CV20, Netherland.

Culprit vessel was defined as the coronary artery underlying the
atherosclerotic event identified by the association of pre and inter-
crisis electrocardiographic changes and echocardiographic left
ventricular segment kinetics anomalies.

We used intravascular ultrasound iLab TM System 1.2 Ultra-
sound Imaging System 90539386-01A, 2009 – Boston Scientific
Corporation – USA. Imaging was performed using a 40 MHz, 6 F
compatible catheters (ATLANTIS SR Pro) to characterize the coro-
nary arterial tissue.

An intracoronary nitroglycerin was administered for the pre-
vention of coronary spasm. Images were captured at an interval
of 0.5 mm using a motorized pull-back system. Then the segment
with the minimum lumen area was evaluated in each plaque.

The measurements were performed according to the guidelines
of the American College of Cardiology for the acquisition, measure-
ment and reporting of IVUS studies15 by two experienced IVUS
readers. In the conventional IVUS analysis, cross-sectional images
were quantified for lumen cross-sectional area (LCSA), external
elastic membrane (EEM) cross-sectional area (CSA), atheroma
CSA and plaque burden using the software included with the IVUS
system.

Qualitative assessment showed either soft (echolucent) pla-
ques, fibrous plaques, calcific plaques and mixed Plaques.15

After acquisition of the color-coded maps, the percentage
fibrous area (fibrous area/plaque area), the percentage lipid area
(lipid area/plaque area) and the percentage calcific area were
automatically counted by use of commercially available computer
software (iMAP).
The remodeling index was defined as the ratio of EEM CSA at
the measured lesion (minimum luminal site) to reference EEM
CSA (the average of the proximal and distal reference segments).
Remodeling index > 1 means positive remodeling while Remodel-
ing index < 1 means negative remodeling15

3.1. Statistical analysis

Precoded data were entered on the computer using ‘‘Microsoft
Office Excel Software” program (2010) for windows. Data were
then transferred to the Statistical Package of Social Science Soft-
ware program, version 21 (SPSS) to be statistically analyzed. Data
were summarized using mean, standard deviation, median and
inter quartile range for quantitative variables and frequency and
percentage for qualitative ones. Comparison between groups was
performed using independent sample t-test or one way ANOVA
with Tukey’s post hoc test for quantitative variables and Chi-
squared or Fisher’s exact test for qualitative ones. P values less than
0.05 were considered statistically significant, and less than 0.01
were considered highly significant.
4. Results

This study included twenty-eight patients with the diagnosis of
non ST elevation acute coronary syndromes with the following
demographic and clinical data as shown in Table 1.

Culprit vessels represent 42.1% while non-culprit vessels repre-
sent 57.9% of total affected vessels. Visual assessment and quanti-
tative coronary angiography showed 61 non-culprit intermediate
lesions. 30 lesions were present in the proximal segments, 23
lesions in the midsegment and 8 lesions in the distal segments of
the affected vessels. 29 lesions in culprit vessels and 32 lesions
in non-culprit vessels.

Quantitative assessment of intermediate lesions by IVUS is
shown in Table 2

Interestingly, IVUS showed statistically significant higher lipidic
content in lesions of culprit vessels (P < 0.001) while there was a
statistically significant higher calcific content in lesions of non-
culprit vessels (P < 0.001) as in Fig. 1.



Table 2
Quantitative IVUS measurements of intermediate lesions structure.

Component percentage (%) Range Mean ± SD

Fibrotic 39.0–71.0 52.5 ± 6.56
Lipidic 10.0–36.0 22.9 ± 6.58
Necrotic 7.0–21.0 13.4 ± 3.41
Calcific 2.0–32.0 11.1 ± 6.44
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Post hoc Tukey test revealed that the lesions in the proximal
segments of the coronary vessels had significantly higher calcific
content than the lesions in distal segments (P = 0.048) as shown
in Fig. 2.

Negative remodeling had been shown in 34 lesions (55.7%) and
positive remodeling in 27 lesions (44.3%).

Figs. 3 and 4 show examples of the lesions included in the
study.
5. Discussion

Many techniques for the tissue characterization of plaque com-
position have been developed using mathematical analyses of
ultrasound signals.16
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Figure 1. Lesions structure in cul

Figure 2. Structure of lesions in d
There are several reports showing the details of the plaques that
caused acute coronary syndrome by use of conventional IVUS. It
was reported that 30% of ruptured plaques were hypo-echoic,
31% hyperechoic, and 39% mixed plaque.16

Several studies of acute coronary syndrome patients showed
that the incidence of plaque rupture, plaque erosion, and calcified
nodule was 64.3%, 26.8%, and 8.0%, respectively. Plaque erosion and
calcified nodules had more fibrous plaque (p < 0.001 and p < 0.001)
and less thin-cap fibroatheroma (p < 0.001 and p < 0.001).2,17–20

The concept of lesion vulnerability has changed the clinical
approach to diagnosing and treating coronary artery disease, since
the odds of an adverse event are not directly related to the severity
of coronary artery stenosis.21,22

Despite its sectional design, the present study illustrates the
morphological difference of intermediate lesions of culprit and
non-culprit vessels, as lesions of culprit vessels showed signifi-
cantly higher lipidic content with significantly lower calcific con-
tent than lesions in non-culprit vessels.

These results goes in hand with the study done by Yamagishi
et al.10 who examined 12 intermediate coronary lesions in ACS
patients showed an echolucent zone within the plaque in 10 of
12 sites. A calcified plaque was present at five coronary sites.

On the contrary, In Pundziute et al.23, 97 Coronary plaques were
examined by IVUS in 25 ACS patients. Structure of these lesions
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Figure 3. Intermediate lesion with high lipidic content.

Figure 4. Color coding (iMAP) of one of lesions.
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showed more fibrotic structure than fatty content followed by less
necrotic and calcific components. Also, no differences were
observed between plaque composition in culprit and non-culprit
arteries on VH IVUS. Plaques of the two groups of arteries showed
no differences in the amount of fibrotic tissue, fibro-fatty tissue,
dense calcium and necrotic core. This may be due to the use of dif-
ferent devices with different technology and subsequent specificity
and sensitivity.

The tendency of advanced plaques to develop preferentially in
the proximal locations of coronary arteries has been explained by
the low shear stress conditions generated in areas with tortuosity
or many branches. Low shear stress may induce the migration of
lipid and monocytes into the vessel wall leading to the progression
of the lesion toward a plaque with high risk of rupture.24

In our study, most of lesions were located in the proximal seg-
ments of the examined arteries [30 lesions (49.2%)]. Other studies
confirm this assumption as follows:

In Koo et al.25, 85 lesions (32%) out of 267 intermediate lesions
were located more often in proximal segments of the coronary
arteries.
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In Fernandes et al.26, 53 lesions (90%) of total 59 intermediate
lesions were located in proximal segments of the arteries.

In a human autopsy study, Cheruvu et al.27 reported that 50% of
TCFAs were present within the first 22 mm of the left anterior
descending and left circumflex arteries and the first 31 mm of
the right coronary artery.

In another ex vivo study using histology, IVUS, and OCT, Kume
et al.28 reported that 70% of TCFAs clustered in the first 30 mm of a
coronary artery.

In a 3-vessel grayscale IVUS study, Hong et al.29 evaluated the
axial location of plaque rupture in 392 patients; plaque ruptures
occurred mainly in proximal segments of the left anterior descend-
ing coronary artery, the proximal half of the left circumflex, and
the proximal and distal segments of right coronary artery.

In a subsequent IVUS analysis, Ando et al.30 also reported that
83% of TCFA were located mainly within 40 mm of the coronary
ostium.

Recent study showed that all lesions derived from or related to
plaque rupture show positive remodeling, which may represent an
important surrogate for detecting lesion vulnerability.8 Conversely,
lesions of total occlusion or erosion exhibited negative
remodeling.31

In our study, most of intermediate lesions showed negative
remodeling.

This is consistent with the results of Fernandes et al.26 and Koo
et al.25 which showed that most of lesions showed negative
remodeling.

A recent study of 112 acute coronary syndrome patients, in
which both optical coherence tomography and intravascular ultra-
sound were performed, showed that more than one-half of lesions
had negative remodeling.17

On the other hand, Yamagishi et al.10 examined 12 patients with
ACS. Positive remodeling was observed in 7 of 12 coronary sites.
This may be due to small sample size.

Another clinical study by Motoyama et al.32 has reported a
potential usefulness of CT angiography to identify vulnerable pla-
ques that have not yet ruptured in patients who have not experi-
enced an acute coronary event. Among a total of 1059 patients
who underwent CT angiography, positive remodeling was identi-
fied in 45 patients. Of the 45 patients, 10 (22.2 percent) developed
ACS over a mean follow-up of 27 months. This study suggests that
coronary lesions showing positive remodeling on CT angiography
are at a higher risk of future acute coronary events.

6. Conclusion

We concluded that there is a higher lipidic content in lesions of
culprit vessels, while the lesions of non-culprit vessels were more
calcific. Higher calcific content of proximal more than distal lesions
was defined as well.
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