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ABSTRACT ARTICLE HISTORY

Introduction: In-stent restenosis (ISR) is traditionally associated with neointimal hyperplasia. ~ Received: 4 September, 2015
However, recent studies have suggested that an underlying progression of the atherosclerotic ~ Accepted: 16 December, 2015
process called neoatherosclerosis, different from intimal proliferation, could be involved in ISR
development. In this study the aim was to compare the characteristics of the neoatheromatous
plaque evidenced by Multislice Angio Computed Tomography, Optical Coherence Tomography
(OCT) and Virtual Histology Intravascular Ultrasound (VH-IVUS) with the characteristics of
de-novo lesions in native coronary vessels of patients with ISR. Material and methods: This
is a prospective single-center pilot study in which patients presenting with acute chest pain
and having at least one symptomatic bare-metal stent (BMS) restenosis at six months to one
year after BMS implantation, were enrolled. The characteristics of the neointimal tissue de-
veloped within the implanted stents using Acio CT, OCT and VH-IVUS were studied. Results:
In total, 27 patients with 38 coronary BMS were included in the study, in whom 27 ISR lesions
and 43 lesions in native coronary vessels were identified. Angio CT examination revealed that
atheromatous plaques responsible for ISR tend to have a larger volume compared with native
lesions located in the same coronary vessel (plaque volume 91.2 mm? for ISR vs. 60.4 mm? for
native vessels, p <0.0001). Additionally, they show more low density plaques compared to na-
tive coronary lesions located in the same coronary vessel (33.9 mm? vs. 18.2 mm? for the volume
of the plaque with density <30 HU, p <0.0001). Plaques responsible for ISR exhibit a higher
lipid content than native ones (41.1% vs. 22.9%, p = 0.05). OCT analysis indicated an irregular
shaped vascular lumen in 44.4% of ISR lesions compared to 25.6% of de-novo lesions (p = 0.1).
Conclusions: Neoatherosclerosis within the implanted coronary stents is associated with signs ~ Alexandra Stanescu
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INTRODUCTION

In-stent restenosis (ISR) is traditionally associated with
neointimal hyperplasia. However, recent studies have
suggested that a causal development of the atherosclerotic
process, different from intimal proliferation, could be in-
volved in the development of ISR. The term ''neoathero-
sclerosis' has been recently introduced to characterize the
development of a new atheromatous process within the
implanted stent, extending beyond the traditional interval
of several months, associated with neointimal hyperpla-
sia. The extent to which neoatherosclerosis is an unstable
condition is not clear. However, it has been reported that
approximately one-third of patients with Bare-Metal
Stent (BMS) restenosis present with acute coronary syn-
dromes. Furthermore, several studies reported typical
histologic morphologies in the atheromatous samples re-
trieved from restenotic stents, that resembled vulnerable
plaques in native coronary arteries.'”*

The morphological characteristics associated with un-
stable plaques are well known, including positive remo-
deling, large lipid pools or the presence of a thin fibrous
cap. Three imaging methods, most commonly used to as-
sess the markers associated with vulnerable plaques, are
Multislice Angio CT, Intravascular Ultrasound with Virtual
Histology (VH-IVUS), and Optical Coherence Tomography
(OCT).

Multislice Angio CT is a non-invasive technique which
provides visualisation of the coronary arteries very simi-
lar to invasive coronary angiography, the images obtained
with the two techniques being completely superposable
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(Figure 1). The Multislice Angio CT technique is usually fa-
voured for non-invasive evaluation in cases of chest pain
of uncertain etiology or in cases of moderate probability of
coronary artery stenosis.

Intravascular ultrasound is an invasive technique based
on a miniaturized transducer advanced into the coronary
lumen, providing images of the coronary wall from inside
the lumen. IVUS together with virtual histology softwares is
used to obtain a colour codification of the coronary plaque
based on the plaque composition. Using this technology,
unstable components of the plaque, such as a necrotic
core, are colored in red, fibrofatty tissue in yellow, fibrous
component in green and calcified plaque in white (Figure
2). At the same time, it is possible to quantify exactly the
amount of unstable components within the plaque, which
are directly associated with the risk of rupture and the de-
velopment of an acute heart attack. However, IVUS is not
always suitable for the measurement of the thickness of
the fibrous cap or for thrombus visualisation.’

Optical Coherence Tomography is also an invasive
method, which presently is considered as the golden stan-
dard for visualisation of the apposition of the stent to the
vessel wall. At the same time, the technique is considered
ideal for the measurement of fibrous cap thickness, a pa-
rameter inversely related to the risk of plaque rupture
(Figure 3). A thin fibrous cap is considered as a marker
of risk of an acute myocardial infarction and therefore
exact measurement of its thickness is crucial in predict-
ing plaque-associated risks. OCT is also extremely useful
for assessing the characteristics and morphology of reste-
notic tissue, which can be classified as homogenous, het-

Optical Coherence Tomography: A — demonstration of the technique used for measurement of

coronary lumen. B — visualisation of a coronary stent with optimal apposition to the vessel wall.
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FIGURE 2. Virtual histology IVUS with colour codification of plaque composition.

erogenous or layered, with regular or irregularly shaped
lumen, and with or without microvessels or without intra-
luminal material such as thrombi.®?

While each of these techniques provide relevant infor-
mation for plaque assessment, none of them alone pro-
vide all the required information related to atheromatous
plaque vulnerability.

It is important to note that in case of a patient presenting
with acute chest pain and ISR, it may be difficult to deter-
mine if the acute event is caused by an ISR lesion or by other
de-novo lesions in the native coronary arteries, another le-
sion in the stented artery or a lesion in another coronary ar-
tery. This differentiation could be particularly important in
determining a fitting therapeutic strategy and in deciding
which lesion to stent in acute conditions. Combination of
the information provided by the three imaging techniques
can play a decisive role in the identification of an unstable
plaque, i.e. the factor which produces an acute event and
which should be stented in emergency conditions.®~

In this study the aim was to compare the characteristics
of neoatheromatous plaque in native coronary vessels in
patients with ISR, as shown by Multislice Angio Computed
Tomography, Optical Coherence Tomography (OCT) and
VH-IVUS, with the characteristics of de-novo lesions.

The NULL hypothesis of this study was that there are
no differences between the ISR and native vessels with re-
spect to the composition of the atheromatous plaque as
determined by OCT or VH-IVUS.

MATERIAL AND METHODS

STUDY DESIGN

This is a prospective single-center pilot study in which 27
patients with 38 coronary BMS, presenting at the emergen-
cy unit with acute chest pain and having at least one symp-
tomatic BMS restenosis, defined as at least 50% steno-

FIGURE 3. Angio CT visualisation of a coronary plaque at the level of the left anterior descending artery
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sis inside the implanted stent, identified by both Multislice
Angio CT 64 and coronary angiography, six months to one
year after bare metal stent implantation, were enrolled.

The study has been carried out in accordance with the
code of ethics of the World Medical Association's Declara-
tion of Helsinki. All patients gave written informed con-
sent, and the study protocol was approved by the ethics
committee of the Cardio Med Medical Center, the center
where the study was conducted.

The inclusion criteria were age >18 years, BMS stent
implanted for a de-novo coronary lesion in the last six
months to one year, typical Class 3 or 4 angina as defined
by the Canadian Cardiovascular Society, ECG changes sug-
gestive of ischaemia and more than 50% diameter stenosis
in the implanted stent, as shown by Multislice Angio CT
and confirmed by coronary angiography. Exclusion criteria
were contraindications for the repeated administration of
contrast agents, previous cardiac surgery and multiple re-
interventions for the same qualifying in-stent restenosis.

All patients received medication in the period following
interventional revascularisation, including aspirin 75 mg,
clopidogrel 150 mg/day for seven days followed by 75 mg/
day, ACE inhibitors and 80 mg atorvastatin in the first 30
days followed by 20 mg/day.

All patients underwent Angio CT for assessment of vas-
cular bed and stent patency, followed by coronary angiog-
raphy with or without revascularization of the ISR lesions.
Coronary angiography was used in combination with IVUS
and OCT. All examinations served to assess all coronary
lesions, not only those responsible for in-stent restenosis
but also those in native vessels. Twenty-seven in-stent
restenosis lesions and 43 lesions in native coronary ves-
sels were identified. Plaque density was determined using
Angio CT, plaque composition was assessed by IVUS as-
sociated with virtual histology, while tissue structure and
fibrous cap thickness were measured by OCT.

In total 27 ISR lesions were screened and analyzed. Angio
CT evaluation included visual assessment of ISR tissue shape
and the presence or absence of low density areas inside the
restenotic tissue. OCT assessment included measurement
of the fibrous cap thickness and visual evaluation of tissue
structure and shape, while IVUS assessment included quan-
tification of the plaque components including determination
of the amount of necrotic core by virtual histology.

METHODOLOGY
Muiltislice Angio CT acquisition and interpretation

All CT acquisitions were made using a Multi-slice 64 So-

matom Sensation CT (Siemens, Erlangen, Germany) with
a 64 x 0.5 mm detector collimation. During an inspira-
tory breath-hold, 60 ml of Iopamidol, 370 mg I/ml, (Bayer
Healthcare, Leverkusen, Germany) was infused at a speed
of 4.0 ml/sec followed by 20 ml at 2.0 ml/sec. In cases of
tachycardia 50-100 mg of the beta-blocker metoprolol
were administered. All examinations were made only af-
ter a heart rate below 70/min was attained. All acquired
images were transferred to a workstation (Siemens, Er-
langen, Germany) for data processing, measurements and
interpretation. Plaque analysis was performed on cross-
sectional, longitudinal and multiplanar reformation im-
ages, and each intraluminal material was characterized by
two blinded operators for the presence or the absence of
an ISR, the shape of the restenotic tissue and the presence
of areas inside the restenotic tissue, with a CT density less
than 30 Hounsfield Units.

OCT acquisition and interpretation

OCT analysis was performed using an Iilumien™ Optis™
PCI optimization system (St Jude medical, St Paul, Mines-
sota, USA) immediately after coronary angiography. The
following parameters were determined for each stent:

e presence of a TCFA containing neointima;

¢ neointimal rupture;

e thickness of the fibrous cap;

e presence of intraluminal material such as thrombi;

e restenotic tissue area;

e morphologic aspects such as homogenous, hetero-

genous or layered;

¢ shape of the lumen — regular or irregular;

¢ presence of a lipid pool;

¢ presence of microvessels;

¢ thrombus or macrophages.

Intravascular ultrasound

IVUS was performed using the S5 imaging system (Vol-
cano, San Diego, USA), for the assessment of virtual his-
tology and the quantification of the necrotic core, fibrotic
tissue, fibrofatty tissue and calcifications plaque compo-
nents.

Coronary angiography was performed using the Artis
Zee system (Siemens Healthcare, Erlangen, UK) for diag-
nostic and interventional imaging.

The following parameters were determined for each
stent:

¢ the presence of a >50% restenosis;

e the type of restenosis, focal or diffuse.
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TABLE 1. Characteristics of the study population
n-=27

Age, years 62.3 +10.9
Gender, male 13 (48.1%)
Hypertension 9 (33.3%)
Hyperlipidemia 18 (66.6%)
Obesity (BMI >25 km/m?) 8 (29.6%)
Smoker * 11 (40.7%)
Diabetes 8 (29.6%)
History of AMI 5 (18.5%)
History of stroke 3 (11.1%)

*past or present

Statistical analysis was performed using Graph InStat
Pad software. Continuous values are expressed as means
(SD) and statistical significance was determined using the
Mann-Whitney test. Categorical variables are expressed
as percentages and were compared using Fisher's exact
test. The level of significance was set at a = 0.05.

RESULTS

In total, 27 patients with 38 coronary BMS were included
in the study, in whom 27 ISR lesions and 43 lesions in na-
tive coronary vessels were identified. The mean age of the

patients was 62.3 ( £ 10.9) years and 48.1% of the patients
were males. The presence of dyslipidemia was noted in
66.6% of cases, smoking status in 40.7% of cases, hyper-
tension in 33.3% of cases, obesity in 29.6% of cases and
diabetes in 29.6% of cases with ISR.

The characteristics of the patient population are pre-
sented in Table 1. The characteristics of plaques analyzed
by Angio CT, VH-IVUS and OCT are presented in Table 2.

Angio CT examination revealed that atheromatous
plaques responsible for ISR tend to have a larger volume
compared to native lesions located in the same coronary
vessel (plaque volume 91.2 mm?3 for ISR vs. 60.4 mm?3 for
native vessels, p <0.0001) (Figure 4).

At the same time, Angio CT examination revealed
that plaques responsible for ISR have a higher incidence
of low density plaques, with a CT density less than 30
Hounsfield units (HU) compared to native coronary le-
sions located in the same coronary vessel (33.9 mm? vs.
18.2 mm? for the volume of plaque less than 30 HU, p
<0.0001) (Figure 5).

The assessment of coronary plaques using intravascular
ultrasound in conjunction with virtual histology, showed
that plaques responsible for ISR have a higher lipid content
than native ones (41.1% vs. 22.9%, p = 0.05) (Figure 6).

OCT analysis indicated an irregularly shaped vascular
lumen in 44.4% of ISR lesions compared to only 25.6%

TABLE 2. Characteristics of atheromatous plaques in the ISR lesions vs. native coronary

arteries
ISR plaques De novo plaques p value
N =27 N =43
Plaque morphology
Irregular shape 12 (44.4%) 11 (25.6%) 0.1
Heterogenous aspect 7 (25.9%) 5 (11.6%) 0.1
Stenosis type — focal 10 (37.0%) 10 (23.25%) 0.1
Plaque quantification
Plaque volume
(mm3 + SD) 91.2 + 9.28 60.4 + 20.35 <0.0001
95% CI 7.5—94.8 3.2-67.8
Low density plaque volume
(mm3 + SD) 33.9 + 8.9 182+ 6.2 <0.0001
95% CI 30.9-37.5 16.3-20.16
Lipid burden
(% + SD) 411+ 9.7 22.9 + 10.4 <0.0001
95% CI 37.2—44.9 19.7-26.1
Vulnerability markers
Low density plaque 17 (62.9%) 12 (27.9%) 0.005
Thickness of the fibrous cap <100 pm 13 (48.1%) 4 (9.3%) 0.0004
Necrotic core
(% + SD) 22.3+53 1.4 + 4.8 <0.0001
95% CI 20.2-24.4 9.9-12.9
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FIGURE 4. Plaque volume in neoatherosclerotic lesions vs. native
lesions

in stenotic lesions in native coronary arteries (p = 0.1)
(Figure 7).

Moreover, OCT assessment was used for the analysis of
restenotic tissue patterns in plaques responsible for ISR,
disclosing a heterogenous morphology in 25.9% of cases,
homogenous morphology in 37% of cases and pluristrati-
fied morphology in 22.2% of cases (Figure 8). A fibrous
cap, less than 100 pm thick, as shown by OCT, was identi-
fied in 13 lesions responsible for ISR and in only 4 other
lesions. Angio CT vulnerability markers such as low den-
sity plaques, with density less than 30 UH, were identified
in 12 cases (48.1% of ISR lesions and 27.9% of native le-
sions, p <0.001) and with VH-IVUS markers (necrotic core
in 22.3% of ISR lesions and 11.4% in native coronary le-
sions, p = 0.05), while a high lipid burden of less than 40%
was identified in 40.7% of ISR plaques (Figure 9).

FIGURE 5. Volume of low density plaque in neoatherosclerotic le-
sions vs. native lesions

DISCUSSION

Atheromatous plaque progression represents a dynamic
process which occurs following a stenting procedure. Neo-
intimal hyperplasia results form various factors involving
proliferation of endothelial cells consequent to balloon
inflation and also to metallic stent placement, triggering
alteration in laminar coronary flow.'>"

Angio CT data proved that atheromatous plaque, highly
susceptible to developing restenosis, is represented by a
large volume plaque with a high metabolically and en-
docrinologically active lipid core, and usually with a low
calcification index. In general, this type of plaque could be
considered chronically unstable, and the presence of areas
with low density inside the plaque may indicate intensive
statin therapy.'4*>
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FIGURE 6. Lipid burden of atheromatous plaque in ISR lesions vs.
native lesions

FIGURE 7. OCT-based assessment of plaque contour in ISR lesions
vs. native lesions
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FIGURE 8. The pattern of restenostic tissue in ISR plaques

Virtual histology IVUS offers the possibility to assess
the plaque composition and especially to quantify the
amount of necrotic core inside the plaque, known to be
highly associated with the risk of plaque rupture. At the
same time, this investigation offers the possibility of pro-
viding exact quantification of vessel dimensions, plaque
length and circumferential disposition of atheromatous
components. This is specially important, as the ISR com-
mences, in many cases, from the edges of the stent, as-
sociated with plaque segments not visualised by coronary
angiography.'®'7

OCT represents the ideal imaging method for assessing
plaque vulnerability, as seen by the results of the present
study, which demonstrated the presence of OCT-derived
vulnerability markers to a significantly higher extent in
neoatherosclerotic tissue, compared with de-novo le-
sions.

Modifications of intravascular geometry, caused by ir-
regular proliferation within the implanted stents, easily
determined with OCT, produces alterations in shear stress
at the level of vascular wall, producing a pro-proliferative
effect, probably mediated by metacrin factors.!®

Motoyama (2009) showed that the presence of a low
density core in coronary plaques, as identified by Angio CT,
is strongly associated with the development of an acute
coronary syndrome.! Furthermore, a previous study,
quantifying the extent of this vulnerable core, identified
that a core of 20 ml of very low density plaque, with less
than 30 HU, was an effective indicator of the culprit le-
sions, in acute coronary syndromes. This very low density
core is visualized by Angio CT multislice as a "dark spot"
represented by dark areas with very low density within the
vulnerable plaques.?°

FIGURE 9. VH-IVUS determined necrotic core in ISR lesions vs.
native lesions

The present study identifies the presence of vulner-
ability markers in the neoatherosclerotic tissue in patients
with acute coronary syndomes. However the statistical
significance was reached only for parameters resulting
from plaque volume, volume of low density plaque, lipid
burden and the percentage of necrotic core, while visual
assessment was less reliable in distinguishing between
vulnerable ISR tissue and de-novo lesions. This indicates
that the parameters quantified by Angio CT have a higher
clinical significance for predicting the vulnerability of the
plaque than those based on visual assessment.

In this study it was demonstrated that neoatherosclerosis
within an implanted stent represents an unstable, vulner-
able plaque, and presents to a significantly higher extent,
the markers associated with plaque vulnerability, compared
to de-novo lesions, in native coronary arteries. The NULL
hypothesis of this study, that there are no differences be-
tween the ISR and native vessels with respect to composition
of atheromatous plaque as determined by OCT or VH-IVUS
was rejected, as the study demonstrated clear and relevant
differences between the two types of atherosclerotic plaques.

Therefore the study demonstrates that in-stent neo-
atherosclerosis is a different process from classical neo-
intimal hyperplasia, in that it develops in time within the
implanted coronary stents and is associated with a higher
risk of acute coronary events.

STUDY LIMITATIONS

The study included a relatively small number of cases and
therefore the conclusions should be generalised with cau-
tion. Further studies are required, on larger numbers, in
order to validate these observations.
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CONCLUSIONS

In patients with ISR presenting with an acute coronary
syndrome, neoatherosclerosis within implanted coronary
stents is associated with signs of plaque vulnerability to a
significantly higher extent than the atheromatous plaques
in native coronary arteries. Therefore, neoatherosclerosis
could be considered a process different from the classical
neointimal hyperplasia, which increases the risk for acute
cardiac events in patients with coronary stents. Early de-
tection of neoatherosclerosis is possible with the help of
imaging techniques such as Angio CT, IVUS and OCT, that
can identify instability markers in this restenotic tissue,
triggering appropriate therapeutic measures.
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