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Abstract Purpose: To emphasis the role of MSCT utilizing the remodeling index in assessment of
positive coronary remodeling which was associated with plaque rupture and vulnerability.
Methods and material: Studied group included 35 patients with positive coronary remodeling. One
lesion per patient was assessed, either a solitary lesion or the most significant one. All patients were
subjected to history taking and radiological evaluation using a contrast-enhanced 64 MSCT then
post processed. Assessment of the plaque causing positive remodeling regarding the site, number
(single, kissing, or multiple), relative composition and predominant type in H.U. was performed.
Specific measurements at the reference and remodeling segment were taken. Calculation of remod-
eling index was done. Two comparative groups were made between subjects with remodeling index
(RI) < 1.5 and RI > 1.5.

Results: A strong correlation was noted between lipid plaque area, plaque cross sectional area and
multiplicity of plaques with remodeling index (p value < 0.001). There was no correlation between
the RI with either the patient coronary risk factors or symptomatology.

Conclusion: Previous studies had shown that most acute coronary syndromes were initiated by sud-
den changes of mildly stenotic lesions, commonly found in positively remodeled vessels. Promising
comparative results between MSCT and IVUS allowed consideration of MDCT as a useful tool in
the noninvasive detection of potentially threatening coronary lesions. In our study, RI > 1.5
showed a strong correlation between the lipid plaque area, multiplicity of the plaques, and cross
sectional area which were prognostic factors for plaque rupture and vulnerability, and thus, early
detection of coronary artery disease. Modulation and prevention of positive remodeling by statin
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could promote to start medical treatment especially in cases where RI exceeds 1.5 and their follow
up non-invasively by MDCT to detect reversal of remodeling and response of treatment.

© 2014 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier

B.V. All rights reserved.
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1. Introduction

The change of cross-sectional vessel size that occurred during
the growth of atherosclerotic lesions was referred to as remod-
eling (1). Atherosclerosis was a systemic disease with multifo-
cal heterogeneous manifestations. Because multiple plaques
at different stages of progression and variable morphology
could coexist within the same patient or even artery, character-
izing and risk-stratifying each individual plaque in vivo would
be invaluable. Increasing attention had been focused on the
in vivo identification of high-risk plaques most likely to rup-
ture and cause an acute coronary event (2). Coronary arterial
remodeling described changes of vessel size at the site of ath-
erosclerotic lesions. Positive remodeling (expansion) of early
lesions maintained lumen size despite plaque accumulation.
In contrast, negative remodeling (shrinkage) contributed to
luminal stenosis independent of plaque accumulation (3). It
was also well established that plaques with high lipid content
were more vulnerable to rupture. Coronary artery plaques that
underwent positive remodeling had a significantly larger lipid
core and a higher macrophage count than did those that
underwent vessel shrinkage. Therefore, these findings
explained the basis of plaque vulnerability at sites of excessive
vessel remodeling and suggested a possible explanation for the
apparent paradox of positive remodeling, which might be both
beneficial (avoiding luminal stenosis) and harmful (promoting
plaque vulnerability) (4). The plaque composition was poten-
tially relevant, provided the histological features known to dis-
tinguish high-risk atherosclerotic plaques, such as their large
lipid core. Importantly, these lesions did not necessarily pres-
ent with significant obstruction to flow, but with eccentrically
positive remodeling that enlarged the whole diameter of the
vessel. This explained why these lesions might pass undetected
by conventional angiography, while their adequate invasive
assessment required IVUS studies (5).

The aim of this study was to emphasize the role of MSCT in
evaluation of coronary artery remodeling being a risk factor
for plaque vulnerability and rupture (see Figs. 1,2,3 and 4)

2. Material and methods

2.1. Study population

Over a period of 8 months, from December 2012 till July 2013,
MDCT coronary angiography study was performed for 35
patients (20 male and 15 females). Their mean age was
55 + 8.6 years ranging from 39 to 70 years old while the inter-
quartile range was 49-62 years old. The prevalence of the
patients that had cardiovascular symptoms with or without
coronary risk factors was 25 cases (71.4%), including chest
pain, palpitation or ECG abnormalities, while the asymptom-
atic subjects came for check up but having identifiable coro-
nary risk factors were 10 cases (28.8%). Cases were analyzed
in a specialized private center in Cairo. The study was per-
formed after approval of the Ethics committee of scientific
Research, faculty of medicine, Ain Shams University. All
patients were requested to do MSCT coronary angiography
by their physicians.

2.2. MSCT protocol

The study was performed at 64 multislice CT (Toshiba) for all
35 cases. Reassurance of the patient from the entrance to the
scanning room was performed, including an appropriate
knowledge of the whole process. A history of hypersensitivity
to iodinated contrast media must be ruled out. Previous acute
or chronic renal failure had to be considered. A stable venous
line should be available, this requiring an 18-to-20 gauge
needle placed into an antecubital vein. The preparation for
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Fig. 1 Female patient, 66 years old, with history of controlled hyperlipidemia, came for evaluation of dyspnea. (A) Contrast-enhanced
64 multi-detector rows cross sectional CT image: average caliber dominant RCA is seen normally arising from right coronary sinus giving
PDA and PL branches. There are eccentric multiple small predominantly calcific component plaques (white arrowhead) at proximal
portion of RCA causing no significant stenosis, the largest measures 2.9 mm in length and 2.6 mm in width. (B and C) Curved multiplanar
reformation images of right coronary artery (RCA) show multiple eccentric predominantly calcific plaques causing positive remodeling
(white arrowhead). (D) Colored MPR shows positive remodeling at proximal portion of RCA (white arrowhead) (E and F) magnified
colored and gray scaled MPR image shows + ve remodeling (as shown by white arrowhead) while the calcified plaques are yellow colored
at E. Note the reference segment is free of plaques (white arrow). (G&H) Colored and grey scaled magnified MPR cross sectional images
at the site of positive remodeling show the same findings (white arrowhead). The calculated remodeling index = 1.32.

the study must include a pre-exam testing of the ability of the
patient for sustaining a breath-hold long enough for the pur-
poses of the examination. All patients received beta-blocking
agents (metoprolol 50-100 mg) to decrease heart rate to about
65-70 beat per minute.

Patients were placed within the gantry of the CT scanner in
the supine position. According to the expected location of the
coronary arteries obtained from the AP and lateral scout

images, a preliminary scan without contrast injection was
performed to determine the total calcium burden (calcium
score) of the coronary tree; followed by ECG gated acquisi-
tion for coronary angiography with contrast material injected
via a pump with total volume about 65-75 cc/patient. In all
cases, the administration of the contrast was performed at a
rate of 4-5 cc/s in order to more reliably enhance the vascular
bed.
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Fig. 2 A male patient, 40 years old, with history of controlled hypertension, came for check up examination with no cardiac symptoms.
(A) Contrast-enhanced 64 multi-detector row cross sectional CT image: average caliber of LAD is seen arising from LM demonstrating an
eccentric mixed plaque, predominantly of soft tissue component at its mid portion causing no significant stenosis. The plaque measures
5.7 mm in length and 1.4 mm in width (black arrowhead). (B) Curved multiplanar reformation images of left anterior descending artery
(LAD) show a single eccentric predominantly soft tissue plaque having foci of calcification causing positive remodeling (as shown by white
arrowhead). Note the lumen is patent with no plaque encroachment upon the lumen. (C) Magnified MPR image shows the +ve
remodeling as shown by white arrowhead. (D) A colored cross-sectional image at site of positive remodeling (white arrowhead) showing
the medium attenuation plaque (blue colored), and foci of calcium (yellow colored) and scanty lipid (red colored). (E&F) colored and grey
scaled magnified MPR showing the same findings. Note the reference segment is free of plaques (white arrow). The calculated remodeling

index = 1.22.

3. Data processing for MSCT

3.1. Post processing

The acquired images were transferred to off-line workstations
(extended work space “EWS”); (Toshiba Vitrea Medical
Systems and Philips Medical Systems). The most expansive

atherosclerotic lesion in the original MDCT data sets was iden-
tified; serial multiplanar reconstructions (slice thickness 1 mm)
were rendered in an orientation perpendicular to the longitudi-
nal axis of the respective coronary artery segment. The cross-
sectional vessel area was determined in a reference segment
without detectable plaque proximal to and as close as possible
to the respective coronary lesion (in absence of a segment
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Fig.3 A male patient, 58 years old, with controlled diabetes, came for check up for atypical chest pain. (A) Contrast-enhanced 64 multi-
detector row cross sectional CT image: average caliber LAD is seen arising from LM demonstrating an eccentric mixed plaque,
predominantly of calcific component at its mid portion causing no significant stenosis. The plaque measures 5.7 mm in length and 1.4 mm
in width (white arrowhead). (B&C) Grey scale and colored curved MPR images respectively of left anterior descending artery (LAD) show
a single eccentric predominantly calcific plaque causing positive remodeling (as shown by white arrowhead). Note the lumen is patent
with no plaque encroachment upon the lumen. (D&E) Magnified MPR image grey scale and colored images respectively shows the
+ve remodeling as shown by white arrowhead. The calcified component is yellow colored while the scanty soft tissue component is
blue colored. Note the reference segment is free of plaques (white arrow). (F and G) A colored cross-sectional image at site of positive
remodeling (white arrowhead) showing the calcified component of the plaque (yellow colored). The calculated remodeling

index = 1.72.

without plaque, the least diseased segment between the lesion
and the coronary ostium or major bifurcations), and several
measurements were acquired including the lumen area, vessel
wall surface area, wall thickness, as well as wall percent area
(wall thickness/vessel surface area) and wall/lumen percentage.
Also, these measurements were repeated at the site of maxi-
mum arterial remodeling and compared with the reference seg-
ment measurements. Each plaque was analyzed separately and
the relative component (low attenuation, medium attenuation,
calcific components), was measured by both surface area and
area percentage. The average mean density of the plaque was
measured.

3.2. Statistical methods

Data were analyzed on a personal computer using the IBM©
SPSS© Statistics version 21 (IBM© Corp., Armonk, NY,
USA) and MedCalc®© version 12.5 (MedCalc© Software bvba,
Ostend, Belgium). The Shapiro—Wilk test was used to test the
normality of numerical data distribution. Numerical data were
presented as median and interquartile range, and the Mann—
Whitney test is used to compare between-group differences.
Nominal data were presented as number and percentage, and
differences between groups were compared using Fisher’s exact
test.
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Fig. 4 Male patient, 62 years old, has history of controlled hyperlipidemia, with past history of primary stent of RCA, came for check
up, the stent was patent. (A) Contrast-enhanced 64 multi-detector row CT cross sectional image: show site of positive remodeling with a
mixed plaque of predominantly soft tissue component at mid portion of LAD measuring 5.7 X 2.6 mm, there was no luminal narrowing or
stenosis as shown by white arrowhead. (B and C) Cross-sectional image at site of positive remodeling showing a predominantly soft tissue
plaque at mid portion of LAD. Note the delineation of the lumen area in (B) in red line and delineation of the lumen (red line) and the
whole vessel surface area (blue line) in (C) making the plaque causing positive remodeling more obvious (white arrowhead). (D) Curved
MPR shows the eccentric predominantly soft tissue plaque with a small calcific component causing positive remodeling (white arrowhead)
with no luminal narrowing. Note the reference segment is free of plaques (white arrow). (E) A colored cross sectional image at the site of
remodeling shows the main plaque component which was soft tissue as violet colored (white arrowhead). (F) Colored volume rendered
image shows the plaque causing positive remodeling with tagging the main soft tissue component as blue colored and the small calcific
component as orange colored (white arrowhead). Note the reference segment is free of plaques (white arrow). The calculated remodeling

index in this case = 1.86.

Correlations among normally distributed numerical vari-
ables were examined parametrically using the Pearson product
moment correlation. For non-normally distributed variables,
correlations were examined non-parametrically using the
Spearman rank correlation. The value of numerical variables
for discrimination between binary attributes was tested with
receiver-operating (ROC) curve analysis and estimation of
the area under the ROC curve (AUC). Two-sided p val-
ues < 0.05 were considered statistically significant.

4. Results

The study was performed on thirty-five patients, their mean
age was 55 £ 8.6 years ranging from 39 to 70 years while the
interquartile range was 49-62 years, twenty were male and fif-
teen patients were female, 14 patients (40%) were hypertensive,
15 patients (42.9%) were diabetic, 25 patients (71.4%) were
smokers, 3 patients (8.6%) had obesity, 8 patients (22.9%)
had hyperlipidemia, 11 patients (11.4%) had previous PCI, 9
patients (25.7%) had positive family history of CAD (Table 1).
18 patients had two or more coronary risk factors. 10 patients

had a single coronary risk factor. 7 patients had no coronary
risk factors.

The prevalence of the patients having cardiovascular symp-
toms with or without coronary risk factors was 25 cases
(71.4%), including chest pain, palpitation or ECG abnormali-
ties, while the asymptomatic subjects came for check up but
had identifiable coronary risk factors were 10 cases (28.8%).

The resultant remodeling index was ranging from 1.07 to
1.98 with mean 1.36 + 0.22 while the interquartile range was
1.24-1.49. As 50% of the patients were in the interquartile
range, the value of 1.5 represents the 75th percentile. So, two
comparative groups were made, depending on the remodeling
index value dividing all cases into who were below 1.5 (25
cases) and who were above 1.5.

In our study, there were 4 plaques (11.4%) in LM artery, 17
plaques (48.6%) in LAD, 3 plaques (8.6%) in LCX, 11 plaques
(31.4%) in RCA. The distribution of the study cases regarding
the site of predilection was 2 plaques at the ostium, 15 plaques
at the proximal region, 13 plaques at mid region, and 5 plaques
at distal region (Table 2). There was no correlation between
the RI > 1.5 and predilection for certain blood vessels or a
specific area of the blood vessel.
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Table 1
(=75th percentile): patient characteristics and risk factors.

Comparison between subjects with remodeling index < 1.5 (<75th percentile) and those with remodeling index > 1.5

Variable Remodeling index < 1.5 Remodeling index > 1.5 p value
(< 75th percentile, n = 27) (=75th percentile, n = 8)

Gender

Female N 11 4 0.700
% 40.7% 50.0%

Male N 16 4
% 59.3% 50.0%

Smoking status

Non-smoker N 20 5 0.626
% 74.1% 62.5%

Ex-smoker N 2 0
% 7.4% 0.0%

Current smoker N 5 3
% 18.5% 37.5%

Risk factors for CAD

Obesity N 3 0 1.0
% 11.1% 0.0%

Hypertension N 11 3 1.0
% 40.7% 37.5%

Hyperlipidemia N 6 2 1.0
% 22.2% 25.0%

Diabetes N 10 5 0.246
% 37.0% 62.5%

Family history of N 6 3 0.396

CAD % 22.2% 37.5%

The mean plaque density was calculated with mean density
of 352.6 + 210.4 while the range was from 34H.U. up to
848H.U. The predominant type of the plaques were 2 plaques
of low attenuation, 4 plaques of medium attenuation, 16 cal-
cific plaques, 13 mixed plaques. As regards the number of
the plaques at the focused lesion, it was found the plaque
was a single component in 29 cases, kissing (2 components)
in 4 cases, and multiple components in 2 cases. There was a
strong correlation between the multiplicity of the plaque and
the RI > 1.5 with p value = 0.016 (Table 3). However, no cor-
relation was found between RI > 1.5 and the predominant
type of the plaque.

The median of lipid plaque area in the patients with
RI < 1.5 was 0.3 with the interquartile range 0.2-0.9 mm?>
when compared to those patients with RI > 1.5, the median
was 1.5 with the interquartile range 0.6-2.8 mm?>, there was a
strong correlation between RI and Lipid plaque area (mm?)
with p value = 0.004.

The median of cross sectional area of the plaque in the
patients with RI < 1.5 was 5.7 with the interquartile range
4-7.8 mm? when compared to those patients with RI > 1.5,
the median was 9.1 with the interquartile range 7.7-17 mm?,
there was a strong correlation between RI and the cross sec-
tional area (mm?) with p value = 0.001 (Tables 3 and 4).

There was a significant correlation between the high remod-
eling index > 1.5 and the increased any of the plaque compo-
sitions of either lipid plaque area, soft plaque area, or calcium
plaque area with p value < 0.001 (Table 5).

There was no significant correlation between the coronary
risk factors, the patient gender and the RI > 1.5 as shown in
Table 1. Also, no correlation was found between the patient
symptomatology and remodeling index (Table 2).

It was found by using Receiver-operating characteristic
(ROC) curve analysis for the value of the remodeling index
that the remodeling index could not be used as tool for dis-
crimination between symptomatic and asymptomatic subjects.

5. Discussion

Coronary artery wall remodeling (CAR) had recently been rec-
ognized as an important feature of atherosclerosis develop-
ment (6). Coronary artery disease (CAD) was currently
defined as clinically significant when luminal narrowing was
present, typically at the 50% diameter reduction threshold.
However in early atherosclerosis, the first arterial changes con-
sisted of compensatory enlargement of both the outer wall of
the vessel as well as the lumen, termed compensatory enlarge-
ment or positive remodeling. Evidence from histopathologic
and clinical studies suggested that positive remodeling was
associated with plaque vulnerability and plaque rupture. As
coronary artery wall thickness increased, the overall vessel size
(outer contour area) increased at a greater rate than the change
in the lumen area. This indicated the coronary vessel size
enlarged to compensate for atherosclerotic change, i.e., posi-
tive remodeling (7).

Surmely et al. (8), confirmed that positive coronary arterial
remodeling predominantly occurred in plaques of patients with
acute coronary syndromes, the observation was made in a lar-
ger series of patients by using virtual histology — intravascular
ultrasound. In a series of 85 patients, 25% of patients with
negative remodeling by IVUS presented with acute coronary
syndrome compared with 52% of patients whose plaque had
evidence of positive remodeling.
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Table 2 Comparison between subjects with remodeling index < 1.5 (<75th percentile) and those with remodeling index > 1.5

(=75th percentile): principal findings on MSCT.

Variable Remodeling index < 1.5 Remodeling index > 1.5 p value
(< 75th percentile, n = 27)  (>75th percentile, n = 8)
Principal vessel involved by remodeling LMA N 4 0 0.223
%  14.8% 0.0%
LAD N 13 4
%  48.1% 50.0%
LCX N 1 2
%  3.7% 25.0%
RCA N 9 2
%  33.3% 25.0%
Site of principal plaque Osteal N 2 0 0.218
%  7.4% 0.0%
Proximal N 9 6
%  33.3% 75.0%
Mid-lesion N 11 2
%  40.7% 25.0%
Distal N 5 0
%  18.5% 0.0%
Multiplicity of plaques Single N 25 4 0.016
%  92.6% 50.0%
Kissing N 1 3
%  3.7% 37.5%
Multiple N 1 1
%  3.7% 12.5%
Predominant type of plaque Low-attenuation N 1 1 0.389
%  3.7% 12.5%
Medium-attenuation N 3 1
%  11.1% 12.5%
Calcific N 14 2
%  51.9% 25.0%
Mixed N 9 4
%  33.3% 50.0%

Table 3 Comparison between subjects with remodeling index < 1.5 and those with remodeling index > 1.5: numerical variables.

Remodeling index < 1.5 (< 75th percentile, n = 27) Remodeling index > 1.5 (>75th percentile, n = 8)

Variable Median Ist quartile 3rd quartile Median st quartile  3rd quartile  p value
Age (y) 55.0 49.0 62.0 57.0 47.0 58.8 0.937
Lipid plaque area (mm?) 0.3 0.2 0.9 1.5 0.6 2.8 0.004
Lipid plaque area percentage (%) 6.7 3.5 12.6 13.5 5.7 22.1 0.080
Soft plaque area (mm?) 2.0 1.0 3.6 3.9 2.2 7.5 0.052
Soft plaque area percentage (%) 34.0 24.0 50.7 41.4 24.9 43.6 0.860
Calcium plaque area (mm?) 2.6 1.5 4.1 6.3 1.4 8.4 0.121
Calcium plaque area percentage (%) 56.5 43.7 67.1 45.7 20.0 54.5 0.195
Plaque cross-sectional area (mm?) 5.7 4.0 7.8 9.1 7.7 17.0 0.001
Mean plaque density (HU) 340.0 187.0 478.0 227.0 146.5 673.3 0.504

Miao et al. (7), studied noninvasively the positive coronary
wall remodeling in asymptomatic individuals with no history
of CAD as well as the relationship between coronary calcifica-
tion and arterial wall thickness by black-blood coronary MRI.
Positive remodeling was present in the coronary arteries of
both men and women. Mean coronary wall thickness was
assessed by MRI as a measure of atherosclerosis, and the
lumen area on average showed a slight increase as wall thick-
ness increased. However the predominant change in the vessel
size was a more substantial increase in the outer contour area

of the vessel wall, these relationships persisted after adjusting
for body size or heart size.

In an interesting article by Burke et al. (9), coronary seg-
ments (n = 2885) were harvested from the hearts of 36 patients
who died of severe coronary artery disease and remodeling was
determined by morphometric analysis of 657 sections selected
as reference segments and 1318 segments with atheromatous
plaques. There was no significant difference in remodeling in
age > 65 or <65, although in men there was more remodeling
in the older group. In the present study, the two comparative
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Table 4 Comparison between subjects with remodeling index < 1.5 (<75th percentile) and those with remodeling index > 1.5

(=75th percentile): indication for MSCT and symptomatology.

Variable Remodeling index < 1.5 (<75th Remodeling index > 1.5 (=>75th p value
percentile, n = 27) percentile, n = 8)

Indication for MSCT

Typical chest pain N 9 4 0.433
%  33.3% 50.0%

Atypical chest pain N 5 3 0.346
% 18.5% 37.5%

Dyspnea N 4 0 0.553
% 14.8% 0.0%

Palpitations N 1 0 1.0
%  3.7% 0.0%

Abnormal ECG N 1 0 1.0
%  37% 0.0%

Follow-up for Previous PCI N 2 2 0.218
%  1.4% 25.0%

Dilated cardiomyopathy N 1 0 1.0
%  3.7% 0.0%

Patient’s request for check- N 10 1 0.387

up %  37.0% 12.5%

Symptomatology

Chest pain, dyspnea, and/ N 18 7 0.390

or palpitation % 66.7% 87.5%

Asymptomatic 9 1

33.3% 12.5%

Table 5 Correlation between the remodeling index and other
numerical variables.

Remodeling index

Correlation p value

coefficient
Age —0.078 0.656
Lipid plaque area 0.644 <0.0001
Lipid plaque area percentage 0.283 0.100
Soft plaque area 0.655 <0.0001
Soft plaque area percentage 0.146 0.403
Calcium plaque area 0.652 <0.0001
Calcium plaque area percentage —0.252 0.145
Plaque cross sectional area 0.880 <0.0001
Mean plaque density —0.078 0.655

groups were between those had remodeling index below 1.5
and those had remodeling index more than 1.5, no correlation
was noted between either age or sex with high remodeling
index > 1.5.

Two recent studies had shown an association between posi-
tive arterial remodeling and both unstable angina pectoris and
acute myocardial infarction. However, what was unclear was
by what mechanism the positive arterial remodeling led to
unstable syndromes. Cardiovascular risk factors had been sug-
gested as predictive of the degree of arterial remodeling, but
with some conflicting results. In one study in patients undergo-
ing percutaneous coronary intervention, there were no plaque
characteristics as identified by IVUS that predicted arterial
remodeling, nor were any risk factors predictive of negative
remodeling apart from smoking, which was associated with
negative remodeling. Lipoproteins had been described in

relation to arterial remodeling, and HDL level was correlated
with positive arterial remodeling in the aforementioned histo-
pathological study. One small IVUS-based study found an
association between total cholesterol levels and positive arte-
rial remodeling, although this had not been confirmed by
another larger study. Thus, there was no clear association
between any cardiovascular risk factors and the degree of arte-
rial remodeling in the literature, patients with stable angina
pectoris undergoing percutaneous coronary intervention, were
identified to have a positive relationship between arterial
remodeling at the culprit site and systemic markers of inflam-
mation (10). In our present study, there was no association
between any coronary risk factors and arterial remodeling.

Cardiovascular risk factors like hypertension and hyper-
cholesterolemia were associated with reduced positive or even
negative remodeling. Moreover, the total number of classical
cardiovascular risk factors was a strong predictor for reduced
positive remodeling. In contrast, coronary flow reserve, a mea-
sure of shear stress imposed on the vessel wall, positively cor-
related with compensatory enlargement. Cardiovascular risk
factors impaired compensatory arterial enlargement and even
predispose to shrinkage of epicardial arteries during the initial
stage of atherosclerosis. Reduced positive vascular remodeling
might contribute to the clinical manifestation of CAD by facil-
itating the development of flow-limiting stenosis in patients at
risk (11).

Lee et al. (16), had reported that HDL-cholesterol level was
negatively correlated with coronary remodeling index, imply-
ing that coronary arteries tend to develop a positive remodel-
ing pattern as serum level of HDL-cholesterol decreases. When
stratified according to diabetic status of the patients, the neg-
ative correlation between HDL-cholesterol and the remodeling
index was only observed in nondiabetic patients. It was found
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that the diabetic status of the patients might have an impact on
the correlation between HDL-cholesterol level and remodeling
index, with significant correlation demonstrated only in non-
diabetic patients. The remodeling index was not significantly
associated with any of the demographic and coronary risk fac-
tors named age, gender, ethnicity, hypertension, mean body
mass index, diabetes, hyperlipidemia, smoking, family history
of coronary artery disease, and previous infarction.

In another study performed by Schmid et al. (12), it was
noted that positive remodeling of coronary atherosclerotic
lesions correlated to lower CT attenuation of plaque, which
had been demonstrated to be associated with lipid-rich plaque.
Both characteristics indicated increased risk for plaque rupture
and subsequent events and could thus prove useful when the
use of CT imaging for the detection of vulnerable plaque.
Achenbach et al. (1), reported that The CT information from
their study was also similar to the descriptions available from
an IVUS study, where in the plaques leading to an acute cor-
onary event subsequently exhibited a large eccentric plaque
containing an echolucent zone by IVUS.

In an intravascular ultrasound study on 41 consecutive
patients retrospectively selected after screening a 54 patient
database having angiographically non-obstructive (<50%)
lesions with positive remodeling, it was found that significantly
larger lipid core percentages were correlated more with posi-
tive remodeling than lesions with no remodeling or negative
remodeling(13).

Varnava et al. (4), studied 88 male subjects who died sud-
denly with coronary artery disease, 108 plaques were studied.
The percent remodeling was calculated. Lesions with remodel-
ing >0% were considered to have positive remodeling, and
those in which remodeling was <0% were considered to have
negative remodeling. Percent lipid core and macrophage count
at the plaque were assessed. Of 108 plaque sites, 64 (59.2%)
had undergone no remodeling or positive remodeling, and 44
(40.7%) had negative remodeling (vessel shrinkage). Lesions
with positive remodeling, compared with lesions with vessel
shrinkage, had a larger lipid core (percent mean lipid core
was  39.0 £ 21.0% versus 22.3 £ 23.1%, respectively;
p < 0.0001) and a higher macrophage count (mean macro-
phage count was 15.6 + 12.3 versus 8.9 £ 11.6, respectively;
p = 0.005).

Clarkson et al. (1994) studied the left anterior descending
coronary artery from 100 humans and 416 monkeys with a his-
tomorphometric study on human right, left anterior descend-
ing, and left circumflex arteries. This study showed that, in
distal segments, lumen size decreased with plaque area, sug-
gesting that remodeling had occured much less in distal seg-
ments than in proximal segments, and the plaque size itself
was an important component of luminal compromise in these
vessels. In addition, the degree of remodeling, as compared
with reference segments, was lesser in distal segments based
on plaque area than proximal segments. These data differed
from those of Sabate et al. (1999), who, in an ultrasound study,
showed that the location of plaque at distal segments was an
independent predictor of compensatory enlargement (8). In
the present study, no specific predilection could be made
between the RI > 1.5 and a certain coronary vessel or a spe-
cific location.

The assessment of remodeling by MDCT in coronary ath-
erosclerotic lesions might add additional information about
the propensity of a plaque to rupture and cause coronary

events. Thus, if MDCT imaging for risk assessment were con-
sidered, the ability of MDCT to determine the extent of
remodeling in coronary atherosclerotic lesions could be useful.
In a subset of 13 patients, IVUS was performed to verify the
accuracy of MDCT measurements, and cross-sectional vessel
areas measured in MDCT correlated closely to the external
elastic membrane area measured in IVUS (1).

Kroéner et al. (2011) studied the association between posi-
tive remodeling on computed tomography angiogram (CTA)
and vulnerable plaque characteristics on virtual histologic
intravascular ultrasound (VH IVUS) images. Forty-five
patients underwent computed tomographic angiography fol-
lowed by VH IVUS. On CTA, the remodeling index was deter-
mined for each lesion by a blinded observer using quantitative
analysis. Positive remodeling was defined based on a remodel-
ing index > 1.0. Percent necrotic core and presence of thin-
capped fibroatheroma (TCFA) were used as markers for pla-
que vulnerability on VH IVUS images. Ninety-nine atheroscle-
rotic plaques were evaluated, of which 37 lesions were
identified as having positive remodeling on CTA. Higher levels
of plaque vulnerability were identified in lesions with positive
remodeling compared to lesions without positive remodeling.
Percent necrotic core was significantly higher in lesions with
positive remodeling compared to lesions without this charac-
teristic. Furthermore, significantly more TCFA lesions were
identified in positively remodeled lesions than in lesions with-
out positive remodeling. In conclusion, lesions with positive
remodeling on CTA were associated with increased levels of
plaque vulnerability on VH IVUS images including a higher
percent necrotic core and a higher prevalence of TCFA. Thus
evaluation of remodeling on CTA might provide a valuable
marker for plaque vulnerability (14).

Prior studies had indicated that the process of positive
remodeling could be prevented and modulated by statin ther-
apy. Schoenhagen et al. (2006), studied the effect of lipid low-
ering drugs on positive remodeling over 210 patients and their
follow up by IVUS. Their results demonstrated that plaque-
stabilizing therapy with statin medications was associated with
constrictive wall remodeling. In multivariable analyses, the
percentage change in plaque area, baseline remodeling ratio,
and baseline lesion lumen area, showed a significant, direct
relation with the remodeling ratio at follow-up. These findings
had important implications for the understanding of plaque
stability and remodeling. Together with previous findings
describing the association of expansive wall remodeling with
lesion inflammation and unstable clinical presentation, their
results were consistent with the hypothesis that constrictive
remodeling was associated with plaque stabilization. Based
on these results, lipid depletion and fibrosis were considered
to be related to the concept of plaque regression and stabiliza-
tion. In clinical IVUS studies, the stabilizing effect of lipid-
lowering therapy was primarily reflected in changes of plaque
burden. However, standard gray-scale analysis in serial clinical
IVUS studies had demonstrated a shift to more fibrotic lesion
morphology during lipid-lowering therapy; other studies had
suggested that disease regression might in fact be associated
with constrictive remodeling. In analogy to the process of ves-
sel wall expansion during plaque progression as described by
Glagov et al., vessel constriction during regression has been
termed “reverse remodeling”. There were no significant differ-
ences in IVUS measurements between the intensive and mod-
erate treatment group.
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The promising results of comparison between MDCT and
IVUS allowed consideration of MDCT as a useful tool in
the noninvasive detection of potentially threatening coronary
artery lesions. The technique still had, however, some limita-
tions in this sense. Although recent equipments offered spatial
resolution at the submillimetric level (0.5 mm) which was ade-
quate for a morphological assessment of lesions, it did not per-
mit visualization of important (though very small) structures,
such as the fibrous cap of the lesions. The use of Hounsfield
unit values as a surrogate method for the identification of pla-
que components was also limited by the heterogeneous nature
of lesions themselves; the attenuation coefficient of thrombotic
material into the vessel lumen, for instance, was close to that
exhibited by adipose plaques (15).

6. Conclusion

Positive remodeling was associated with plaque vulnerability
and plaque rupture. Most acute coronary syndromes were ini-
tiated by sudden changes of mildly stenotic lesions, commonly
found in positively remodeled arterial regions, rather than
from progression of lesions already causing significant luminal
narrowing. The identification of mildly stenotic but vulnerable
atherosclerotic lesions and the overall plaque burden could
provide better markers of coronary risk than measuring of
luminal stenosis. There was evolving evidence from basic and
clinical research that some of these ubiquitous coronary hot-
spots are suddenly activated and rupture, causing acute events,
whereas others are associated with asymptomatic disease pro-
gression. With sufficient image quality, MDCT may permit
assessment of remodeling of coronary atherosclerotic lesions.

Manual inspection, in both cross-section and longitudinal
reconstruction, was used for defining the remodeling index
(lesion diameter/reference diameter). The remodeling index
on MSCT was calculated and reported as positive remodeling
if more than 1.

The acquisition technique for a proper classification of a
lesion had not yet been standardized, and MDCT could only
provide a mere indication of the predominant component.
The description of an atherosclerotic lesion by MDCT was,
in summary, highly informative, as it included its morpholog-
ical features, degree of remodeling of the vessel wall, RI, pres-
ence of calcification, and attenuation properties of the plaque
itself, thus constituting an approach to the recognition of its
main tissue component.

Although there was no identifiable remodeling index value
to discriminate between mildly elevated RI and significant RI
in the literature, in our study; the RI value of 1.5 could be sug-
gested as a cut off because it showed a strong correlation
between the lipid plaque area, multiplicity of the plaques,
and cross sectional area which were prognostic factors of pla-
que rupture and vulnerability value and thus, could be used as
a prognostic indicator of early detection of coronary artery
disease and risk stratification.

Modulation and prevention of positive remodeling by statin
which was proved by prior studies promotes the physician to
start medical treatment in those subjects having positive remod-
eling, especially >1.5 and follow up non-invasively by MDCT
to detect reversal of remodeling and response of treatment.

In spite of establishing the relationship between the positive
remodeling on computed tomography angiogram (CTA) and

vulnerable plaque characteristics on virtual histologic intravas-
cular ultrasound (VH-IVUS) images, it would be recom-
mended to perform our study on a large scale to confirm a
cut off value of RI as a predictable value of plaque rupture
and vulnerability.

7. Study limitations

The small population size was acknowledged as a limitation.
Correlation with other modalities such as IVUS + virtual his-
tology and MRI would be beneficial. Also, follow up of the
patients to detect acute coronary syndrome was not feasible.
Postmortem studies did not have the potential to provide pro-
spective information about the natural history of high risk pla-
ques. Furthermore, it had not yet been -clarified which
structures of the arterial wall actually contribute to the mea-
surement of cross-sectional vessel areas in MDCT. In spite
of the limitations, the results illustrated the method’s potential
for depicting coronary artery anatomy and pathology and cor-
relations of vessel dimensions and remodeling Indices to IVUS
were close. The noninvasive nature of MDCT made it an
attractive method for further development, especially when
the cost and risk of IVUS were considered.

Conflict of interest
None.

Acknowledgments

The authors would like to thank Misr Radiology Centre
(MRCQC), Misr scan radiology center and Ain Shams University
Radiology Department for helping to perform this work.

References

(1) Achenbach S, Ropers D, Hoffmann U, Neill BM, Baum U, Pohle
K, et al. Assessment of coronary remodeling in stenotic and
nonstenotic coronary atherosclerotic lesions by multidetector spiral
computed tomography. J Am Coll Cardiol 2004:43(5):842—7.

(2) Koskinas KC, Feldman CL, Chatzizisis YS, Coskun AU, Jonas
M, Maynard C, et al. Natural history of experimental coronary
atherosclerosis and vascular remodeling in relation to endothelial
shear stress: a serial, in vivo intravascular ultrasound study.
Circulation 2010;121:2092-101.

(3) Schoenhagen P, Nissen SE, Tuzcu EM. Coronary arterial
remodeling: from bench to bedside. Curr Atherosclerosis Rep
2003;5(2):150-4.

(4) Varnava AM, Mills PG, Davies MJ. Relationship between

coronary artery remodeling and plaque vulnerability. Circulation

2002;105:939-43.

Serrallach XA, Gallo EC, Lladoé GP. Basics and performance of

cardiac computed tomography. In: Llado GP, Petracca RL,

editors. Atlas of non-Invasive coronary angiography by multide-
tector computed tomography. LLC: Springer Science + Business

Media; 2006. p. P3-P14.

Lloyd-Jones DM, Berry JD, Lin K, Daviglus M, Li D, Walsh JA,

et al. Association of long-term risk factor levels with coronary

artery wall remodeling indices: the Chicago healthy aging low-risk
magnetic resonance angiography (CHARISMA) study. Circula-
tion 2012;126:A18799.

(7) Miao C, Chen S, Macedo R, Lai S, Liu K, Li D, et al. Positive
remodeling of the coronary arteries detected by MRI in an

s

=

(6

=


http://refhub.elsevier.com/S0378-603X(14)00205-8/h0005
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0005
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0005
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0005
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0010
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0010
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0010
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0010
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0010
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0015
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0015
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0015
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0020
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0020
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0020
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0025
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0025
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0025
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0025
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0025
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0025
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0025
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0030
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0030
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0030
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0030
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0030
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0035
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0035

24

E.H. Abdeldayem et al.

asymptomatic population: the Multi-Ethnic Study of Atheroscle-
rosis (MESA). J Am Coll Cardiol 2009 May 5;53(18):1708-15.

(8) Surmely J, Nasu K, Fujita H, Terashima M, Matsubara T,
Tsuchikane E, et al. Association of coronary plaque composition
and arterial remodeling: a virtual histology analysis by intravas-
cular ultrasound. Heart 2007 August;93(8):928-32.

(9) Burke AP, Kolodgie FD, Farb A, Weber D, Virmani R.
Morphological predictors of arterial remodeling in coronary
atherosclerosis. Circulation 2002;105(3):297-303.

(10) Worthley SG, Farouque O, Cameron JD, Meredith IT. Arterial
remodeling correlates positively with serological evidence of
inflammation in patients with chronic stable angina pectoris. J
Invasive Cardiol 2006;18(1).

(11) Britten M B, Zeiher AM, Schichinger V. Effects of cardiovascular
risk factors on coronary artery remodeling in patients with mild
atherosclerosis. Pub Med Coronary Artery Dis 2003 Sep;14(6):
415-22.

(12) Schmid M, Pflederer T, Jang I, Ropers D, Sei K, Daniel WG,
et al. Relationship between degree of remodeling and CT
attenuation of plaque in coronary atherosclerotic lesions: an in-
vivo analysis by multi-detector computed tomography. Athero-
sclerosis 2008 March;197(1):457-64.

(13) Rodriguez-Granillo GA, Serruys PW, Garcia-Garcia HM, Aoki
J, Valgimigli M, Van Mieghem CAG, et al. Coronary artery
remodeling is related to plaque composition. Heart 2006;92(3):
388-91.

(14) Kroner ESJ, van Velzen JE, Boogers MJ, Siebelink HJ, Schalij
MJ, roft LJ, et al. Positive remodeling on coronary computed
tomography as a marker for plaque vulnerability on virtual
histology intravascular ultrasound. Am J Cardiol 2011;107(12):
1725-9.

(15) Schoenhagen P, Tuzcu EM, Apperson-Hansen C, Wang C,
Wolski K, Lin S, et al. Determinants of arterial wall remodeling
during lipid-lowering therapy: serial intravascular ultrasound
observations from the reversal of atherosclerosis with aggressive
lipid lowering therapy (reversal) trial. Circulation 2006;113:
2826-34.

(16) Lee C, Tai B, Lim G, Chan MY, Low AF, Tan KC, et al.
Correlation between high density lipoprotein-cholesterol and
remodeling index in patients with coronary artery disease: IDEAS
(IVUS diagnostic evaluation of atherosclerosis in Singapore)-
HDL study. Int J Cardiovasc Imaging 2012;28:33-41.


http://refhub.elsevier.com/S0378-603X(14)00205-8/h0035
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0035
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0040
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0040
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0040
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0040
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0045
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0045
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0045
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0050
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0050
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0050
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0050
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0055
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0055
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0055
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0055
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0060
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0060
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0060
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0060
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0060
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0065
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0065
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0065
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0065
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0070
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0070
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0070
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0070
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0070
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0075
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0075
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0075
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0075
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0075
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0075
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0080
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0080
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0080
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0080
http://refhub.elsevier.com/S0378-603X(14)00205-8/h0080

	Positive remodeling index by MSCT coronary angiography: A prognostic factor for early detection of plaque rupture and vulnerability
	1 Introduction
	2 Material and methods
	2.1 Study population
	2.2 MSCT protocol

	3 Data processing for MSCT
	3.1 Post processing
	3.2 Statistical methods

	4 Results
	5 Discussion
	6 Conclusion
	7 Study limitations
	Conflict of interest
	Acknowledgments
	References


