78

Original Article

Correlation between Plaque Composition as assessed by Virtual
Histology and C-reactive Protein
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Abstract

Background: Previous studies have shown that coronary plaque composition plays a pivotal role in plaque instability, and
imaging modalities and serum biomarkers have been investigated to identify vulnerable plaque. Virtual histology IVUS
(VH-IVUS) characterizes plaque components as calcified, fibrotic, fibrofatty, or necrotic core. C-reactive protein (hsCRP) is an
independent risk factor and a powerful predictor of future coronary events. However, a relationship between inflammatory
response indicated by CRP and plaque characteristics in ACS patients remains not well established.

Objective: To determine, by using VH-IVUS, the relation between coronary plaque components and plasma
high-sensitivity CRP levels in patients with acute coronary syndromes (ACS).

Methods: 52 patients with ACS were enrolled in this prospective study. Electrocardiographically-gated VH-IVUS were
performed in the culprit lesion before PCI. Blood sample was drawn from all patients before the procedure and after
24 hours, and hs-CRP levels were determined.

Results: Mean age was 55.3+4.9 years, 76.9% were men and 30.9% had diabetes. Mean MLA was 3.9+1.3 mm?,
and plaque burden was 69+11.3%, as assessed by IVUS. VH-IVUS analysis at the minimum luminal site identified
plaque components: fibrotic (59.6=15.8%), fibrofatty (7.6+8.2%), dense calcium (12.1+£9.2%) and necrotic core
(20.7+12.7%). Plasma hs-CRP (mean 16.02+18.07 mg/L) did not correlate with necrotic core (r=-0.089, p = 0.53)
and other plaque components.

Conclusions: In this prospective study with patients with ACS, the predominant components of the culprit plaque
were fibrotic and necrotic core. Serum hs C-reactive protein levels did not correlate with plaque composition.
(Arq Bras Cardiol. 2013;101(1):78-86)

Keywords: Acute Coronary Syndrome; Plaque, Atherosclerosis; C-Reactive Protein; Histological Techniques;
Diagnostic Imaging.

It is postulated that the early detection of thin-cap
fibroatheromas would have a profound impact on the
prevention of cardiac adverse events. Recently, various
cardiovascular imaging methods and laboratorial markers have
been investigated with this purpose®®. Intracoronary ultrasound

Introduction

The term acute coronary syndrome encompasses a broad
spectrum of clinical presentations and prognostic evolutions, and
is related mostly to one pathophysiologic substrate: the rupture
or erosion of a vulnerable plaque'2. Previous studies demonstrate

that the main determinant of the atherosclerotic plaque
vulnerability is its composition. Thus, lesions characterized by a
large lipid core, by the presence of inflammatory cells (instead
of smooth muscle cells and fibrous tissue) and thin-cap fibrosis
were more subjected to instabilization*.
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with radiofrequency, also known as Virtual Histology® (Volcano
Therapeutics, EUA), complements anatomic information
provided by conventional intracoronary ultrasound, allowing
not only the evaluation of plaque dimensions but detailed
tissue characterization of the atherosclerotic lesion”.

Four basic components of the plaque (fibrous and
fibrofatty tissues, calcium and areas with inflammatory activity
and necrosis) are determined by the method. In imaging
reconstruction (Figure 1), these elements are characterized
by different colors: light green (fibrofatty tissue), dark green
(fibrotic tissue), white (calcium) and red (necrotic core), which
can also be quantified according to their corresponding
areas or to the percentage of each component in the total
plaque volume'™. Among the laboratorial methods that were
investigated, C-reactive protein (CRP) is an acute-phase
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Figure 1 - Ultrasonographic imaging reconstruction by Virtual Histology®; the four components of the plaque are characterized by different colors (green, light green, red
and white). The medium layer (according to visualization by conventional intracoronary ultrasound) is identified by the gray color. M: medium layer.

reactant and a sensitive marker of the systemic inflammatory
status, and is considered an important predictor of cardiac
adverse events'"'2. However, its correlation with atheroma
plaque characteristics is not well established.

The present study aims to evaluate the constitution of the
culprit atherosclerotic lesion in patients with acute coronary
syndrome (as characterized by radiofrequency ultrasound)
and investigate the relationship of the plaque components
and the inflammatory marker C-reactive protein.

Methods

This is a prospective study of 52 consecutive patients
with acute coronary syndrome with or without ST segment
elevation, admitted at the Dante Pazzanese Cardiology
Institute from September 2008 to November 2009, submitted
to cinecoronariography according to clinical indication
and who were candidates to percutaneous intervention.
The study was approved by the Ethics Committee of the
Institution involved, in compliance with the Declaration of
Helsinki. All patients signed an informed consent document.

The inclusion criteria were: patients =18 years old,
whose clinical picture was compatible with acute coronary
syndrome that had occurred up to 30 days before coronary
percutaneous intervention; primary coronary lesion
characterized by: a) obstruction = 50 % of the vascular
lumen according to visual evaluation, with an extension
<18 mm and localized in vessels >2.5 mm, considered the
responsible lesion (“culprit”) for the clinical picture. Patient
with AMI < 72 h, refractory angina, hemodynamic instability
or coronary flux TIMI (Thrombolysis in Myocardial Infarction)
< 3 requiring immediate coronary intervention and
obstructive lesions (= 50%) of the left coronary trunk, with
total occlusions and thrombotic lesions at the intervention
site (according to angiography) were excluded. Patients with

current infections, connective tissue diseases or other chronic
inflammatory conditions or using corticosteroids were also
excluded, since these conditions could also influence the
C-reactive protein laboratory results.

Imaging protocol with intracoronary ultrasound with
radiofrequency

After characterizing the culprit vessel and before
coronary intervention, a 0.014” metallic guide wire
was positioned distally to the lesion to be treated. The
Eagle Eye® radiofrequency ultrasound probe (Volcano
Therapeutics, EUA) was advanced over the metallic guide
wire and positioned initially in a segment free of significant
atherosclerotic disease; after connection to a specific
console (InVision Gold®, Volcano Corporation Inc., Rancho
Cordova, EUA), the images were calibrated. The ultrasound
probe was then positioned distally to the culprit lesion, and
was pulled at the velocity of 0.5 mm/sec with an automatic
device (R-100°, Volcano Corporation Inc., Rancho Cordova,
EUA) for obtaining image sequences.

After completion of the radiofrequency ultrasound,
culprit lesion percutaneous treatment followed. Of note,
lesion pre-dilation was performed only after obtaining
ultrasound images with Virtual Histology®, so that the
plaque characteristics reflected its natural status, before
any mechanical intervention.

Virtual Histology® image analysis was performed by
specific software (pcVH 2.2%, Volcano Corporation Inc. ®,
Rancho Cordova, EUA). This software allows that the lumen
and the external elastic membrane are contoured, providing
an automatic classification of the four plaque components
in the interest region (fibrous and fibrofatty tissue, calcium
and necrotic core). Radiofrequency ultrasound analysis was
limited to a 10 mm-segment of the atherosclerotic lesion
to be treated. This segment must encompass the major
obstruction point of the lumen; thus, taking the minimum
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lumen area as reference, 5 mm were determined proximally
and distally to it. Based on the percent composition of the
plaque and the localization of the calcium and necrotic
contents in relation to the vascular lumen, the lesions were
classified by Virtual Histology® as follows:

* fibrotic plaque: predominantly fibrotic tissue, with no
confluent necrotic tissue areas or calcium;

* calcified fibroatheroma: presence of calcium confluent areas
(> 10% of the plaque area) in three or more consecutive slices;

* fibroatheroma: presence of necrotic tissue confluent areas
(> 10% of the plaque area) in three or more consecutive slices;

e thin-cap fibroatheroma (TCFA): presence of necrotic
tissue confluent areas (> 10% of the plaque area) in three or
more consecutive slices and in direct contact with the vessel
lumen (Figure 2).

Sample collection and C-reactive protein measurement

Before coronary intervention, all patients were submitted
to clinical, electrocardiographic and laboratorial evaluation.
Peripheral blood samples for measuring high sensitivity
C-reactive protein (an inflammatory marker) were obtained
from the arterial access (by means of radial or femoral introducer
sheath) immediately before the percutaneous revascularization
procedure. The post-procedure samples were obtained 24 hours
after the intervention. The serum high sensitivity C-reactive
protein measurement was measured with the automatized
chemoluminescence test IMMULITE® (DPCMedLab®, Brazil).
The variation between this inflammatory marker’s basal levels
and the one observed 24 hours after the intervention was
defined as A (delta) CRP, and was calculated for each patient.

Statistical analysis

The categorical variables were expressed in absolute figures
and percentages, and presented as relative and absolute
frequency tables. The analysis of the differences among the
categorical variables was performed by the Pearson’s chi-square
test and the Fisher exact test, when necessary. The continuous
variables were expressed as mean and standard deviation.
The differences among continuous variables were determined
by the Student t test. When normality was rejected, the
variables were compared by the Mann-Whitney non-parametric
test. The correlations among the quantitative variables were
presented according to the Pearson correlation coefficient.
A 5% significance level was considered for all tests (o = 0.05).
The software PAWS Statistics (SPSS)® (SPSS Inc, EUA) was
employed in the statistical analysis.

Results

Angiographic and clinical characteristics

Mean age was 55.3 * 4.9 years; 76.9% were male, 67.3%
had arterial hypertension, 30.8% were diabetic and 50% were
smokers. The predominant clinical picture that motivated the
percutaneous coronary intervention was ST segment elevation
acute myocardial infarction in its later phase (post-AMI
elective intervention). The general clinical characteristics of
the selected patients are discriminated on Table 1.

All patients were treated with aspirin (100-200 mg/d);
clopidogrel (300-600 mg bolus and 75 mg/d for maintenance);
and full-dose enoxaparin (1 mg/kg twice daily) for at least
24 hours before coronary intervention.

Fibrotic

Calcified
fibroatheroma

Fibroatheroma

Thin-cap
fibroatheroma

Figure 2 - Examples of coronary lesions classified by intracoronary ultrasound with Virtual Histology (adapted from reference 10).
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Table 1 - Clinical data of the 52 selected patients

Variables (:Ztglz)
Age (mean and standard deviation), years 55.3+4.9
Age variation 39-74
Sex, n (%)
Male 40 (76.9)
Risk factors, n (%)
Arterial Hypertension 35(67.3)
Diabetes mellitus 16 (30.8)
Dyslipidemia 31(59.6)
Current smokers 26 (50.0)
Previous cardiac events, n(%)
Myocardial Infarction 7(13.5)
Cardiovascular history, n (%)
Percutaneous coronary intervention 2(3.8)
Myocardial revascularization 2(3.8)
Comorbidities, n (%)
Renal failure* 9(17.3)
Pre-intervention clinical picture, n (%)
Unstable angina 16 (30.8)
NSTEMI 10 (19.2)
STEMI 26 (50.0)

#Creatinine clearance <60 mi/min; STEMI: ST segment-elevation myocardial infarction, NSTEMI: non- ST segment-elevation myocardial elevation

The angiographic characteristics of the included patients
are shown on Table 2. Most patients presented single-artery
obstruction, and the artery most frequently treated was the
anterior descendent artery. Regarding anatomic complexity,
57.7% of the lesions were classified as B2 or C according to
ACC/AHA classification. Left ventricular function, according
to global ejection fraction, was 57.8 = 5.3%.

The mean period of time between initial clinical
presentation of the acute coronary syndrome and
cinecoronariography performance was 6.1 = 1.8 days, and
8.2 = 2.5 days for the percutaneous coronary intervention.
Regarding the procedure’s technical characteristics, 38% of
the lesions were dilated previously to stent implantation.
Stent post-dilation was performed in 90% of the patients.

Hospital and 30-day outcomes

All the 52 included patients were submitted to coronary
intervention with clinical and angiographic success, and
were discharged after a mean period of 1.32 = 0.86 days.
Thirty days after the procedure, the patients were
submitted to the planned clinical, laboratorial and
electrocardiographic evaluations. There were no cases
of stent thrombosis, major cardiac events (death, infarct
or stroke) or myocardial ischemia symptom recurrence
in this period.

Virtual Histology® ultrasound evaluation

Radiofrequency ultrasound results (Virtual Histology®) are
shown in table 3. According to the proposed classification,
fibroatheroma and calcified fibroatheroma lesions
predominated (61.5% of the total). Nine (17.3%) of the lesions
were defined as thin-cap fibroatheromas.

Regarding the plaque components mean percentage,
the fibrotic tissue was the predominant component
(59.6 = 15.8% of the total analyzed plaque volume);
approximately 20% of the total lesion volume was
composed by necrotic core. Figure 3 shows the median
and interquartile intervals of the volumetric percentage of
each one of the four atherosclerotic plaque components.

Association of the atherosclerotic lesion characteristics
according to Virtual Histology® and C-reactive protein levels

C-reactive protein basal levels of the patients included
in this study were 16.02 = 18.07 mg/| (reference value,
< 5 mg/l). No association was observed between the
atherosclerotic lesion component percentage according
to Virtual Histology® findings and the inflammatory
marker high sensitivity C-reactive protein measured before
percutaneous coronary intervention. Figure 4 show the
correlation graphics between different plaque components
and pre-procedure C-reactive protein levels.
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Table 2 - Angiographic characteristics

Variables

[mean and standard deviation or n(%)] (n=52)
Arterial disease extension

Single artery 34 (65.4)

Two arteries 17 (32.7)

Three arteries 1(1.9)
Treated vessel

Anterior descendent artery 39 (75)

Circumflex artery 10(19.2)

Right coronary artery 13 (25)
Lesion localization

Ostium 2(3.8)

Proximal 21(40.4)

Medium 28 (53.8)

Distal 1(1.9)
Lesion classification*

A/B1 22 (42.3)

B2/C 30(57.7)
LV ejection fraction, % 57.8+53

art.. artery LV: left ventricle; *According to the classification proposed by the American Heart Association and American College of Cardiology

Table 3 - Characteristics of the atherosclerotic plaques at Virtual Histology®

Variables Total
[mean and standard deviation or n(%)] (n=52)
Plaque type™®
Fibrotic 8(15.4)
Fibrocalcified 3(5.8)
Fibroatheroma 19 (36.5)
Calcified fibroatheroma 13 (25)
Thin-cap fibroatheroma 9(17.3)
Percentage (%)
Fibrotic 59.6 +15.8
Fibrofatty 76182
Calcium 12192
Necrotic 20.7£12.7

The variation between this inflammatory marker basal
levels and the levels observed 24 hours after the intervention
(s A CRP) was calculated as 3.18 + 6.26 mg/L. As for the
pre-intervention measurement, no correlation was detected
between individual C-reactive protein variations and treated
plaque components (Figure 5).

Arq Bras Cardiol. 2013;101(1):78-86

Discussion

In our prospective study with acute coronary syndrome
patients, the plaque composition according to Virtual
Histology® ultrasound was predominantly fibrotic, with a
high percentage of the necrotic component. No correlation
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Figure 3 - Graphic representation (median and interquartile intervals) of the volumetric percentages of each component of the treated atherosclerotic plaques.

was found between the basal C-reactive protein levels (or
the pre- and post-intervention level range) and the culprit
atherosclerotic plaque composition in this series.

Pathology studies demonstrate that the rupture of
plaques with large necrotic and inflammatory cores and
subsequent thrombosis are the main mechanisms that
determine the occurrence of acute coronary syndrome.
These findings correlate with Virtual Histology® results.
Using this method, Pundziute et al'® observed that the
mean percentage of necrotic cores in the observed coronary
lesions was significantly greater in acute coronary syndrome
patients than in stable angina patients (11.2 = 6.1% versus
9.1 = 4.6%, p = 0.02). In an analysis of 318 cases, Hong
et al' report that the culprit plaque morphology of patients
with unstable clinical picture is distinct of the target lesions
in stable patients: the necrotic core at the major lumen
reduction point is larger (33% versus 29%, p = 0.015)
and the fibrofatty tissue percentage is smaller (5% versus
7%, p = 0.020), respectively. Rodriguez-Granillo et al'®
demonstrated that the mean percentage of necrotic content
is larger in the non-culprit lesions of patients with unstable
syndromes than in the atherosclerotic plaques in stable
patients (12.26% + 7.0% versus 7.4 = 5.5%), p < 0.006),
suggesting that the systemic pro-inflammatory status can
influence not only the destabilization of culprit lesions but
also the activation of quiescent lesion in other coronary
sites. Surmely et at'® report that, at least in the site with the

smaller lumen diameter, the fibrotic component area can
be larger in the plaques of patients with acute syndrome
than in stable individuals (6.0 = 10.7 versus 61.4 + 8.9%,
p = 0.034). In our study, most culprit lesions were classified
as fibroatheromas or calcified fibroatheromas; great
variation in plaque types was observed, and 17.3% were
defined as thin-cap fibroatheromas. The fibrotic component
(59.6% = 15.8%) predominated in the analyzed lesions,
which also showed a large percentage of necrotic cores
(20.7% = 12.7%).

C-reactive protein, a laboratorial marker of the systemic
inflammatory status, is also synthesized at the site of the
atherosclerotic plaque, and would reflect the destabilization
process’®. Various studies searched to evaluate the
association between C-reactive protein levels and
atherosclerotic plaque characteristics at monochromatic
intracoronary ultrasound. In a study with post-AMI patients,
Sano et al”” found a higher prevalence of lesions with
rupture ultrasonographic changes, with positive remodeling
or lipid lakes in individuals with high C-reactive protein
levels, as compared to patients with normal levels of this
marker. Hong et al'®, on the other side, in a intracoronary
ultrasound performed on the three main vessels, found that
high C-reactive protein levels were the only predictors of
ruptured plaques. In our investigation with radiofrequency
intracoronary ultrasound, however, no association was
found between the component percentage in the culprit
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Figure 4 - Correlation graphics of the culprit plaque components and the basal high sensitivity C-reactive protein level (PCR as PRE-PCI). A) Fibrotic component.
B) Fibrofatty component. C) Calcium D) Necrotic core. PCI: Percutaneous coronary intervention.
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Figure 5 - Correlation graphics of the culprit plaque components and the high sensitivity C-reactive protein level variation (pre- and post-intervention). A) Fibrotic
component. B) Fibrofatty component. C) Calcium D) Necrotic core.
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plaque and the serum C-reactive protein levels. Itis possible
that, since only the lesions that had already suffered erosion
or rupture were analyzed, part of the necrotic core had
already embolized; consequently, the observation of a
smaller percentage of this component may have led to the
classification of some lesions as fibrotic and influenced the
correlation with C-reactive protein levels.

It is known that distal embolization of necrotic content
and atherosclerotic plaque debris during percutaneous
coronary intervention is associated to adverse clinical
and angiographic outcomes. Virtual Histology® is being
investigated in this setting for the identification of lesions
with higher complication risk. Various studies with
STEMI AMI demonstrated that a higher percentage of the
necrotic core in the treated plaques is associated to the
development of electrocardiographic signs suggestive of
non-reperfusion', to no-reflow occurrence?® and to the
appearance of transient and high frequency signals at
intracoronary Doppler?' - indicating distal embolization.
These complications may be accompanied by an increase
in C-reactive protein levels. In our series, no ischemic
complications related to the revascularization procedure
occurred, and no association was detected between the
component percentages in the culprit lesion and the
C-reactive protein increase. Drug therapy started before
the intervention (dual antiplatelet therapy, anti-thrombin
drugs and statins) may explain the discrepancy between our
study’s findings and the ones previously reported.

Limitations

Some limitations of this study are related to the imaging
method itself. First, since it is a technology based on
ultrasound principles, Virtual Histology® has a 100-um axial
resolution and 250-um lateral resolution, which prevents
the detection of plaques with thinner fibrotic plaques
(< 65 um), which have been pointed out as precursors of
acute ischemic events. Moreover, not all plaque components
are identified by the method: intraluminal thrombus, for
example, is not included in contemporary classification
algorithms. Thus, thrombotic tissue is automatically
classified as a fibrous or fibrofatty component'. Due to
it, the observation of images suggestive of thrombus at
angiography (common in patients with acute syndromes) is
one our study’s exclusion criteria. Similarly to conventional
intracoronary ultrasound, non-confluent calcium deposition
does not lead to difficulties in the evaluation of the most
profound plaque tissues. On the other side, due to the
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