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Abstract
Aims: Although pathological studies have indicated the development of neoatherosclerosis (NA) after 
stenting, its risk factors and impact on future clinical events remain unclear. We aimed to clarify the pos-
sible risk factors for NA development and to evaluate the impact of NA in a large Japanese observational 
OCT database of patients with coronary heart disease.

Methods and results: One hundred and seventy-five consecutive patients (314 lesions) who underwent 
OCT examination >1 year after bare metal or drug-eluting stent implantation were enrolled. We assessed the 
presence of NA by follow-up OCT and compared adverse clinical events between NA+ and NA– patients. 
Forty-six patients had NA at the follow-up OCT. These patients had higher low-density lipoprotein (LDL) 
cholesterol and C-reactive protein (CRP) levels at follow-up. In multivariate logistic analysis, LDL choles-
terol and CRP levels at follow-up were independently associated with the presence of NA (odds ratio [OR]: 
1.022, p=0.008, OR 1.022, p=0.001, respectively). Moreover, patients with NA had a higher incidence of 
major adverse cardiac events (MACE) at follow-up. Multivariate Cox hazard analysis showed that the pres-
ence of NA was an independent risk factor for MACE (hazard ratio: 2.909, p=0.012).

Conclusions: High LDL cholesterol and CRP levels may be risk factors for NA development in patients 
treated with coronary stents. Moreover, the presence of NA was independently associated with MACE, sug-
gesting the need for careful clinical follow-up of these patients.
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Abbreviations
CAD coronary artery disease
CRP C-reactive protein
DES drug-eluting stent
LDL low-density lipoprotein
MACE major adverse cardiac events
MI myocardial infarction
NA neoatherosclerosis
OCT optical coherence tomography
PCI percutaneous coronary intervention
TLR target lesion revascularisation

Introduction
Drug-eluting stent (DES) use has dramatically reduced the mid-
term incidence of target lesion revascularisation (TLR) by sup-
pressing acute-phase excessive neointima proliferation that occurs 
in response to stenting. However, late-phase clinical events, 
including late stent thrombosis and delayed restenosis, termed as 
late DES failure, have been proposed as potential concerns after 
first- and second-generation DES implantation1,2. Emerging evi-
dence has suggested the involvement of atherogenic progression 
within neointima, termed as neoatherosclerosis (NA), in these 
events3.

Recently, Kang et al demonstrated the ability of optical coher-
ence tomography (OCT) to detect atherogenic changes within 
neointima and showed a high incidence of NA with late DES fail-
ure4. However, the lack of information on NA prevalence in non-
event cases, and its relation with long-term clinical events, limits 
the clinical value of NA detection by OCT in clinical settings.

Here, we aimed to clarify the possible risk factors for NA devel-
opment and to evaluate the impact of NA in a large Japanese obser-
vational OCT database of patients with coronary artery disease.

Methods
PATIENT POPULATION
The Kobe University Hospital OCT registry is a single-centre reg-
istry of consecutive patients who underwent OCT of the coronary 
arteries between July 2005 and February 2013. Any patient who 
underwent OCT was eligible for the registry. During this period, 
we performed OCT for the following reasons: 1) planned fol-
low-up coronary angiography (CAG) and OCT as routine stent 
follow-up or due to other study protocols, regardless of symp-
toms, 2) evidence of myocardial ischaemia such as silent myo-
cardial ischaemia, stable angina, or acute coronary syndrome, 
or 3) planned follow-up angiography for other stent segments. 
Exclusion criteria for OCT were: 1) anatomically unsuitable tar-
get artery for OCT according to previously described criteria5, 
2) apparent congestive heart failure, 3) renal insufficiency with 
baseline creatinine level ≥2.0 mg/dL, 4) no written informed con-
sent from the patient. Among 426 patients enrolled into this regis-
try during this period, 175 consecutive patients (314 lesions) who 
met the following criteria were enrolled into the present study: 
1) patients treated with bare metal stents (BMS), sirolimus-eluting 

From July 2005 to February 2013

The Kobe University Hospital OCT registry

Total 426 patients

180 patients underwent OCT
follow-up at >1 year after PCI

175 patients analysed
in this study

Excluded

Excluded

N=246: follow-up OCT
performed less than 

1 year after PCI

N=5: OCT analysis not 
performed due to poor 

image quality

46 patients had NA 
detected: NA+group

129 patients had no NA 
detected: NA–group

Figure 1. Study population.

stents (SES) (CYPHER®; Cordis, Johnson and Johnson, Miami 
Lakes, FL, USA), paclitaxel-eluting stents (PES) (TAXUS™; 
Boston Scientific, Marlborough, MA, USA), or everolimus-elut-
ing stents (EES) (XIENCE V®; Abbott Vascular, Santa Clara, 
CA, USA, or Promus™; Boston Scientific), and 2) patients who 
underwent CAG and OCT examination >1 year after stent implan-
tation (Figure 1). NA, defined as lesions with lipid-laden neoin-
tima, neointima with calcification, a thin-cap fibroatheroma-like 
neointima or neointimal rupture4,6,7 (Figure 2), was assessed on 
the follow-up OCT and patients were subdivided according to the 
presence or absence of NA (NA+ group and NA– group, respec-
tively) (Figure 1).

The percutaneous coronary intervention procedure was per-
formed with intravascular ultrasound guidance. All patients were 
receiving aspirin (100 mg/day). Patients also received ticlopidine 
(200 mg/day) or clopidogrel (75 mg/day) for at least two weeks 
after BMS implantation or for at least three months after DES 
implantation. Blood samples were collected before cardiac cath-
eterisation after overnight fasting for 10 to 12 hours. This study 
was approved by the ethics committee of Kobe University and 
was performed according to the guidelines of the Declaration of 
Helsinki. All study patients provided written informed consent to 
undergo the follow-up OCT and for enrolment into the study.

OCT EXAMINATION
Both the time-domain OCT system (M2 Cardiology Imaging 
System; LightLab Imaging, Westford, MA, USA) and the fre-
quency-domain OCT system (C7-XR™ OCT Intravascular Imaging 
System; St. Jude Medical, St. Paul, MN, USA) were used in the 
present study. OCT examination was performed, as previously 
reported8. In cases evaluated by the time-domain OCT system, 
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a 0.016-inch OCT catheter (ImageWire; LightLab Imaging) was 
advanced to the distal end of the stented lesion through an occlu-
sion balloon catheter (Helios™; LightLab Imaging). The occlu-
sion balloon was inflated to 0.5 atm at the proximal site of the 
stented lesion, followed by an infusion of lactated Ringer’s solu-
tion into the coronary artery from the distal tip of the occlusion 
balloon catheter at 0.5 to 0.7 mL/s, to clear the area of blood. The 
entire stented length of the lesion was then imaged using an auto-
matic pullback system moving at 1 mm/s. In cases evaluated with 
the frequency-domain OCT system, a C7 Dragonfly™ catheter 
(LightLab Imaging) was advanced to the distal end of the stented 
lesion over a 0.014-inch guidewire, followed by an infusion of 
contrast medium into the coronary artery from the guiding catheter 
at 3.5 mL/s, which served as a flush to clear the area of blood. The 
entire stented length was then imaged using an automatic pullback 
system moving at 20 mm/s.

OCT ANALYSIS
All OCT images were analysed at every frame in stents by two 
independent investigators, who were blinded to the angiographic 
and clinical findings, using Off-line Review Workstation soft-
ware. When discordance occurred between observers, a consensus 
reading was obtained. The criteria for the diagnosis of NA were 
lesions with lipid-laden neointima, neointima with calcification, 
a thin-cap fibroatheroma-like neointima or neointimal rupture7. 
Lipid-laden neointima was defined as a signal-poor region with 
diffuse borders, and neointima with calcification was defined as 
a well-delineated, signal-poor region with sharp borders9. A thin-
cap fibroatheroma-like neointima was defined as neointima with 
a fibrous cap thickness at the thinnest part <65 µm and an angle of 
lipid-laden neointima >1804,6,9. Neointimal rupture was a break in 
the fibrous cap that connected the lumen with the underlying lipid 
pool. Microvessels were defined as well-delineated low backscat-
tering structures <200 μm in diameter showing a trajectory within 
the vessel10. Intraobserver and interobserver agreements for the 
detection of NA were within the acceptable range (intraobserver, 
kappa=0.946; interobserver, kappa=0.890).

OUTCOME VARIABLES AND DEFINITIONS
Long-term clinical outcome data (mean 50.9±7.7 months) were 
obtained by reviewing outpatient records or telephone interview. 
The primary outcomes were death, myocardial infarction (MI), 
stent thrombosis according to the ARC definition11, clinically 
driven TLR, and MACE (cardiac death, MI, and TLR) >1 year 
after stent implantation. All deaths were considered cardiac-related 
unless an unequivocal non-cardiac cause could be established. MI 
was considered in cases where the cardiac enzyme levels (troponin 
or myocardial band fraction of creatine kinase) were greater than 
the upper limit of the normal value12. All events were carefully 
verified and adjudicated by independent clinicians.

STATISTICAL ANALYSES
Qualitative data are presented with frequencies, and quantitative 
data are shown as mean values±SD. For continuous variables, 
comparisons between two groups were performed using a two-
tailed, unpaired t-test or Wilcoxon test. Discrete variables are 
presented as percentages, and comparisons were performed by chi-
square analysis or Fisher’s exact test. Logistic regression analyses 
were performed to identify independent predictors of the presence 
of NA. Survival curves were constructed using Kaplan-Meier esti-
mates and compared with the log-rank test. Hazard ratios and 95% 
confidence intervals (CI) were calculated by means of the Cox 
proportional hazards regression model. Variables which showed 
a statistically significant effect on event-free survival in the uni-
variate analyses were entered in a multivariate Cox proportional 
hazards model using a backward stepwise selection to obtain the 
final model. At each step, the least significant variable was dis-
carded from the model, until all variables in the model reached 
a p-value of <0.25. A probability value (p) of <0.05 was consid-
ered statistically significant. The value of CRP was multiplied by 
100 before calculating both logistic and Cox proportional analysis. 
To assess intraobserver and interobserver variabilities, categorical 
data were compared with the kappa test of concordance. Analyses 
were performed using commercially available software, SPSS, 
Version 20 (IBM Corp., Armonk, NY, USA).

Figure 2. Representative OCT images. Representative optical coherence tomographic images of neointimal tissue. A) Lipid-laden neointima 
(arrows). B) Neointima with calcification (arrow).
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Results
PATIENT CHARACTERISTICS
Between July 2005 and February 2013, 175 patients were enrolled. 
NA was identified in 46 patients at follow-up OCT (NA+ group). 
The remaining 129 patients did not exhibit NA (NA– group). The 
mean follow-up time from stent implantation to the OCT follow-
up was significantly longer in the NA+ than in the NA– group. 
There were no significant differences between the groups in medi-
cations or laboratory data at the OCT follow-up, although the rate 
of statin usage was significantly lower, and CRP and LDL choles-
terol levels were significantly higher in the NA+ group (Table 1).

LESION CHARACTERISTICS
Of 314 lesions, 54 were identified as NA at the follow-up OCT. 
Compared with lesions without NA, those lesions with NA had 
a significantly longer follow-up duration of OCT and a higher fre-
quency of type B2/C lesions (Table 2).

THE RISK FACTORS OF NEOATHEROSCLEROSIS
All patient characteristics and laboratory data were analysed by 
univariate and multivariate logistic regression analysis to clarify 
patient-based risk factors for the development of NA (Table 3). 
Univariate analysis showed that higher CRP and LDL cholesterol 
levels were positively associated with NA, whereas statin use was 
negatively associated with the presence of NA. Multivariate analy-
sis revealed that CRP and LDL cholesterol levels were indepen-
dently associated with the presence of NA.

Receiver operating characteristic (ROC) curves showed that 
the optimal cut-off value of CRP for the presence of NA was 
0.055 mg/dL, with a sensitivity of 63.6% and a specificity of 
73.9% (area under the curve [AUC]: 0.73, 95% CI: 0.65-0.81), 
and that of LDL cholesterol for the presence of NA was 86 mg/dL, 
with a sensitivity of 57.4% and a specificity of 71.7% (AUC: 0.64, 
95% CI: 0.55-0.73) (Figure 3A). The patients with CRP and LDL 
cholesterol levels of >0.055 mg/dL and >86 mg/dL, respectively, 
had an 18.8-fold higher risk of NA progression compared to those 
who did not fulfil both criteria (Figure 3B).

Lesion-specific data were also compared between the NA+ and 
NA– groups to investigate potential lesion-specific risk factors for 
NA progression (Appendix Table 1). Univariate analysis showed 
that longer follow-up duration of OCT and the high frequency of 
lesion type B2/C were positively associated with NA. In multivar-
iate analysis, follow-up duration of OCT and frequency of lesion 
type B2/C were independently associated with the presence of NA.

CLINICAL OUTCOMES
In the overall population, six patients suffered from MI (NA+, n=4 
vs. NA–, n=2). All of the MI in the NA+ group occurred due to 
target lesion occlusion, while one out of two in the NA– group 
had an MI of a non-target lesion. Three patients in the NA+ group 
died of cardiac death: one patient died of possible ST, one patient 
of definite ST related to the target lesion and one patient of heart 
failure, whereas no patient in the NA– group experienced cardiac 

Table 1. Baseline clinical characteristics.

Variable
NA+  

(n=46)
NA– 

(n=129)
p-value

Clinical characteristics at the index procedure
Age (years) 68.7±8.1 68.2±9.6 0.76

Male 31 (67.4) 95 (73.6) 0.42

BMI (kg/m2) 23.7±3.7 24.3±3.1 0.27

Follow-up duration of OCT 
(months) 46.7±23.5 32.3±20.9 0.001

Diabetes mellitus 21 (45.6) 64 (49.6) 0.65

Hypertension 36 (78.2) 111 (86.0) 0.21

Dyslipidaemia 36 (78.2) 113 (87.6) 0.12

Current smoker 9 (19.5) 34 (26.3) 0.29

Haemodialysis 4 (8.7) 7 (5.4) 0.31

Previous coronary angioplasty 17 (36.9) 49 (37.9) 0.90

Previous myocardial infarction 12 (26.1) 29 (22.4) 0.62

Previous coronary artery bypass 
graft 4 (8.7) 2 (1.5) 0.042

Ejection fraction 58.1±13.2 59.6±8.3 0.51

Angina 
status

Stable 35 (76.1) 107 (82.9)
0.31Unstable/Acute 

coronary syndrome 11 (23.9) 22 (17.1)

Medication 
at the last 
OCT 
follow-up

Aspirin 43 (93.4) 122 (94.6) 0.52

Thienopyridine 30 (65.2) 89 (69.0) 0.64

Statin 28 (60.8) 102 (79.0) 0.015

ACE-I and/or ARB 29 (63.0) 101 (78.2) 0.066

Beta-blocker 24 (52.1) 73 (56.6) 0.60

Mean duration of dual antiplatelet
therapy (months) 21.8±20.0 22.9±18.4 0.74

Laboratory data at follow-up OCT
CRP (mg/dL) 0.27±0.34 0.11±0.20 0.003

HDL cholesterol (mg/dL) 47.8±11.0 46.0±12.1 0.38

LDL cholesterol (mg/dL) 95.8±26.2 83.9±22.2 0.004

Triglyceride (mg/dL) 138.9±64.5 118.1±47.8 0.050

Fasting glucose plasma (mg/dL) 112.0±32.7 111.5±35.7 0.94

HbA1C (%) 6.2±1.2 6.3±1.1 0.97

Creatinine (mg/dL) 1.45±1.68 1.37±1.58 0.77

Values are presented as mean±SD or absolute numbers (%).  
ACE-I: angiotensin-converting enzyme inhibitor; ARB: angiotensin II 
receptor blocker; BMI: body mass index; CRP: C-reactive protein; HDL 
cholesterol: high-density lipoprotein cholesterol; LDL cholesterol: 
low-density lipoprotein cholesterol; NA: neoatherosclerosis; OCT: optical 
coherence tomography

death. The representative TLR case of the patient with NA is 
shown in Moving image 1. The incidence of MACE was signi-
ficantly higher in the NA+ group. This was mainly driven by an 
increase in the rate of cardiac death and TLR (Table 4). Moreover, 
the incidence of stent thrombosis (definite/probable) was signi-
ficantly higher in the NA+ group than in the NA– group (Table 4, 
Figure 4). In the univariate analysis, high CRP level, the presence 
of NA, and haemodialysis were significantly associated with an 
increased incidence of MACE, whereas statin use was associated 
with fewer clinical events. Multivariate analysis demonstrated that 
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INCIDENCE OF NEOATHEROSCLEROSIS STRATIFIED BY 
STENT TYPES
We analysed a total of 314 lesions (SES: 149, PES: 67, EES: 61, 
BMS: 37) by the follow-up OCT. In the BMS group, stent length 
was significantly shorter and stent size was larger than in the oth-
ers (Appendix Table 2). In the SES and PES groups, NA occurred 
at a constant rate at each period while the earliest case with NA in 
the BMS group was observed 65.5 months after stent implantation 
(Figure 6). In the EES group, NA was observed in 13.1% (7/61 
lesions) between 12 and 36 months after stent implantation, while 
there were no data from 36 months after stenting in this study 
because we had no cases available for >36 months of follow-up 
OCT with long-term clinical follow-up.

Discussion
CLINICAL IMPACT AND RISK FACTORS OF 
NEOATHEROSCLEROSIS
Atherogenic changes within the neointima are considered to be 
one of the primary substrates for both late stent thrombosis and 
restenosis after stent placement4,6,13-15. Using pathological exami-
nations, Nakazawa et al reported an early progression of NA in the 
neointima of DES cases compared with BMS cases3. Moreover, 
a recent OCT study demonstrated a relatively high incidence 
of lipid-laden neointima (67%) in patients >5 years after BMS 
implantation4,6. However, limited evidence is available on the 
long-term clinical impact of NA detected by OCT. Lee SY et al 
reported that patients with NA had a higher rate of TLR and stent 
thrombosis, compared with those without NA7. Being in line with 
the previous study, the present study shows that patients with NA 
have a significantly higher incidence of cardiac death, TLR, stent 
thrombosis (definite/probable), and MACE during the follow-up 
period. Multivariate analysis showed that patients with NA had 
a significantly greater risk of developing TLR and MACE. These 
findings support the concept that the development of NA can be 

6.0

20.5 21.3

54.5

OR: 18.800, 95% CI: 5.076-69.63, p<0.001

(–,–) (–,+) (+,–) (+,+)

(%)
60

40

20

0

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

S
en

si
ti

vi
ty

NA /CRP

AUC 0.73
95% CI: 0.65-0.81

A1 1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

S
en

si
ti

vi
ty

NA /LDL cholesterol

AUC 0.64
95% CI: 0.55-0.73

A2 B

Figure 3. Diagnostic performance of CRP and LDL cholesterol for the presence of NA. A) ROC curves for the sensitivity and specificity of the 
association between the presence of NA and CRP level (A1) and LDL cholesterol level (A2). B) The prevalence of NA stratified by the cut-off 
value of CRP and LDL cholesterol level. (–,–): patients with CRP <0.055 mg/dL and LDL cholesterol <86 mg/dL; (–,+): patients with CRP 
<0.055 mg/dL and LDL cholesterol >86 mg/dL; (+,–): patients with CRP >0.055 mg/dL and LDL cholesterol <86 mg/dL; (+,+): patients 
with CRP >0.055 mg/dL and LDL cholesterol >86 mg/dL

Table 2. Baseline lesion characteristics at the index procedure.

Variable
NA+  

(n=54)
NA– 

(n=260)
p-value

Follow-up duration of OCT 
(months) 43.9±24.8 34.9±21.3 0.006

Lesion 
location

Left anterior descending 
artery 20 (37.0) 98 (37.7) 0.84

Left circumflex artery 9 (16.6) 51 (19.6)

Right coronary artery 25 (46.3) 111 (42.7)

Lesion 
type

Type A/B1 11 (20.4) 104 (40.0)
0.01

Type B2/C 43 (79.6) 156 (60.0)

De novo lesion 49 (90.7) 241 (92.7) 0.40

Chronic total occlusion 7 (14.9) 27 (10.4) 0.58

Thrombus 2 (3.7) 13 (5.0) 0.51

Bifurcation lesion 5 (9.2) 45 (17.3) 0.14

Type of 
stent

Sirolimus-eluting stent 25 (46.2) 124 (47.7)

0.78
Paclitaxel-eluting stent 15 (27.8) 52 (20.0)

Everolimus-eluting stent 8 (14.8) 53 (20.4)

Bare metal stent 6 (11.1) 31 (11.9)

Stent size (mm) 3.04±0.42 3.02±0.41 0.76

Stent length (mm) 25.7±9.9 23.3±9.9 0.12

Post-dilatation 24 (44.4) 135 (51.9) 0.51

IVUS-guided PCI 39 (72.2) 202 (77.7) 0.39

Values are presented as mean±SD or absolute numbers (%).
IVUS: intravascular ultrasound; NA: neoatherosclerosis; OCT: optical 
coherence tomography; PCI: percutaneous coronary intervention

high CRP level, the presence of NA, and haemodialysis were inde-
pendently associated with future adverse events (Table 5).

Based on the ROC analysis, the best cut-off value for CRP 
for predicting MACE was 0.055 mg/dL, with a sensitivity of 
61% and a specificity of 82.7% (AUC: 0.73, 95% CI: 0.63-0.83) 
(Figure 5A). MACE were more frequent in the presence of NA and 
with a CRP level >0.055 mg/dL (Figure 5B).
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one of the primary mechanisms of in-stent restenosis (ISR) and 
stent thrombosis, especially during the extended phase.

Despite a theoretical relationship between NA and late DES 
failure, information on the possible risk factors for NA progres-
sion after stenting is scarce. Yonetsu et al reported that, in addi-
tion to the stent type and the stent age, patient characteristics 
were associated with the presence of NA16, which is in accord-
ance with the present study results. In addition, we further inves-
tigated possible risk factors concerning NA progression in more 
detail by using laboratory data. As a result, we found that high 

Table 3. Univariate and multivariate logistic regression analysis for the determinants of neoatherosclerosis.

Variables
Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value

CRP 1.022 1.009-1.035 0.001 1.022 1.009–1.036 0.001

LDL cholesterol 1.021 1.006-1.035 0.005 1.022 1.006–1.038 0.008

Triglyceride 1.007 1.001-1.013 0.028

Statin 0.412 0.199-0.853 0.017

ACE-I/ARB 0.502 0.240-1.053 0.068

ACE-1: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker; CI: confidence interval; CRP: C-reactive protein; LDL cholesterol: 
low-density lipoprotein cholesterol; OR: odds ratio

Table 4. Clinical events during follow-up.

NA+ 
(n=46)

NA– 
(n=129)

p-value

Clinical follow-up duration after 
stent implantation (months) 54.2±27.3 49.6±27.9 0.34

MACE 17 (36.9) 12 (9.3) <0.001

Death 3 (6.5) 3 (2.3) 0.18

Cardiac cause 3 (6.5) 0 (0.0) 0.017

MI 4 (8.7) 2 (1.5) 0.042

TLR 14 (30.4) 10 (7.7) <0.001

Stent thrombosis (definite/
probable)

3 (6.5) 0 (0.0) 0.017

Values are presented as mean±SD or absolute numbers (%). 
MACE: major adverse cardiac events (composite of death, myocardial 
infarction and target lesion revascularisation); MI: myocardial infarction; 
TLR: target lesion revascularisation
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Figure 4. Kaplan-Meier survival curves stratified according to the presence or absence of NA. A) Cardiac death; B) MI; C) TLR; D) MACE; 
E) stent thrombosis.

LDL cholesterol and CRP levels were independently associated 
with NA after stent deployment, adding a new hypothesis to previ-
ously published data. More specifically, the risk for NA develop-
ment increased 22 percent with each 0.1 mg/dL increase in CRP 
and 22 percent with a 10 mg/dL increase in LDL cholesterol level. 
Although ROC analysis showed a relatively low diagnostic accu-
racy for CRP and LDL cholesterol levels, the combined use of 
these two cut-off values increased the accuracy for predicting NA.

Measuring the CRP level is highly effective for global risk clas-
sification, independent of the LDL cholesterol level17. Previous 
studies have shown that statin therapy reduces LDL cholesterol and 
CRP levels in healthy subjects18, patients with stable coronary dis-
ease19, and those with acute coronary syndrome20. Of note, a large-
scale Japanese registry clearly demonstrated that statin therapy at 
hospital discharge was associated with a significantly lower risk 
for late TLR >1 year after SES deployment, whereas statin use 
was not associated with early TLR after BMS or SES implanta-
tion21. These findings suggest that there are different mechanisms 
underlying early and late ISR, which probably include smooth 
muscle cell proliferation for early ISR, and incomplete endothe-
lial function with a newly formed atheroma within the neointima 
for late TLR. In a series of patients with very late stent thrombo-
sis, Amabile et al demonstrated a tendency towards higher LDL 
cholesterol levels during thrombotic events in patients with NA22. 
According to previous and current studies, we currently speculate 
that it might be necessary for patients with coronary stents to be 
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treated with optimal medical therapy including statins. A large-
scale prospective study is warranted to evaluate whether additional 
CRP and LDL cholesterol control will decrease NA progression 
and late clinical events.

TIME COURSE OF NEOATHEROSCLEROSIS PROGRESSION
In the present study, DES exhibited greater trends for athero-
sclerotic changes occurring at an earlier time point than BMS. The 
first DES case with NA was found at 12.2 months, while the first 
BMS case was found 5.5 years after stenting. A post-mortem path-
ological study demonstrated that atherogenic changes in neointima 
are found at >4 years after BMS placement23. Moreover, Hasegawa 
et al showed that, by using specimens obtained by directional coro-
nary atherectomy, ISR lesions >5 years after stent placement are 
composed of atherosclerotic materials (cholesterol clefts, necrotis-
ing foam cells, and inflammatory cells)24. These pathological find-
ings are consistent with the current OCT findings that NA in BMS 
are observed only after extended follow-up (>5 years). On the 
other hand, DES showed earlier initiation of NA in the present 
study. The early onset of atherosclerotic changes in DES rather 
than in BMS is probably due to drug effects, which are responsible 
for delayed arterial healing, incomplete endothelialisation as well 
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Figure 5. Importance of CRP and NA for MACE. A) ROC curve for the sensitivity and specificity of the association between the prevalence of 
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Figure 6. Cumulative incidence of atherosclerotic change with time 
after implantation of SES, PES and BMS. Both SES (yellow bars) 
and PES (green bars) show earlier onset of neoatherosclerosis and 
this occurred at a constant rate at each period as compared with 
BMS (blue bars). In the EES group (red bars), NA was observed in 
13.1% (7/61 lesions) between 12 and 36 months after stent 
implantation, while there were no data from 36 months after stenting 
in this study because we had no cases available for >36 months of 
follow-up OCT with long-term clinical follow-up.

Table 5. Univariate and multivariate Cox proportional hazards regression analysis for the determinants of MACE.

Variables
Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value

Neoatherosclerosis 3.370 1.606-7.073 0.001 2.909 1.265-6.689 0.012

CRP 1.017 1.008-1.027 <0.001 1.016 1.004-1.028 0.009

HDL cholesterol 0.976 0.942-1.011 0.178

Haemodialysis 3.494 1.388-8.798 0.008 3.633 1.298-10.169 0.014

Statin 0.386 0.177-0.842 0.017

ACE-I/ARB 0.522 0.246-1.109 0.091

ACE-I: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker; CI: confidence interval; CRP: C-reactive protein; HDL cholesterol: 
high-density lipoprotein cholesterol; HR: hazard ratio
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Clinical impact of neoatherosclerosis

as endothelial dysfunction. Long-term follow-up OCT data will be 
necessary to clarify the long-term incidence of NA progression in 
DES-treated lesions, especially those treated with PES and EES.

Limitations
This study has several limitations. First, this study was a single-cen-
tre study with a relatively small number of patients. Thus, a potential 
risk of patient selection bias exists. Second, we excluded patients 
with OCT examination <1 year after stent implantation, because the 
majority of NA progression occurs >1 year after stenting. Third, we 
did not validate the OCT findings with histological findings. 
Therefore, the regions identified as NA were not confirmed as con-
taining atherosclerotic changes within the neointima. Fourth, in the 
present study, only 20% of patients underwent OCT before stenting. 
Therefore, the impact of baseline plaque characteristics on NA pro-
gression remains unclear. Angiographic analyses, however, showed 
that frequency of type B2/C lesions was independently associated 
with the presence of NA. Hence, local plaque characteristics (e.g., 
morphological complexity or plaque vulnerability) might affect NA 
progression. Finally, the variation in the duration of the follow-up 
period is a limitation in the assessment of NA. Therefore, it may be 
inappropriate to compare BMS and DES directly in terms of the 
timescale of NA. We, however, have 20 BMS-treated lesions which 
were subject to follow-up OCT at the earliest follow-up time point 
(12-36 months) out of a total of 37 BMS-treated lesions (54%: 
20/37). Interestingly, no lesion had NA among these 20 lesions, 
while around 15% of DES-treated lesions had NA at the earliest fol-
low-up time point (12-36 months) (Appendix Table 2). Therefore, 
we currently consider that DES may exhibit greater trends for athero-
sclerotic changes occurring at an earlier time point than BMS. On 
the contrary, only 19% of DES-treated lesions (42/216) underwent 
follow-up OCT >60 months after stenting, and the majority of such 
lesions are treated with SES. In particular, we had no EES cases 
available for >36-month follow-up OCT with long-term clinical fol-
low-up. Therefore, we consider that long-term follow-up OCT data 
will be necessary to clarify the long-term incidence of NA progres-
sion in DES-treated lesions, especially those treated with PES and 
EES. A sufficiently powered clinical study with a homogeneous fol-
low-up period should be performed to address more adequately the 
true impact of NA on future clinical events.

Conclusions
In this OCT study, patients with NA had a significantly higher 
incidence of future cardiac death, TLR, stent thrombosis (defi-
nite/probable), and MACE during the follow-up period (mean 
50.9±27.7 months) after stenting. Patients with NA had 3.5 times 
the risk of TLR and 3.4 times the risk of MACE during the fol-
low-up period, thus supporting the concept that NA can be one 
of the primary mechanisms of late stent failure. Considering that 
higher LDL cholesterol and CRP levels at follow-up were inde-
pendent determinants of NA progression, it might be necessary for 
patients with coronary stents to be treated with optimal medical 
therapy including statins. A large-scale, randomised study will be 

warranted to elucidate whether early detection of NA and second-
ary prevention, especially with statin therapy, could be beneficial 
to improve the long-term outcome after coronary stenting.

Impact on daily practice
The presence of NA was independently associated with increased 
incidences of cardiac death, target lesion revascularisation, very 
late stent thrombosis, and MACE >1 year after stent placement, 
suggesting the need for careful clinical follow-up of patients 
with NA.
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Supplementary data
Appendix Table 1. Univariate and multivariate logistic regression 
analysis for determinants of neoatherosclerosis in lesions.
Appendix Table 2. Baseline lesion characteristics and incidence of 
neoatherosclerosis stratified by duration of stent implantation by 
using OCT examination.
Moving image 1. A 69-year-old man who received sirolimus-
eluting stent (SES) implantation (3.5*23 mm) in the proximal 
right coronary artery underwent follow-up coronary angiography 
(CAG) and optical coherence tomography (OCT) four years after 
stent implantation. His LDL cholesterol and C-reactive protein 
levels were 102 mg/dL and 0.08 mg/dL, respectively. This OCT 
image shows neoatherosclerosis in the SES (Moving image 1A). 
Four years later, he underwent follow-up CAG because he felt 
chest discomfort from exertion. This CAG image shows stent 
occlusion in SES (Moving image 1B). We performed percutaneous 
coronary intervention for the lesion, and obtained the OCT image 
after coronary aspiration thrombectomy (Moving image 1C). This 
moving image shows neointima hyperplasia and thrombus in the 
stented segment, where neoatherosclerosis might exist.

The supplementary data are published online at: 
http://www.pcronline.com/
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