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Abstract
Aims: The aim of this study was to assess neoatherosclerotic plaque morphology in bare metal (BMS) and 
first- and second-generation drug-eluting stents (DES) in patients presenting with an event attributed to 
stent failure.

Methods and results: Thirty-five patients (11 implanted with BMS, 13 with a first-generation and 11 with 
a second-generation DES) admitted with an event due to stent failure who had neoatherosclerotic lesions 
on optical coherence tomography were included in the analysis. The lumen and stent borders were detected 
and the lipid and calcific tissue were identified in the neointima and their burden was estimated. The neoin-
tima attenuation and backscatter indices were computed and compared between the different stent types. 
Although there were no differences in the neointima burden, the BMS group exhibited thinner fibrous caps 
(p<0.001), and a numerically increased incidence of lipid-rich plaques (p=0.052) and macrophage accu-
mulation (p=0.012). Neointima discontinuities (p=0.009) and thrombus (p=0.032) were seen more often in 
first-generation DES. In all stent types, neoatherosclerosis had focal manifestations. In neoatherosclerotic 
lesions the attenuation and backscatter indices were increased in BMS (p=0.031 and p=0.018, respectively) 
compared to DES; however, there were no differences between stents in the attenuation indices in subseg-
ments located distally to neoatherosclerotic lesions which had low values in all stent types.

Conclusions: Although there are differences in lipid burden and neointima characteristics in different stent 
types, in all stents neoatherosclerosis has focal manifestations indicating that, irrespective of the stent type, 
focal triggers are involved in the generation of vulnerable neolesions.
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Abbreviations
BMS bare metal stent
DES drug-eluting stent
OCT optical coherence tomography
TCFA thin-cap fibroatheroma

Introduction
Neoatherosclerosis, i.e., the development of high-risk lesions 
within stented segments, has been increasingly recognised as 
a common cause of late stent failure. Histology studies have shown 
that the incidence of neoatherosclerosis increases with time and 
appears earlier in first-generation than in second-generation drug-
eluting stents (DES) or bare metal stents (BMS)1. Optical coher-
ence tomography (OCT) appears able to assess neoatherosclerotic 
lesion characteristics and today it is the preferable modality for 
the in vivo detection of neoatherosclerosis. OCT has been exten-
sively used in recent years to assess the prevalence of neoathero-
sclerotic lesions in different stent types2-4 and patient populations5, 
and has allowed identification of predictors6 associated with the 
development of neoatherosclerotic plaques. However, there are 
limited data about neoatherosclerotic characteristics and neoin-
tima morphology in different stent types in patients admitted with 
a neoatherosclerotic-related cardiovascular event2.

Methods
Five experts (R. Stettler, L. Räber, A. Karanasos, Y. Zhang, 
C. Bourantas) reviewed the OCT data in four hospitals (Barts 
Health NHS Trust, London, UK; Bern University Hospital, 
Bern, Switzerland; Nanjing First Hospital, Nanjing, China and 
Thoraxcenter, Erasmus MC, Amsterdam, the Netherlands, respec-
tively) and identified consecutive patients with neoatherosclerotic 
lesions admitted with a cardiovascular event attributed either to stent 
restenosis or to neoatherosclerotic plaque rupture. The inclusion cri-
teria were: 1) patients admitted with an acute coronary syndrome 
(defined as ST-elevation or non-ST-elevation myocardial infarction) 
or stable angina attributed to stent restenosis or neoatherosclerotic 
plaque rupture, 2) assessment of the culprit stented segment with 
Fourier domain OCT before balloon predilation, and 3) presence of 
neoatherosclerotic lesions in the stented segment. Exclusion criteria 
included: 1) poor quality OCT imaging, extensive thrombus or lipid 
burden that did not allow visualisation of the lumen and stent cir-
cumference in >180° for a length >0.8 mm, 2) segments with stent 
overlapping >5 mm, and 3) segments implanted with different stent 
types (i.e., BMS and DES or first- and second-generation DES).

Sirolimus-eluting (CYPHER®; Cordis, Milpitas, CA, USA) 
and paclitaxel-eluting (TAXUS®; Boston Scientific, Marlborough, 
MA, USA) stents were classified as first-generation DES, while 
zotarolimus-eluting (Endeavor® Sprint or Resolute™; Medtronic, 
Santa Rosa, CA, USA), biolimus (BioMatrix™; Biosensors Inc, 
Singapore), and everolimus-eluting (XIENCE®; Abbott Vascular, 
Santa Clara, CA, USA) stents were classified as second-generation 
DES. The study was approved by the local ethics review commit-
tee of the institution that conducted the study.

OPTICAL COHERENCE TOMOGRAPHY – DATA ACQUISITION
OCT images were acquired with either a C7XR™ or an OPTIS™ 
(St. Jude Medical, St. Paul, MN, USA) or a LUNAWAVE® (Terumo 
Corp., Tokyo, Japan) system. All OCT pullbacks were performed 
prior to balloon predilation; segments treated with thrombus aspi-
ration before OCT were included in the analysis. Pullback was 
performed at a constant speed (range: 18-40 mm/s) with the use 
of an automated pullback device during continuous injection of 
contrast medium through the guide catheter. The frame rates were 
180 fr/s for the OPTIS, 100 fr/s for the C7XR and 160 fr/s for the 
LUNAWAVE system.

SEGMENTATION OF OPTICAL COHERENCE TOMOGRAPHIC 
DATA
OCT imaging analysis was performed offline using proprietary 
software (QCM-CMS; Leiden University Medical Center, Leiden, 
the Netherlands). The stented segments were identified and the 
OCT frames in these segments were analysed at 0.4 mm inter-
vals (0.375 mm for the LUNAWAVE system) by two independ-
ent analysts (R. Stettler and C.V. Bourantas), blinded to stent 
type and patient characteristics. The lumen and the stent bor-
der were detected, and the neointima was defined as the tissue 
between the lumen and the endoluminal border of the struts. 
Neointima burden was defined as: 100×neointima area vs. stent 
area. Neoatherosclerosis was defined as neointima with either 
a lipid or a calcific tissue7. The border of the fibrous cap over 
lipid tissue was segmented using semi-automated software (QCM-
CMS) and the minimum and mean cap thickness were calculated8. 
The borders of the lipid and calcific tissue were detected and the 
lipid area, the lipid arc, and the calcific area were estimated. The 
lipid/calcific burden was defined as: 100×lipid/calcific area vs. 
neointima area. Thin-cap fibroatheroma (TCFA) was defined as 
lipid tissue with a fibrous cap thickness ≤65 µm; a cap thickness 
>65 µm was characterised as fibroatheroma.

Neoatherosclerotic lesions were defined as calcific tissue, 
TCFA, or fibroatheroma in the neointima. A gap of at least 0.5 mm 
was used to define the boundary between two neoatherosclerotic 
lesions.

In addition, the two observers identified the presence of mac-
rophages, neovessels, cholesterol crystals, thrombus and neointima 
discontinuities (i.e., flaps, cavities, double lumen and fissures)9.

ATTENUATION AND BACKSCATTER ANALYSIS
In each OCT cross-section the attenuation and backscatter indices 
were estimated for the neointima tissue using established meth-
odologies, by a module developed by Leiden University Medical 
Center (Leiden, the Netherlands)10,11. In contrast to previous 
reports, the analysis was performed in the entire circumference of 
the neointima4. In order to exclude the strut effect in each cross-
section, the stent border was moved 100 µm inwards to the origi-
nal border and the region of interest was defined by this curve 
and the lumen border. The guidewire artefact was also removed 
and then the 95 percentile values were estimated for each frame. 
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The output of this analysis was colour-coded displayed in each 
cross-section and in spread-out stent plots. Frames portraying 
lipid-rich neointima are anticipated to have a higher attenuation 
and backscatter indices in the inner border of the lipid tissue and 
low indices in the lipid tissue resulting in low mean attenuation 
values. Therefore, the 95 percentile attenuation and backscatter 
values were used to identify degenerative changes in the neoin-
tima. We compared the 95 percentile attenuation and backscatter 
values: 1) between different stent types, and 2) between subseg-
ments with neoatherosclerosis, subsegments located adjacent 
(2 mm), and subsegments located distally (>2 mm) to neoathero-
sclerotic lesions. Only frames with attenuation/backscatter val-
ues for an arc >180° of the circumference of the neointima were 
included in the analysis. Frames with poor flushing and thrombus 
were also excluded.

REPRODUCIBILITY OF OCT ANALYSIS
The accuracy and reproducibility of the OCT analysis was 
assessed by estimating the inter- and intra-observer variability of 
the two analysts in six patients (424 frames). The κ test of con-
cordance was used to assess observer agreement. A high intra- and 
inter-observer agreement was noted in the detection of neoathero-
sclerotic, lipid, calcific tissue and thrombus (κ in all cases >0.80), 
whereas the agreement of the observers in identifying mac-
rophages was moderate (intra-observer variability: 0.72, inter-
observer variability: 0.75).

STATISTICAL ANALYSIS
The Kolmogorov-Smirnov test was used to assess the distribution 
of continuous variables which are reported as mean±standard devi-
ation when they are normally distributed, and median and inter-
quartile range when they are not normally distributed. Categorical 
values are presented as absolute value and percentage.

Two types of analysis were performed: a patient-level and 
a frame-level analysis. In patient-level analysis, ANOVA and the 
Kruskal-Willis test – depending on the distribution of variables – 
were used for independent group comparison of continuous vari-
ables. Comparison between categorical variables was performed 
using the chi-square test.

In frame-level analysis (to control for the patient effect), 
a mixed model with random intercept was used to examine the 
association between stent type and neoatherosclerotic character-
istics. A p-value <0.05 was considered statistically significant. 
Analysis was performed with the SPSS, Version 20 (IBM Corp., 
Armonk, NY, USA) and the open-source R, version 3.3.0 (The R 
Foundation for Statistical Computing, Vienna, Austria) statistical 
packages.

Results
PATIENT CHARACTERISTICS
From November 2009 to September 2015, 41 patients were iden-
tified who were deemed suitable for inclusion in the study. After 
reviewing the data, six patients were excluded, one because of 

extensive overlapping, one because of no significant in-stent reste-
nosis, three because it was not possible to delineate the stent bor-
der in a segment with a length >0.8 mm and one because there was 
no information about the implanted stent. Therefore, 35 patients 
(35 stented segments, 11 implanted with a BMS, 13 with a first-
generation and 11 with a second-generation DES) were included 
in the analysis.

As shown in Table 1, the three groups had similar baseline 
characteristics and were receiving similar treatment before being 
admitted with a cardiovascular event. The only differences noted 
were in the time interval between index procedure and cardiovas-
cular event, which was increased in the BMS group, and in the 
stent length which was increased in patients treated with a second-
generation DES.

OPTICAL COHERENCE TOMOGRAPHIC ANALYSIS
The total number of analysed frames was 2,304 (568 frames in 
11 patients treated with BMS, 860 frames in 13 patients implanted 
with a first-generation DES and 876 in 11 patients treated with 
a second-generation DES).

There were no significant differences between groups with 
regard to the lumen, stent, neointima areas and burden (Table 2). 
Lipid-rich neoatherosclerotic lesions were identified in 31 patients 
(10 implanted with a BMS, 12 with a first-generation DES and 
nine with a second-generation DES), while calcific neoathero-
sclerotic lesions were detected in 19 patients (six implanted with 
a BMS, seven with a first-generation and six with a second-gen-
eration DES). Lipid-rich and calcific neoatherosclerotic lesions 
co-existed in 15 patients (six implanted with a BMS, six with 
a first-generation DES and three with a second-generation DES).

Neoatherosclerotic lesions were the culprit lesions in 31 patients 
(nine implanted with BMS, 12 with a first- and 10 with a sec-
ond-generation DES). In the other four cases, stent failure was 
attributed to restenosis because of excessive neointima prolifera-
tion (three cases) and edge restenosis in the distal edge of one 
stent. As shown in Figure 1, neoatherosclerosis had focal mani-
festations in all stent types. There were no significant differences 
between different stent types in the number of lipid-rich and cal-
cific neoatherosclerotic lesions, in their length, and in the lipid 
and calcific areas in these lesions (Table 2). The minimum thick-
ness of the fibrous cap was smaller, and the number of TCFA was 
increased in BMS (10 in BMS, six in first-generation and five in 
second-generation DES; p=0.174), but these differences were not 
statistically significant.

Frame-level analysis demonstrated no significant differences in 
neointima burden among BMS, first- and second-generation DES 
(Table 3). Increased thrombus formation and neointima disconti-
nuities were identified in patients implanted with a first-generation 
DES, while the prevalence of neoatherosclerosis was numerically 
higher in the BMS group compared to the DES groups, a fact that 
should be attributed to the numerically higher incidence of lipid-
rich neointima. The fibrous cap was thinner and macrophage accu-
mulation was increased in BMS.
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Table 1. Baseline characteristics of the studied population.

BMS (n=11)
First-generation 

DES (n=13)
Second-generation 

DES (n=11)
p-value

Baseline characteristics Age (years) 60.1±8.5 61.9±8.0 62.7±9.1 0.751

Time interval (years) 12.2±2.9 7.8±2.9 2.5±2.7 <0.001

Male 10 (90%) 10 (76%) 6 (54%) 0.144

Hypertension 8 (72%) 10 (76%) 7 (63%) 0.768

Diabetes mellitus 3 (27%) 3 (23%) 5 (45%) 0.469

Dyslipidaemia 10 (90%) 9 (69%) 7 (63%) 0.298

Smoking 8 (72%) 5 (38%) 8 (72%) 0.135

Prior MI 8 (72%) 6 (46%) 5 (45%) 0.333

Number of diseased vessels 2 (1-3) 1 (1-2) 2 (1-2) 0.323

Clinical presentation at 
the time of the event

Stable angina 2 (18%) 4 (30%) 2 (18%)

0.718NSTEMI* 6 (54%) 7 (53%) 8 (72%)

STEMI* 3 (27%) 2 (15%) 1 (9%)

Medications at the time 
of the event

Antiplatelet agents* 10 (91%) 10 (83%) 10 (91%) 0.807

Statins 10 (91%) 9 (75%) 7 (78%) 0.591

Beta-blockers 7 (64%) 8 (67%) 4 (44%) 0.555

RAAS inhibitors* 6 (55%) 6 (50%) 4 (44%) 0.904

Treated vessel Left main stem 0 (0%) 0 (0%) 2 (18%)

0.080
Left anterior descending artery 7 (64%) 8 (61%) 5 (45%)

Left circumflex 4 (36%) 1 (8%) 3 (27%)

Right coronary artery 0 (0%) 4 (31%) 1 (9%)

Baseline PCI* Length of stented segment (mm) 22.6±6.4 25.1±11.1 36.8±12.4 0.006

Diameter of stent (mm) 3.00 (3.00-3.50) 3.00 (2.75-3.50) 3.00 (2.75-3.50) 0.860

Number of stents 1 (1-1) 1 (1-2) 1 (1-2) 0.023

*Antiplatelet agents include: aspirin, clopidogrel, prasugrel and ticagrelor. NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous 
coronary intervention; RAAS inhibitors: renin-angiotensin-aldosterone system inhibitors; STEMI: ST-elevation myocardial infarction

Table 2. Patient-based comparison of OCT data in the three studied groups.

BMS (n=11)
First-generation DES 

(n=13)
Second-generation 

DES (n=11)
p-value

Mean lumen area (mm2) 4.69±1.38 4.64±1.81 4.73±1.93 0.991

Mean stent area (mm2) 7.22±1.42 7.22±2.25 6.93±2.04 0.921

Mean neointima area (mm2) 2.54±0.92 2.59±1.30 2.19±1.09 0.665

Neointima burden (%) 36.1 (24.4-45.6) 30.4 (25.4-44.2) 31.1 (19.3-36.6) 0.822

Neoatherosclerotic lesion characteristics
Number of lipid-rich lesions 2.0 (1.0-2.0) 1.0 (1.0-3.0) 1.0 (1.0-2.0) 0.712

Mean neointima area in lipid-rich lesions (mm2) 3.04±0.75 3.53±1.19 4.04±1.40 0.181

Mean neointima burden in lipid-rich lesions (%) 41.1 (25.8-46.9) 46.8 (37.7-57.9) 49.3 (26.7-60.4) 0.180

Mean lipid area (mm2) 1.09±.044 1.34±0.99 1.32±0.47 0.375

Length of lipid-rich lesions (mm) 4.3±2.2 4.9±4.3 4.0±3.7 0.842

Mean lipid angle (degrees) 121.9±33.3 133.4±57.6 149.4±53.7 0.492

Minimum cap thickness (µm) 52±41 96±62 76±46 0.163

Average cap thickness (µm) 189 (172-226) 259 (198-329) 261 (203-291) 0.141

Number of calcific lesions 0 (0-1) 1 (0-1) 1 (0-1) 0.952

Mean neointima area in calcific lesions (mm2) 3.17±1.35 2.56±1.25 2.54±1.05 0.599

Mean neointima burden in calcific lesions (%) 37.5±12.0 39.9±11.2 37.5±16.7 0.931

Mean calcific area (mm2) 0.32 (0.25-0.54) 0.42 (0.23-0.45) 0.31 (0.22-0.44) 0.861

Length of calcific lesions (mm) 1.15±1.16 2.12±1.31 2.07±0.59 0.241
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First-generation drug-eluting stents

Bare metal stents

Second-generation drug-eluting stents

Fibrotic neointima
Calcific tissue
Fibroatheroma
Thin-cap fibroatheroma

2 mm

Distal        Proximal

Figure 1. Distribution of neoatherosclerotic lesions in BMS, first- and second-generation DES. Green indicates fibrotic neointima, pink 
calcific neoatherosclerotic lesions, red fibroatheromas, and dark red TCFA.

Table 3. Frame-level OCT analysis in the three studied groups.

BMS (n=11)
First-generation DES 

(n=13)
Second-generation 

DES (n=11)
p-value

Mean lumen area (mm2) 4.85±1.86 4.25±2.02 4.97±2.54 0.989

Mean stent area (mm2) 7.25±1.65 6.65±2.15 7.16±2.19 0.924

Mean neointima area (mm2) 2.40±1.24 2.41±1.60 2.19±1.55 0.683

Neointima burden (%) 33.83±17.05 35.63±21.10 32.38±21.60 0.914

Neointima characteristics – qualitative analysis

Frames with neoatherosclerotic lesions 203 (35.7) 216 (25.1) 139 (15.9) 0.089

Frames with lipid-rich neointima 155 (27.3) 155 (18) 113 (12.9) 0.052

Frames portraying TCFA 36 (6.3) 9 (1.0) 12 (1.4) 0.170

Frames portraying calcific-rich neointima 54 (9.5) 66 (7.7) 29 (3.3) 0.550

Frames portraying macrophages 114 (20.1) 89 (10.3) 64 (7.3) 0.012

Frames portraying neo-vessels 5 (0.9) 18 (2.1) 16 (1.8) 0.737

Frames portraying cholesterol crystals 3 (0.5) 11 (1.3) 8 (0.9) 0.657

Frames portraying thrombus 7 (1.2) 88 (10.2) 17 (1.9) 0.032

Frames portraying neointima discontinuities 4 (0.7) 72 (8.4) 4 (0.5) 0.009

Neointima characteristics – qualitative analysis

Lipid burden (%) 11.3±21.9 6.8±16.4 6.0±16.6 0.362

Lipid angle (degrees) 40.8±77.6 26.2±64.5 24.9±70.2 0.311

Minimum cap thickness (µm) 109±64 189±121 187±0.96 <0.001

Mean cap thickness (µm) 194±81 284±142 303±118 <0.001

Calcific burden (%) 1.7±7.6 1.5±6.0 0.5±3.2 0.701
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ATTENUATION AND BACKSCATTER ANALYSIS
Attenuation and backscatter analysis was performed in 30 stented 
segments (2,074 frames, nine BMS, 12 first-generation and nine 
second-generation DES). In five cases, processing was not feas-
ible as the data were in DICOM format and the developed algo-
rithm had been designed for the analysis of original raw data. 
Poor flushing was noted in 101 frames, thrombus in 83, while in 
385 frames the region of interest exhibited neointima in an arc 
<180°. Therefore, 1,505 frames were included in the final analy-
sis (Figure 2).

The attenuation and backscatter indices were increased in 
BMS compared to DES groups (Table 4, Figure 3A, Figure 3B). 
Subsegment analysis demonstrated significant differences in 
attenuation indices between different stent types in neoathero-
sclerotic lesions but not in the subsegments located adjacent to the 

neoatherosclerotic lesions or in the subsegments located distally to 
neoatherosclerotic lesions (Figure 3C). Backscatter indices were 
also different in subsegments with neoatherosclerotic lesions and 
in subsegments located distally to neoatherosclerotic lesions, but 
there were no differences in the subsegments located adjacent to 
neoatherosclerotic lesions (Figure 3D).

In all stents, the attenuation and backscatter indices increased 
as we moved from subsegments distal to neoatherosclerotic 
lesions to subsegments adjacent to these lesions and finally to 
neoatherosclerotic lesions (p for all three stent types <0.001). 
When we compared the attenuation and backscatter values among 
the three subsegments with and without stent type as a random 
effect (patient was included as a random effect in both models), 
we found that the effect of stent type was insignificant for both 
attenuation (p=0.223) and backscatter indices (p=0.090).

Figure 2. Attenuation and backscatter analysis. Colour-coded display of the attenuation indices in an OCT frame with a neoatherosclerotic 
lesion, in a frame located adjacent to a neoatherosclerotic lesion, and in a frame distal to a neoatherosclerotic lesion in a patient implanted 
with a BMS (A-C), first-generation DES (E-G) and second-generation DES (I-K), respectively. Spread-out stent plots of the attenuation indices 
in a BMS (D), first-generation (H) and second-generation DES (L). The dashed dark green line indicates the location of the frame portraying 
the neoatherosclerotic lesion (marked with red transparent colour in the spread-out stent plots), the dashed green line the frame obtained from 
a subsegment adjacent to a neoatherosclerotic lesion (marked with yellow transparent colour in the spread-out stent plots) and the dashed 
light green line the frame obtained from a subsegment located distally to a neoatherosclerotic lesion (marked with blue transparent colour in 
the spread-out stent plots).
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Figure 3. Box plots of the attenuation and backscatter analysis. Attenuation (A) and backscatter (B) indices in BMS, first-generation DES 
(1st-gen DES) and second-generation DES (2nd-gen DES). Indicates statistically significant differences (p<0.05) between the BMS and the 
DES groups. Indicates statistically significant differences between first-generation and second-generation DES. Attenuation (C) and 
backscatter (D) indices in the subsegments located distally (distal segments), adjacent to neoatherosclerotic subsegments (edges) and in 
neoatherosclerotic lesions (neoatherosclerotic segments). Indicates statistically significant differences in the attenuation/backscatter indices 
between corresponding BMS and first- or second-generation DES subsegments. Denotes statistically significant differences between 
first- and second-generation DES. Indicates statistically significant differences in the attenuation/backscatter indices between subsegments 
located distally to neoatherosclerotic lesions and the subsegments adjacent to neoatherosclerotic or at the neoatherosclerotic lesions in each 
stent type. Denotes statistically significant differences between subsegments located adjacent to neoatherosclerotic lesions and the 
subsegments with neoatherosclerotic lesions.

Table 4. Attenuation and backscatter indices at the time of the event in patients implanted with a BMS, first-generation and second-
generation DES.

BMS (n=9)
First-generation DES 

(n=12)
Second-generation 

DES (n=9)
p-value

Attenuation indices
Mean values 2.30 (1.98-2.72) 2.10 (1.80-2.49) 1.83 (1.57-2.29) 0.031

Neoatherosclerotic segments 2.54 (2.27-3.07) 2.36 (1.96-2.99) 2.20 (1.79-2.53) 0.016

At the edges of neoatherosclerotic segments 2.18 (1.93-2.50) 2.18 (1.83-2.54) 2.08 (1.66-2.40) 0.372

Distally to neoatherosclerotic segments 2.04 (1.68-2.39) 1.96 (1.73-2.26) 1.70 (1.52-1.99) 0.224

Backscatter indices
Mean values 7.00 (6.78-7.22) 6.66 (6.46-6.89) 6.63 (6.33-7.01) 0.018

Neoatherosclerotic segments 6.96 (6.72-7.17) 6.80 (6.57-7.01) 6.81 (6.37-7.02) 0.033

At the edges of neoatherosclerotic segments 6.96 (6.80-7.18) 6.70 (6.46-6.94) 6.79 (6.47-7.13) 0.083

Distally to neoatherosclerotic segments 6.82 (6.58-7.02) 6.59 (6.42-6.81) 6.48 (6.21-6.72) 0.042

Discussion
In this study we examined for the first time the morphological char-
acteristics of the neointima in different stent types in patients with 
neoatherosclerotic lesions admitted with a cardiovascular event 

attributed to stent failure. We found: 1) no differences in neoin-
tima burden in different stents, but 2) increased lipid tissue burden 
and macrophage accumulation in BMS at the time of the event, 
3) a higher incidence of thrombus and neointima discontinuities 



e1838

EuroIntervention 2
0
1
8

;1
3

:e
18

31-e
18

4
0

in first-generation DES, 4) increased backscatter and attenuation 
indices in BMS, and 5) that the attenuation and backscatter indices 
are higher in neoatherosclerotic lesions in BMS, but 6) the attenu-
ation indices are not different and have low values in subsegments 
without neoatherosclerotic lesions in all stent types.

Our findings are in agreement with previous reports showing 
that, compared to DES, BMS failure because of neoatherosclerotic 
lesion formation occurs later after the index procedure12. Short-
term follow-up intravascular imaging studies (up to one year) have 
demonstrated increased neointima hyperplasia in BMS compared 
to first- and second-generation DES13; however, this trend appears 
to change in the long term as neointima starts to develop in DES 
after the first year of implantation – resulting in the so-called late 
catch-up phenomenon – and recent long-term intravascular imag-
ing studies have shown comparable neointima burden at long-term 
(>1 year) follow-up14.

Despite the absence of differences in neointima burden, we 
reported significant differences in neointima morphology between 
stent types. Neoatherosclerotic burden was numerically higher in 
the BMS patients, mainly because of an increase in the lipid-rich 
neointima in this group. In addition, the fibrous cap was thinner 
and the incidence of macrophage accumulation was higher in BMS 
compared to DES groups. These differences should be attributed 
not only to the different pathophysiological mechanisms underly-
ing neoatherosclerotic lesion formation in different stent types1, 
but also to the increased time interval between index procedure 
and cardiovascular events noted in the BMS group that allowed 
degeneration of the neointima to lipid-rich lesions and their matu-
ration and formation of high-risk vulnerable plaques4,6.

Despite the fact that the follow-up period was shorter in the 
first-generation DES compared to BMS, we found an increased 
frequency of neointima discontinuities and thrombus formation in 
this stent group. Our results are in agreement with a recent report 
that demonstrated an increased incidence of thrombus burden in 
first-generation compared to second-generation DES3. A possible 
explanation of this finding is the focal inflammation noted in this 
stent group that is triggered by a hypersensitivity reaction to the 
polymer. This process appears to result in eosinophil infiltration15, 
strut malapposition and, finally, stent thrombosis; however, it is 
also likely to promote the early formation of unstable neoathero-
sclerotic lesions and their destabilisation, resulting in extensive 
rupture1. The modification of stent design in the second-genera-
tion DES and, in particular, the reduction of the diameter of stent 
struts, the use of biocompatible polymers and different drug elu-
tions16, as well as the difference in time interval between device 
implantation and cardiovascular event in our study may account 
for the low incidence of neoatherosclerosis in this group.

Histology-based studies have shown increased attenuation and 
backscatter indices in lipid-rich plaques and in lesions rich in 
macrophages. Methodologies have been developed that take into 
account this information to characterise plaque morphology. In 
this study, we developed a module that enables quantification of 
these indices in order to assess degenerative changes in neointima 

in different stent types. We found higher attenuation and backscat-
ter indices in BMS compared to DES: this should be attributed to 
the increased lipid-rich neointima and macrophage accumulation 
noted in this group. More interestingly, we found low and not sta-
tistically different attenuation indices in subsegments located dis-
tally and adjacent to neoatherosclerotic lesions in all stent types. 
This finding indicates that neoatherosclerosis, similar to athero-
sclerosis, has focal manifestations, suggesting that, apart from sys-
temic factors such as high-risk vulnerable patients17, endothelial 
dysfunction or an inflammatory reaction to the drug or the poly-
mer1, other focal factors are also likely to contribute to the for-
mation of vulnerable lesions. Indeed, a histology study recently 
demonstrated that the presence of underlying high-risk plaques 
predicts neoatherosclerotic lesion formation18. In our study, in 
60% of the calcific neoatherosclerotic lesions the calcific tissue 
extended in the underlying plaque. There is speculation that the 
local haemodynamic forces may also contribute to neoathero-
sclerotic lesion formation1; however, there is no robust evidence 
to support this hypothesis. Future studies that will use advanced 
imaging techniques are expected to allow us to investigate the role 
of the local haemodynamic forces, of plaque strain following stent 
implantation, and of the local inflammation19 on neoatherosclerotic 
lesion formation, and reshape our treatment strategies (i.e., either 
by designing advanced stent platforms that will have a minimal 
effect on the local haemodynamic forces and minimise vessel wall 
trauma or by administering pharmacotherapy that will target the 
underlying inflamed plaques) so as to reduce the incidence of neo-
atherosclerosis and improve clinical outcomes.

Limitations
There are several limitations in this study. First, the small number 
of patients included may have significantly affected the power of 
the statistical analysis and did not allow us to investigate the effect 
of the time difference between index procedure and cardiovascu-
lar event on the neoatherosclerotic characteristics in different stent 
groups. Secondly, this was a retrospective analysis and therefore, 
although we included consecutive patients, it is likely that changes 
in clinical practice such as the move from BMS to first-generation 
and then to second-generation DES implantation might have intro-
duced bias with regard to the time interval between index proce-
dure and cardiovascular events in different stent groups. Moreover, 
in order to perform a detailed qualitative and quantitative analysis 
of neointima morphology, we excluded segments with extensive 
thrombus or lipid burden that did not allow visualisation of stent 
circumference in the entire stent. This may have introduced bias 
but, nevertheless, it is reassuring that our findings are in agree-
ment with other published reports2-4. Finally, it should be acknow-
ledged that in this study there was no control group that would 
have allowed us to compare plaque characteristics in symptomatic 
and asymptomatic patients, and the baseline OCT data before or 
after stent implantation were lacking; therefore, it was not poss-
ible to evaluate the role of the underlying plaque on neoathero-
sclerotic evolution.
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Neoatherosclerotic characteristics in different stent types

Conclusions
We found a significant variation in the phenotypic characteristics 
of the neointima in different stent types in patients with neoathero-
sclerotic lesions admitted with a cardiovascular event attributed to 
stent failure. In BMS, neoatherosclerotic lesions had a more vulner-
able morphology with a numerically increased lipid-rich neointima, 
thinner fibrous caps and a higher incidence of macrophage accumu-
lation, whereas in first-generation DES there was an increased inci-
dence of neointima discontinuities and thrombus burden. In all stent 
types, however, neoatherosclerosis had focal manifestations, a finding 
that suggests that, apart from systemic or stent-related factors, local 
triggers are also involved in the formation of vulnerable neolesions.

Impact on daily practice
Despite the fact that neoatherosclerosis has different morpholog-
ical characteristics in BMS, first- and second-generation DES 
in patients admitted with stent failure, in all stent types it has 
focal manifestations, indicating that local triggers also contrib-
ute to the generation of vulnerable neolesions. Understanding 
the focal mechanisms regulating their formation is crucial in 
order to reduce the incidence of neoatherosclerosis and improve 
clinical outcomes.
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