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Abstract

Aims To describe optical coherence tomography (OCT) findings in patients with in-stent restenosis (ISR) and determine
predictors of neointimal patterns and neoatherosclerosis.

Methods and results Patients undergoing OCT prior to PCI for ISR in three European centres were included. Analyses were
performed in a core laboratory. Qualitative and quantitative [gray-scale signal intensity (GSI)] neointima analyses were per-
formed on a per quadrant basis. A total of 107 patients were included. Predominantly homogeneous lesions included 4.5%
(0.0-14.3) non-homogeneous quadrants, while predominantly non-homogeneous ones included 28.1% (20.3-37.5) homogene-
ous quadrants. Mean GSI values differed significantly between homogeneous [108.4 (92.5-123.6)], non-homogeneous [79.9
(61.2-95.9)], and neoatherosclerosis [88.3 (72.8—-104.9)] quadrants (p <0.001 for all comparisons). Stent underexpansion
was observed in 48.5% and 61.1% of lesions, respectively (p=0.225). Female sex and maximal neointimal thickness inde-
pendently correlate with a non-homogeneous pattern, while angiographic pattern and diabetes mellitus inversely correlate
with such pattern. Time from index stenting procedure was the only independent predictor of neoatherosclerosis.
Conclusions Different neointimal patterns coexist in a significant proportion of ISR lesions. GSI values differ significantly
between neointimal categories. Neoatherosclerosis is a time-dependent phenomenon, displaying different time courses in
DES compared to BMS, with earlier appearance in the former group. Stent underexpansion is a frequent finding in patients
with ISR.

Keywords Optical coherence tomography - In-stent restenosis - Neoatherosclerosis - Neointimal characterization - Gray-
scale signal intensity analysis

Introduction

Constant improvements in safety and efficacy of percuta-
neous coronary interventions (PCI) have resulted in highly
satisfactory outcomes in the majority of patients undergo-
ing stent implantation. However, large real-world reports,
including angiographic surveillance, have shown rates of
b4 Erion Xhepa angiographic in-stent restenosis (ISR) of 12-15%, depend-
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Based on its properties at optical coherence tomography

(OCT) imaging, neointimal tissue has been subdivided in
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three different patterns: (i) homogeneous, (ii) heterogeneous,
and (iii) layered [3], which correlate with different histologi-
cal substrates [4]. However, validation studies against the
gold standard of histology remain relatively scarce. The larg-
est post-mortem study to date showed homogeneous patterns
to consistently correlate with abundance of smooth muscle
cells embedded in collagen/proteoglycan rich tissue, while
heterogeneous and layered patterns revealed a multitude of
corresponding histological components [5]. In addition, his-
tological studies have shown marked heterogeneity in vessel
healing following stent implantation [6, 7]. Although previ-
ous studies have explored correlations between neointimal
patterns, underlying stent type and restenosis phase [8—10],
the degree of intralesion neointimal heterogeneity has not
been systematically investigated.

We sought to perform an OCT based qualitative and
quantitative neointimal characterization as well as define
predictors of neointimal patterns and neoatherosclerosis
(NA) in a large patient cohort undergoing PCI for ISR.

Methods
Study population and angiographic data analysis

Patients presenting with ischemic symptoms and/or evidence
of myocardial ischemia in three European centers (Deutsches
Herzzentrum, Munich, Germany; Hospital Universitario de
La Princesa and Hospital Universitario Clinico San Carlos,
Madrid, Spain) and undergoing intravascular OCT prior
to PCI for ISR were included in this study. Baseline and
post-procedural angiograms were recorded and assessed
off-line in a core laboratory (ISAResearch Center, Munich,
Germany) with an automated edge-detection system (Medis
Medical Imaging Systems, Leiden, The Netherlands). The
angiographic pattern of ISR was classified according to the
Mehran’s classification [11].

OCT data acquisition and morphometric analysis

Following administration of intracoronary nitrates, OCT
was performed with non-occlusive technique using fre-
quency-domain OCT imaging systems (C7XR, Illumien or
Illumien Optis). Briefly, a rapid exchange imaging catheter
(Dragonfly™ or Dragonfly Duo™) was advanced beyond
the stented segment. An OCT pullback of the entire stented
segment, including proximal and distal reference sites, was
performed with contrast injection through the guiding cath-
eter at 3—5 ml/s.

Raw data of OCT image acquisitions were sent to a cen-
tralized core laboratory (ISAResearch Center, Munich,
Germany). Quantitative and morphometric analyses were
performed every 1 mm along the entire stented segment.
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Dedicated software (St. Jude Medical, St. Paul, MN, USA)
was used for quantification. Further details and defini-
tions are provided in the Appendix in the online-only Data
Supplement.

Qualitative neointimal characterization
and gray-scale signal intensity analysis

Characterization of neointimal tissue was performed at the
frame displaying the maximal %AS as well as the 5 preced-
ing and following analyzed frames; in other words, a 10 mm
segment was analyzed, given a %AS of at least 50% was
present in each frame. Each frame was subdivided in four
quadrants (90°) and the neointimal characteristics separately
characterized for each of them. Based on its optical charac-
teristics, neointimal tissue was categorized as homogeneous,
heterogeneous, or layered. Atherosclerotic changes of the
neointima were defined by the presence of one or more of
the following: macrophage infiltration and/or lipid-laden tis-
sue within the stent and neointimal calcification (Fig. la—i)
[12]. To assess interobserver variability in neointimal char-
acterization, a subgroup of 50 randomly chosen pullbacks
were independently analyzed by 2 experienced cardiologists.

Quantitative analysis of the neointimal tissue by means
of gray-scale signal intensity (GSI) analysis was performed
on a per quadrant basis. We have previously shown that GSI
analysis accurately differentiates between mature and imma-
ture neointimal tissue following coronary stenting [13, 14].
Analyses were performed using Image J software (free-ware
available at https://imagej.nih.gov/ij/index.html) (Fig. 2).
Further details are provided in the Appendix in the online-
only Data Supplement.

Statistical analysis

Continuous data are presented as mean + SD or median
(25th—75th percentiles) depending on the distribution pat-
tern of the variable. Categorical data are presented as fre-
quencies or proportions (%). Differences between groups
were assessed using the student’s ¢ test, Wilcoxon rank
sum test, Kruskal-Wallis, or one-way analysis of vari-
ance for continuous variables and the Chi-square test (or
Fischer’s exact test, where the expected cell value was
< 5) for categorical variables. Pairwise multiple compari-
sons were performed by means of the Tukey’s test. To
account for the clustered nature of the data, a general-
ized linear mixed model was conducted for the analysis
of OCT data. The model contained a fixed-effects term
(either neointimal type or stent type) and a random-effects
term (patient for frame-level analysis, patient and frame
for strut-level analysis). Predictors of neointimal pattern
as well as of NA were assessed by means of multivariable
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Fig. 1 Representative images of optical coherence tomography find-
ings in patients presenting with in-stent restenosis. a In-stent resteno-
sis with homogeneous neointimal pattern. b In-stent restenosis with
heterogeneous neointimal pattern. ¢ In-stent restenosis with a layered
neointimal pattern. d Severe in-stent restenosis with a bridging archi-
tecture of the neointima. e Peri-strut low-intensity areas (arrows). f

analysis. The selection of variables for the multivariable
model was performed using the LASSO regression method
[15] after entering all relevant clinical, angiographic, and
OCT parameters as candidates. The degree of agreement
between reviewers was quantified using Cohen’s « test for
concordance. All tests were two-sided and assessed at a
significance level of 5%. The statistical analysis was per-
formed by means of R software (version 3.5.1, R Founda-
tion for Statistical Computing, Vienna, Austria) and SPSS
Version 23 (IBM Corp, Armonk, New York).

Macrophage infiltration involving a 180° neointimal arc (arrows from
6 to 12 o’clock). g Neoatherosclerosis and ruptured thin-cap fibroath-
eroma (arrow). h Neointimal calcification (arrow). i Severe concen-
tric in-stent calcification and neoatherosclerosis obscuring underlying
stent struts. *Guidewire artifact

Results

A total of 107 patients undergoing PCI for ISR between
2010 and 2015 were included, with one lesion being imaged/
treated per patient; 73 lesions displayed a predominantly
homogeneous and 34 lesions a predominantly non-homo-
geneous neointima. Baseline clinical and angiographic
characteristics of the patient population are displayed in
Tables 1 and 2, respectively. Compared to patients with pre-
dominantly non-homogeneous neointima, those with a pre-
dominantly homogeneous one showed a higher prevalence of
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Fig.2 Gray-scale signal intensity analysis. An OCT cross section
converted to a gray-scale image with superimposed regions of interest
in four different quadrants

diabetes mellitus (26.5% vs. 49.3%; p=0.026) and multives-
sel disease (52.9% vs. 72.6%; p=0.045) as well as a lower
%DS [71.0% (64.0-81.0) vs. 60.9% (54.8-69.0); p=0.001].
The remaining clinical and angiographic characteristics were
evenly distributed between groups.

Underlying stent type was a bare-metal stent (BMS) in
37 (34.6%), DES in 64 (59.8%), and bioresorbable vascu-
lar scaffold (BVS) in 6 (5.6%) patients. Further classifica-
tion as a function of time from index stenting showed 47
patients (14 BMS, 28 DES and 5 BVS) presenting with early
(<1 year), 20 patients (1 BMS, 18 DES and 1 BVS) with
late (1-3 years) and 40 patients (22 BMS and 18 DES) with
very late (> 3 years) ISR.

OCT morphometric analysis

OCT morphometric data according to predominant neoin-
timal type are reported in Table 3. Maximal %AS [73.8
(67.9-85.7) vs. 69.9 (60.1-78.9); p=0.023], maximal
neointimal thickness [1090.0 (872.5-1235.0) vs. 950.0
(710.0-1090.0) um; p =0.008], neointimal area [2.69
(1.48-4.52) vs. 2.13 (1.16-3.51) mm?; p =0.003], mean SA
[7.13 (5.96-8.43) vs. 6.09 (5.01-7.64) mm? (p=0.007)] as
well as minimal SA [5.46 (4.52-6.36) vs. 4.61 (3.64-5.49)
mm?; p=0.005] were significantly higher in the non-
homogeneous group. SEI was 0.73 (0.62-0.85) and 0.79

Table 1 Clinical characteristics

; : Predominantly non-homoge-  Predominantly homogene- p value
of the patient population neous (n=34) ous (n=73)

Age 69.9 (58.1-76.6) 66.0 (58.1-74.9) 0.597
Women 8 (23.5) 9 (12.3) 0.140
Arterial hypertension 26 (76.5) 63 (86.3) 0.206
Hypercholesterolemia 23 (67.6) 59 (80.8) 0.134
Diabetes mellitus 9(26.5) 36 (49.3) 0.026

Oral therapy 4(11.8) 22 (30.1) 0.039

Insulin-dependent 2(5.9) 10 (13.7) 0.331
Current smoker 3(8.8) 10 (13.7) 0.545
Ex-smoker 13 (38.2) 35 (47.9) 0.347
Body mass index, kg/m? 27.3 (23.8-29.8) 28.1(25.9-31.2) 0.112
Clinical presentation 0.111

Stable angina 12 (35.3) 43 (58.9)

Silent ischemia 5014.7) 6(8.2)

Unstable angina 9(26.5) 14 (19.2)

NSTEMI 7 (20.6) 10 (13.7)

STEMI 1(2.9) 0(0.0)
Acute coronary syndrome 17 (50.0) 24 (32.9) 0.089
Previous MI 22 (64.7) 44 (60.3) 0.661
Previous CABG 2(5.9) 4(5.5) 1.000
LVEF, % 60.0 (53.0-70.0) 60.0 (50.0-65.0) 0.363

Data are shown as numbers (%) or median (inter quartile range)

CABG coronary artery bypass grafting, LVEF left ventricular ejection fraction, MI myocardial infarction,
NSTEMI non-ST-elevation myocardial infarction, STEMI ST-elevation myocardial infarction
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Table 2 Angiographic
characteristics of the patient

Predominantly non-homoge-  Predominantly homogene-  p value

population neous (n=34) ous (n="73)
Target vessel 0.620
Left main 12.9) 0 (0.0)
LAD 16 (47.1) 36 (49.3)
LCx 7 (20.6) 15 (20.5)
RCA 10 (29.4) 22 (30.1)
Diseased vessels 0.134
One 16 (47.1) 20 (27.4)
Two 6(17.6) 17 (23.3)
Three 12 (35.3) 36 (49.3)
Multivessel disease 18 (52.9) 53 (72.6) 0.045
Restenosis morphology 0.208
Focal body 17 (50.0) 19 (26.0)
Focal margin 4(11.8) 14 (19.2)
Diffuse intrastent 9 (26.5) 28 (38.4)
Multifocal 1(2.9) 34.1)
Proliferative 3(8.8) 9(12.3)
QCA
Lesion length (mm) 11.9 (7.4-18.4) 12.1 (8.7-19.1) 0.763
RVD (mm) 2.84 (2.49-3.13) 2.68 (2.43-2.93) 0.231
% DS 71.0 (64.0-81.0) 60.9 (54.8-69.0) 0.001
AHA/ACC lesion type 0.243
A 2(5.9) 0(0.0)
B1 9 (26.5) 25 (34.2)
B2 16 (47.1) 33 (45.2)
C 7 (20.6) 15 (20.5)
Ostial lesion 2(5.9) 8 (10.9) 0.498
Bifurcation lesion 5014.7) 21 (28.8) 0.114
Index stent interval (days) 310 (240-1655) 550 (206-2702) 0.677
Early (<1 year) 246 (201-289) 197 (179-268) 0.087
Late (1-3 years) 584 (494-678) 492 (403-759) 0.653
Very late (>3 years) 4170 (2217-5243) 3276 (2017-3950) 0.267
Restenosis age 0.229
Early 19 (55.9) 28 (38.5)
Late 4(11.8) 16 (21.4)
Very late 11 (32.4) 29 (40.1)
Index stent type 0.323
BMS 12 (35.3) 25 (34.2)
G1-DES 8(23.5) 19 (26.0)
G2-DES 14 (41.2) 23 (31.5)
BVS 0(0.0) 6(8.2)

Data are shown as numbers (%) or median (inter quartile range)

BMS bare-metal stent, BVS bioresorbable vascular scaffold, DS diameter stenosis, GI-DES first-generation
drug-eluting stent, G2-DES second-generation drug-eluting stent, LAD left anterior descending artery, LCx
left circumflex artery, MLD minimal lumen diameter, %DS percent diameter stenosis, QCA quantitative
coronary analysis, RCA right coronary artery, RVD reference vessel diameter

(0.70-0.86) (p=0.420), with stent underexpansion being
present in 16 (48.5%) and 44 (61.1%) lesions, respectively
(p=0.225) (Fig. 3). The percentage of both uncovered [strut
coverage 96.4% vs. 96.6%; p=0.659] and malapposed struts

[0.74% vs. 0.55%; p=0.776] was extremely low in both
groups. Additional comparisons between different stent
platforms are reported in the Appendix in the online-only
Data Supplement.
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Table 3 Optical coherence
tomography characteristics of
the patient population

Predominantly non-homo- Predominantly homoge-  p value
geneous (n=34) neous (n="73)

Stent length (mm)

Nr. of struts per lesion

Mean stent area (mm?)

Min. stent area (mm?)

Mean lumen area (mm?)

Min. lumen area (mm?)

Mean neointimal thickness (um)
Maximal neointimal thickness (um)
Neointimal area (mm?)

Strut coverage (%)

Strut malapposition (%)
Malapposition distance

Mean % area stenosis

Max. % area stenosis

Stent expansion index

Stent underexpansion

26.0 (18.2-34.3) 25.6 (18.7-32.2) 0.763
146.0 (91.5-281.2) 216.0 (144.0-295.0) 0.118
7.13 (5.96-8.43) 6.09 (5.01-7.64) 0.007
5.46 (4.52-6.36) 4.61 (3.64-5.49) 0.005
4.25 (2.67-5.93) 3.55(2.39-5.16) 0.325
1.69 (0.86-2.47) 1.66 (1.15-2.19) 0.715
310.0 (150.0-570.0) 270.0 (140.0-490.0) 0.008
1090.0 (872.5-1235.0) 950.0 (710.0-1090.0) 0.008
2.69 (1.48-4.52) 2.13 (1.16-3.51) 0.003
96.4 96.6 0.659
0.74 0.55 0.776
160.0 (130.0-277.5) 160.0 (140.0-210.0) 0.079
39.6 (20.9-60.9) 37.8 (20.9-56.7) 0.078
73.8 (67.9-85.7) 69.9 (60.1-78.9) 0.023
0.73 (0.62-0.85) 0.79 (0.70-0.86) 0.420
16 (48.5) 44 (61.1) 0.225

Data are shown as numbers (%) or median (inter quartile range)

1,004

,80°

,60

40

Stent Expansion Index

207

,UU T
Non_Homogeneous

PredomlInant Neolntima Type

T
Homogeneous

Fig. 3 Distribution of stent expansion index values according to pre-
dominant neointima type with stent underexpansion being defined by
a stent expansion index < 0.80

Qualitative neointimal characterization
and gray-scale signal intensity analysis

The qualitative analysis showed that predominantly homo-
geneous lesions included 4.5%(0.0-14.3) non-homogene-
ous quadrants, while predominantly non-homogeneous
ones included 28.1%(20.3-37.5) homogeneous quadrants
(Fig. 4a, b). There was excellent interobserver agreement
regarding neointimal characterization (Cohen’s k=0.931).
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GSI analysis was performed in a total of 3648 quadrants.
Homogeneous quadrants were characterized by the high-
est mean GSI values [108.4 (92.5-123.6)], followed by
those with NA [88.3 (72.8-104.9)], with non-homogeneous
quadrants showing the lowest GSI values [79.9 (61.2-95.9)].
One-way ANOVA as well as pairwise comparisons by means
of the Tukey post hoc test showed a statistically significant
difference for each between group comparison (p <0.001 for
all comparisons) (Fig. 5).

Neoatherosclerosis

The presence of any frame with NA was registered in 33
(30.8%) lesions. Neoatherosclerotic changes were present in
15 (40.5%) BMS and 18 (25.7%) DES lesions (p =0.114);
the presence of any frame with NA was observed in 6
(12.8%) early, 6 (30.0%) late, and 21 (52.5%) very late
lesions (p <0.001). When analyzing the presence of NA on
the basis of both underlying stent type and time from index
stenting, some clear differences emerge between BMS and
DES (Fig. 6), with clustering of BMS NA in the very late
phase and no evidence of such changes up to 3 years (0%
early, 0% late, and 68.2% very late BMS lesions; p <0.001);
on the contrary, DES lesions displayed an earlier appear-
ance of NA (18.2% early, 31.6% late, and 33.3% very
late DES lesions; p=0.393). Comparisons of neointimal
characteristics and presence of NA between G1-DES and
G2-DES are reported in the Appendix in the online-only
Data Supplement.

Quantitative analysis of NA, expressed as per-
centage of quadrants with NA per lesion, was also
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Fig.4 Distribution of homogeneous and non-homogeneous quadrants
according to predominant neointimal pattern of in-stent restenosis
lesion. a Proportion of homogeneous quadrants according to predom-
inant neointimal pattern. b Proportion of non-homogeneous quadrants
according to predominant neointimal pattern

significantly different among BMS (15.6 +26.1%) and
DES (5.4%+11.9%) (p=0.05) as well as among early
(1.6+5.1%), late (7.1 +12.5%) and very late (18.4 +26.0%)
lesions (p <0.001). Finally, the percentage of quadrants with
NA was significantly higher in the predominantly non-homo-
geneous group (20.0+28.2% vs. 3.9 +8.5%; p=0.005).

Predictors of OCT neointimal patterns
and neoatherosclerosis

Multivariable analysis showed that female sex [odds ratio (OR)
3.67; 95% confidence interval (CI) 1.03-13.2; p=0.046] and
maximal neointimal thickness (OR for 1 mm increase 14.3;
95% CI 2.09-98.57; p=0.007) independently correlate with

1065
200,0-
e o
(o]
8
150,01 2
o
3
[
>
@ 100,01
) l
50,0+

T T T
Homogeneous Non homogeneous Neoatherosclerosis

Neointimal pattern

Fig.5 Gray-scale signal intensity values for homogenous, non-homo-
geneous, and neoatherosclerosis quadrants

Proportion of quadrants with
neoatherosclerosis

Very late

Late

Rest Early DES ent yee
Stenosig ag n

st
e de*

Fig.6 Proportion of quadrants displaying neoatherosclerotic changes
according to stent type and restenosis age

a predominantly non-homogeneous pattern, while angio-
graphic pattern (OR for diffuse vs. focal restenosis 0.24; 95%
CI 0.008-0.73; p=0.011) and diabetes mellitus (OR 0.34; 95%
CI 0.11-0.98; p=0.046) inversely correlate with such a pat-
tern (Fig. 7a). Time from index stenting procedure (OR for
1 year increase: 1.25; 95% CI 1.09-1.42; p=0.001) was the
only independent predictor of any frame with NA (Fig. 7b).
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A Odds ratio (95% Cl)

Female sex

Hypercholesterolemia

—
—

Diabetes mellitus
Acute coronary syndrome

Multivessel disease

Angiographic ISR pattern
(diffuse vs. focal)

+

Maximal neointimal thickness

—

+

3.67 (1.03-13.2)
p=0.046

0.52 (0.15-1.78)
p=0.299

0.34 (0.11-0.98)
p=0.046

2.63 (0.98-7.06)
p=0.056

0.99 (0.33-3.01)
p=0.988

0.24 (0.08-0.73)
p=0.011

14.3 (2.09-98.57)

B Odds ratio (95% Cl)
1.37(0.61-3.11)
i i p=0.446
Female sex It 0.65 (0.15-2.78)
p=0.568

Hypercholesterolemia

Diabetes mellitus

Anglographic ISR pattern —.—

Index stent type

_._

1.23 (0.36-4.18)
p=0.738

1.09 (0.42-2.83)
p=0.857

0.57 (0.21-1.51)
p=0.255

1.66 (0.46-5.95)

{for 1 mm increase) p =0.007
Stent expansion index 1.38(0.68-2.82)
p=0.375

0.01 0.1 1 10 100

Fig.7 Multivariable analysis for predictors of neointimal pattern as
well as of neoatherosclerosis. Plot of odds ratios associated with non-
homogeneous neointimal pattern (a) and with neoatherosclerosis (b).

Discussion

Despite constant improvements in patient outcomes with
modern stent platforms, ISR still occurs at not negligible
rates. Given the two actually recommended strategies—
repeat DES implantation vs. drug-coated balloon (DCB)—
for the treatment of ISR [16, 17], the added value of OCT
imaging could be represented by the identification of those
lesions in which DCB angioplasty would guarantee optimal
outcomes without additional stent implantation. To apply a
histopathology-based [5] and treatment-oriented classifica-
tion, we grouped the heterogeneous and layered patterns in
one category.

The main findings of our study can be summarized as
follows: (i) ISR lesions display considerable intralesion
neointimal heterogeneity; (ii) female sex, diabetes mellitus,
angiographic pattern of ISR, and maximal neointimal thick-
ness independently correlate with neointimal pattern; (iii)
GSI analysis shows that mean GSI values significantly differ
between neointimal categories; (iv) NA is a not uncommon
finding, develops earlier in DES compared to BMS and its
presence and extent are time-dependent phenomena; and (v)
the rate of stent underexpansion was high in both groups.

Since the majority of studies performed to date [9, 10, 18]
categorized neointimal patterns based on the optical char-
acteristics of a single frame, we expanded the analysis to
include a 10 mm segment. We found that neointimal patterns
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(DES vs. BMS) . p=0.436
Index stent interval . 1.25 (1.09-1.42)
(for 1 year increase) p<0.001
Maximal neointimal thickness 1.14 (0.61-2.12)
(for 1 mm Increase) . p=0.691

L L L LALLLL L L LALILLU

0.1 1 10

The squares indicate the point estimate and the left and right ends of
the lines the 95% CI. 95%CI 95% confidence interval, ISR in-stent
restenosis, BMS bare-metal stent, DES drug-eluting stent

different from the dominant one are significantly represented
in the same restenotic lesion. Therefore, a detailed analysis
of the neointimal characteristics of the whole stented seg-
ment seems advisable for proper classification of restenotic
lesions [16, 18]. The impact of the presence and extent of
neointimal heterogeneity on clinical and angiographic out-
comes following treatment of ISR remains to be investigated
in specifically designed studies.

The identification of maximal neointimal thickness as
an independent correlate of non-homogeneous neointima
deserves some further comments. Owing to progressive
attenuation of the light beam, neointima of increasing
thickness may display a reduced backscattering of the out-
ermost layers and consequently a falsely non-homogeneous
appearance; every care was taken to avoid such misclassifi-
cation, as supported also by the extremely high interobserver
agreement.

The classification of neointimal tissue has been a mat-
ter of debate and more reproducible strategies has been
advocated [19]. Our analysis shows that mean GSI values
significantly differ between neointimal categories. These
results provide initial evidence on the usefulness of GSI
analysis as a valuable quantitative adjunct in neointimal
characterization. However, additional evaluation, ideally in
the context of an OCT-histology correlation study, seems
advisable to define the discriminatory capacity of GSI
analysis. Analogously, whether more advanced quantitative
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characterization, such as a combination of GSI with attenu-
ation rate analysis [20], can further refine our ability to clas-
sify neointimal tissue remains to be determined.

NA has been involved in the pathogenesis of both ISR
and stent thrombosis [21, 22]. Although NA was more
frequent in BMS in absolute terms, this finding should be
viewed in the light of significantly longer implant duration
for BMS compared to DES [3347 (222.3-4308) vs. 389.5
(207.8-1302.8) days; p=0.005]. Indeed, our findings sup-
port a strong time dependency of NA changes, with progres-
sive increase in incidence with increasing time from stent
implantation; indeed, time from index stenting was the only
independent predictor of NA. Our results are in line with
those of previous registries that showed duration of follow-
up to be the most important risk factor for the occurrence of
NA [12, 23]. A recent study by Song et al. also confirmed a
higher incidence of NA in late as compared to early G2-DES
ISR; besides time from index stenting, the absence of statin
treatment and neointimal hyperplasia>50% was identified
as independent predictors of neoatherosclerosis [10]. The
premature development of NA in DES compared to BMS
is a noteworthy finding, since it closely mirrors findings of
previous histopathological reports based on selected autopsy
cases [24]; the proposed mechanism for such accelerated NA
in DES involves delayed endothelialization and persistent
endothelial dysfunction with consequent enhanced permea-
bility of plasma lipoproteins [12]. These findings emphasize
the importance of secondary prevention measures including
risk factor control and intensive statin treatment.

Stent underexpansion has long been recognized as a
major mechanical factor triggering ISR. In our patient col-
lective, stent underexpansion was present in 48.5% and
61.1% of lesions, respectively. Despite differing definitions
of stent underexpansion, our results are consistent with
those reported in the study by Song et al. [10] and those
of a more recent study by Miura et al. [25]. These findings
have important therapeutic drawbacks, since recognition of
stent underexpansion should prompt aggressive dilatation
and eventually use of super-high-pressure non-compliant
balloons. In addition, they underscore the importance of
intravascular imaging guidance to optimize expansion dur-
ing initial implantation as a mean to reduce the occurrence
of ISR.

Study limitations

Some limitations should be considered when interpreting the
results of the present report. First, the possible bias of patient
selection should be considered, since the enrolment period
spanned 5 years and patients presenting with ISR were not
included consecutively; in addition, the study population is
limited to patients who presented either with symptoms and/
or with evidence of inducible myocardial ischemia. Second,

this study is retrospective in nature, and therefore, its results
should be interpreted as hypothesis generating. Third, since
OCT imaging during index PCI was not performed, infor-
mation regarding underlying plaque morphology is not
available.

Conclusions

Neointimal patterns different from the dominant one are
significantly represented in the same restenotic lesion. GSI
analysis shows promise as a quantitative tool for neointimal
characterization. Neoatherosclerothic changes are frequent
in ISR lesions and show different time courses in DES as
opposed to BMS and their presence and extent appear to be
time-dependent phenomena.
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