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Background-—Peri-stent contrast staining (PSS) after metallic drug-eluting stent deployment is associated with target lesion
revascularization and very late stent thrombosis. However, the type of PSS that influences the clinical outcomes is unknown.
Therefore, we aimed to reveal which PSS type was influencing clinical outcomes.

Methods and Results-—This study included 5580 de novo lesions of 4405 patients who were implanted with a first- or second-
generation drug-eluting stent and who were evaluated using follow-up angiography within 12 months after stent implantation. We
compared the clinical outcomes of patients divided into focal PSS and segmental PSS groups for 6 years after stent implantation.
Total PSS was observed in 97 lesions (2.2%), of which 42 and 55 lesions were focal and segmental PSS, respectively. Baseline
characteristics were similar between groups, except for intraoperative chronic total occlusion (segmental PSS=47.3% versus focal
PSS=11.9%, P=0.0001). The incidence of segmental PSS tended to be higher in patients with a first-generation drug-eluting stent
(83.6% versus 16.4%, P=0.05). The cumulative incidence of stent thrombosis in the 6 years of segmental PSS group was
significantly higher than that of the focal PSS group (13.9% versus 0%, P=0.04). The cumulative incidence of overall target lesion
revascularization for restenosis, excluding target lesion revascularization procedures for stent thrombosis, was significantly higher
in the segmental PSS group (38.0% versus 0%, P=0.01).

Conclusions-—The incidence of segmental PSS tended to be higher in patients with a first-generation drug-eluting stent and
appeared to be significantly associated with target lesion revascularization and stent thrombosis. ( J Am Heart Assoc. 2016;5:
e002878 doi: 10.1161/JAHA.115.002878)
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S tent thrombosis (ST) is one of the most serious compli-
cations of percutaneous coronary intervention in clinical

practice. Very late-stent thrombosis (VLST) has been reported
as continuing to occur until 3 to 4 years of follow-up without
any signs of attenuation of its incidence.1–4 Peri-stent contrast
staining (PSS)—contrast staining outside of stent struts after
metallic drug-eluting stent (DES) implantation—occurs at

low frequency. However, PSS that occurs after sirolimus-
eluting stent (SES) implantation is associated with increased
risks of in-stent restenosis and VLST.5

This study showed the potential relevance to PSS and
VLST, and another study revealed correlation between PSS
and VLST.6 These studies did not show the solution if we
found PSS accidentally. Some studies concluded that contin-
uation of dual antiplatelet therapy (DAPT) seemed not to be an
effective treatment to prevent VLST.7,8 Although an effective
treatment was important, risk stratification of PSS was also
important to prevent cardiac adverse events.

In the first-generation DES era, PSS might cause in-stent
restenosis and VLST.5,6,8 In the second-generation DES era,
the incidence of PSS after everolimus-eluting stent (EES)
implantation is less than after SES implantation.7 We reported
that PSS after second-generation DES implantation was
associated with subsequent target-lesion revascularization
(TLR) but VLST was not observed.9

To date, there were 4 PSS types,5 but the type of PSS after
metallic DES implantation that causes in-stent restenosis or
VLST is unknown. To fill this gap in our knowledge, the goal of
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the present study was to identify which type of PSS after
metallic DES implantation affected its clinical outcomes.

Methods

Study Design and Patients
From April 2007 to February 2013, 4405 patients (5580
lesions) underwent percutaneous coronary intervention using
metallic DES implantation at Saiseikai Yokohama City Eastern
Hospital. The stents used were as follows: SES (Cypher�,
Cypher select�), paclitaxel-eluting stent (PES: taxus�, taxus
element�), EES (Xience�, Xience V�, Xience Prime�, Pro-
mus�, and Promus element�), zotarolimus-eluting stents
(ZES; Endeavor�, Endeavor Sprint�, and Resolute integrity�),
and biolimus-eluting stent (BES; Nobori�). First-generation
DESs were defined as SES or PES, and second-generation
DESs were defined as an EES, ZES, or BES.

Of the 4405 patients, 938 patients (1180 lesions) were
excluded because of a lack of follow-up angiography. The
remaining 3467 patients (78.9%, 4400 lesions) underwent
follow-up angiography within 12 months after stent implan-
tation regardless of their symptoms. Based on angiographic
findings at follow-up, the patients were divided into a focal
PSS or segmental PSS group (Figure 1). We compared the
patient characteristics in each group, including lesions,
procedures, and clinical outcomes (cumulative incidence of
TLR and ST 6 years after stent implantation). The recom-
mended antiplatelet regimen after DES implantation was
aspirin (100 mg daily, indefinitely) and thienopyridine
(200 mg ticlopidine or 75 mg clopidogrel daily) for at least
3 months. The duration of DAPT was determined by each
attending physician. Stringent adherence to continued DAPT
was recommended when PSS was detected using follow-up
angiography.

This study was an investigator-driven initiative. The study
protocol was approved by the Institutional Review Board of
Saiseikai Yokohama City Eastern Hospital. Because of the
retrospective enrollment, the requirement for obtaining writ-
ten informed consent from patients was waived.

Follow-up information until September 2015 was collected
either from regular hospital consultation or by contacting
patients and/or referring physicians.

Qualitative and Quantitative Angiographic
Analyses
Lesions were defined as areas covered by single or multiple
overlapping stents. When 2 stents were placed without
overlap, these 2 areas were regarded as 2 separate lesions.
Lesion complexity was classified according to the criteria
of the American Heart Association/American College of

Cardiology.10 Quantitative angiographic analysis was per-
formed through the in-stent segment and adjacent proximal
and distal 5-mm vessel segments. Quantitative measurements
included reference-vessel diameter, minimal luminal diameter,
percentage stenosis diameter, and lesion length. Restenosis
was defined as 50% of the diameter of the stenosis at follow-
up. To confirm the diagnosis of PSS, 2 experienced interven-
tional cardiologists who were uninformed of the clinical and
procedural data independently analyzed the angiograms.
Statistical analysis evaluated the extent of diagnostic agree-
ment to determine inter- and intraobserver variability.11

Disagreements were resolved according to the decision of a
third observer, and the final diagnosis of PSS was made
according to the consensus judgment.

Definition and Morphological Classification of
Peri-Stent Contrast Staining
PSS was measured using quantitative coronary angiography
and was defined as contrast-staining outside the stent
contour, extending to >20% of the stent diameter. PSS was
classified according to a published classification system1 into
the morphological groups as follows: monofocal, multifocal,
segmental with irregular contour, and segmental with smooth

Focal PSS group 
42 lesions

(37 patients)

5580 de novo lesions  (4405 patients) were treated 
with First- or Second- generation DES 

Segmental PSS group
55 lesions

(34 patients)

7419 lesions (5829 patients) were implanted with BMS or DES

Follow-up angiography was performed on 4400 
lesions  (3467 patients) within 12 month

Late acquired PSS was observed in 97 lesions  (71 patients)

No follow-up angiography  
1180 lesions (938 patients)

In-stent restenosis in 1445 lesions (1095 patients)
Cardiopulmonary arrest  in 40 lesions (25 patients) 
Stent thrombosis in 67 lesions (38 patients)
BMS deployment  in 287 lesions (266 patients)

Figure 1. Study flow chart. BMS indicates bare metal stent; DES,
drug-eluting stent; PSS, peri-stent contrast staining
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contour (Figure 2). The focal PSS group included patients with
monofocal or multifocal PSS, and the segmental PSS group
included patients with irregular and smooth-contour PSS.

Definition of Stent Fracture, Target-Lesion
Revascularization, and Stent Thrombosis
Stent fracture was defined as complete or partial separation
of stent segments observed using fluoroscopy without
contrast upon follow-up angiography.12,13 A clinically driven
TLR was defined as re-intervention of the target lesion due to
presence of a symptomatic >50% diameter stenosis during
follow-up. Overall TLR was defined as a clinically driven TLR or

a >70% diameter stenosis upon follow-up angiography in the
presence of signs of myocardial ischemia. The timing and
diagnostic accuracy of ST were assessed according to the
definition of the Academic Research Consortium.14

Statistical Analysis
Statistical analysis was performed using JMP version 10.0.2
(SAS Institute Inc, Cary, NC). Data are presented as values
and percentages, mean� SD, or median (interquartile range).
Categorical variables were compared between groups using
the v2 or Fisher’s exact tests, as appropriate. Continuous
variables were compared between groups using the Student

Classification of PSS Morphology Definition

Focal
PSS

Segmental 
PSS

PSS width ≦ Stent diameter

PSS width ≧ Stent diameter

Monofocal

Multifocal

Irregular-contour

Smooth-contour

Single focal PSS 
at the stented 
segment

Multi focal 
PSS at the 
stented 
segment

Segmental 
PSS with 
irregular 
contour

Segmental 
PSS with 
smooth 
contour

PSS width

PSS width

Figure 2. Definition and morphological classification of PSS. PSS indicates peri-stent contrast staining.
Modified Imai PSS classification.5

DOI: 10.1161/JAHA.115.002878 Journal of the American Heart Association 3

Comparison of Lesions With Focal and Segmental PSS Tokuda et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



paired t test or Mann–Whitney test, according to the normality
of data distribution.

Cumulative incidence of overall TLR, clinically driven TLR,
and ST of the focal PSS and segmental PSS was estimated by
using Kaplan–Meier method and the differences were evalu-
ated with the log-rank test. We additionally performed
generalized estimating equations as a sensitivity analysis, to
confirm the association of the PSS type with the prognostic
outcomes. Generalized estimating equations analysis was
performed using R software Program Version 3.1.0 (R
Development Core Team).

All statistical analyses were 2-tailed and P<0.05 was
considered statistically significant. All statistical analyses
were conducted by a physician (T. Tokuda) and by an
independent statistician (M. Takahara).

Inter- and Intraobserver Variability of the
Diagnosis of Peri-Stent Contrast Staining
For the interobserver variability analysis, PSS was judged to
be present by the first observer, but not by the second
observer in 5 lesions. For the intraobserver variability
analysis, PSS was judged to be present at the initial
evaluation, but not at the second evaluation in 3 lesions.
Values for inter- and intraobserver variability were 0.97 and
0.98, respectively, suggesting an almost perfect degree of
agreement.

Results

Patients’ Characteristics
Patients’ baseline characteristics are shown in Table 1. There
were no significant differences between the focal and
segmental PSS groups, except for prior coronary artery
bypass graft (focal PSS=0% versus segmental PSS=11.8%,
P=0.01). The duration of DAPT was not significantly different
between groups (1357�121 days versus 1436�142 days,
P=0.68). In contrast, the lesions and procedural characteris-
tics significantly differed between groups (Table 2). For
example, chronic total occlusion (CTO) at the time of
treatment was more frequent in the segmental PSS group
(47.3% versus 11.9%, P=0.0001). The minimum lumen diam-
eter was smaller, the percentage-diameter stenosis was
larger, and lesions were significantly longer in the segmental
PSS group (0.62�0.63 mm versus 0.98�0.62 mm, P=0.008;
80.7�20.2% versus 67.2�18.7%, P=0.001; 31.5�14.4 mm
versus 21.9�10.0 mm, P=0.0004). Stent diameters and
lengths were greater in the segmental PSS group (Table 2).
There was no significant difference between stent types.
However, segmental PSS was more frequent in patients with a
first-generation DES (83.6% versus 16.4%, P=0.05).

Clinical Outcomes
The average follow-up period was 1680�698 days. Subse-
quent TLR was performed to treat 4 (9.5%) and 21 lesions
(38.2%) in the focal PSS and segmental PSS groups,
respectively. The cumulative incidence of subsequent TLR
was significantly higher for the segmental PSS group (45.5%
versus 9.5% at 6 years, P=0.002) (Figure 3A). The cumulative
incidence of TLR, excluding TLR procedures for ST, was
significantly higher for the segmental PSS group (38.0%
versus 0.0%, P=0.01) (Figure 3B) and cumulative incidence of
symptomatic TLR was also significantly higher for the
segmental PSS group (15.6% versus 0.0%, P=0.02) (Fig-
ure 3C). Subsequent ST occurred in 4 patients in the
segmental PSS group, and we did not detect ST in the focal
PSS group. Of the ST patients, 3 patients and the remaining 1
patient were VLST and late ST, respectively. Late stent
thrombosis in 1 patient was caused by the cessation of DAPT.
The cumulative incidence of ST was significantly higher in the
segmental PSS group (13.9% versus 0% at 6 years, P=0.04)
(Figure 4). Representative angiograms of a patient with VLST
with segmental PSS are shown in Figure 5.

We additionally adopted a generalized estimating equa-
tions approach to confirm the association of the PSS type
with the prognostic outcomes. Consequently, the hazard ratio
of the segmental versus focal PSS was calculated to be 4.5
(95% CI: 1.6–12.5, P=0.004) for all TLR including stent
thrombosis, and 3.3 (95% CI: 1.1–9.5, P=0.025) for all TLR

Table 1. Patient Characteristics

Focal PSS Segmental PSS P Value

Number of patients 37 34

Age, y 71.0�10.5 69.0�9.7 0.42

Male, n (%) 29 (78.4) 30 (88.2) 0.26

Hypertension, n (%) 28 (75.7) 27 (79.4) 0.71

Diabetes mellitus, n (%) 9 (24.3) 13 (38.2) 0.20

Dyslipidemia, n (%) 24 (64.9) 19 (55.9) 0.44

Current smoking, n (%) 3 (8.1) 8 (23.5) 0.07

Dialysis, n (%) 4 (10.8) 3 (8.8) 0.78

Cerebrovascular
disease, n (%)

2 (5.4) 2 (5.9) 0.93

Prior MI, n (%) 8 (21.6) 10 (29.4) 0.45

Prior CABG, n (%) 0 (0) 4 (11.8) 0.01

Acute coronary syndrome 3 (8.1%) 1 (2.9%) 0.33

Ejection fraction <30% 0 (0%) 0 (0%) –

DAPT duration, days 1357�121 1436�142 0.68

Continuous data are presented as the mean�SD; categorical data are shown as counts
(percentage). Categorical variables were compared using v2 and continuous variables
were compared using t test. CABG indicates coronary artery bypass grafting; DAPT, dual
antiplatelet therapy; MI, myocardial infarction; PSS, peri-stent staining.
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excluding stent thrombosis, indicating that the segmental PSS
was significantly associated with TLR, even after taking the
within-subject correlation into account (Figure 6). The hazard
ratio for clinically driven TLR and ST could not be estimated
since neither of these events were observed in the focal PSS
group.

Discussion
The major findings of the present study are as follows: (1)
Lesions with segmental PSS were more common in patients
with CTO lesions and after implantation of a first-generation
DES, and (2) Lesions with segmental PSS were associated

with a higher rate of subsequent TLR and ST after 6 years
than lesions with focal PSS. CTO is one of the independent
predictors of PSS, and the cumulative incidence of VLST is
significantly higher in lesions with PSS after SES implanta-
tion.5,8 Some studies identified the mechanism that causes
lesions with PSS.15–17 However, devising a treatment for
lesions with PSS remains an unsolved problem, partly because
PSS occurs at a low frequency. Thus, lesions with PSS that
may cause ST should be stratified to prevent major adverse
events. This is the first report to our knowledge that
compared lesions with focal PSS and segmental PSS
during a 6-year follow-up of clinical outcomes after stent
implantation.

Table 2. Types of Lesions and Procedures

Focal PSS Segmental PSS P Value

Lesion number, n 42 55

LMT, n (%) 1 (2.4) 2 (3.6) 0.98

LAD, n (%) 15 (35.7) 18 (32.7)

LCX, n (%) 4 (9.5) 5 (9.1)

RCA, n (%) 22 (52.8) 30 (54.6)

Ostial lesion, n (%) 6 (14.3) 10 (18.2) 0.61

Bifurcation lesion, n (%) 8 (19.1) 5 (9.1) 0.16

Severe calcification, n (%) 7 (16.7) 12 (21.8) 0.52

Severely angulated, n (%) (<90°) 3 (7.1) 4 (7.3) 0.98

CTO, n (%) 5 (11.9) 26 (47.3) <0.01

Stent fracture, n (%) 6 (14.3) 10 (18.2) 0.61

Reference vessel diameter, mm 2.88�0.80 2.70�0.90 0.31

Minimum lumen diameter pre/postprocedure, mm 0.98�0.62/2.74�0.56 0.62�0.63/2.75�0.60 <0.01/0.94

% Diameter stenosis pre/postprocedure (%) 67.2�18.7/9.7�8.8 80.7�20.2/10.2�9.6 <0.01/0.81

Lesion length, mm 21.1�7.0 24.6�6.4 0.01

Stent diameter, mm 3.19�0.37 2.97�0.40 <0.01

Stent length, mm 24.9�8.0 31.5�7.5 <0.01

Number of implanted stents 1.32�0.56 1.45�0.60 0.31

Postdilation (%) 33 (78.6%) 48 (87.3%) 0.25

Implanted stent type

EES (%) 10 (23.8%) 5 (9.1%) 0.17

ZES (%) 3 (7.1%) 1 (1.8%)

BES (%) 1 (2.4%) 3 (5.7%)

SES (%) 19 (45.2%) 31 (56.4%)

PES (%) 9 (21.4%) 15 (27.2%)

1st generation DES 28 (66.7%) 46 (83.6%) 0.05

2nd generation DES 14 (33.3%) 9 (16.4%)

Lesion distribution and implanted stent type were compared using Fisher’s exact test and the other categorical variables were compared using v2 and continuous variables were compared
using t test. Continuous data are presented as the means�SD; categorical data are given as the counts (percentage). BES indicates biolimus-eluting stent; CTO, chronic total occlusion;
DES, drug-eluting stent; EES, everolimus-eluting stent; LAD, left ascending coronary artery; LCX, left circumflex coronary artery; LMT, left main trunk; PES, paclitaxel-eluting stent; PSS, peri-
stent staining; RCA, right coronary artery; SES, sirolimus-eluting stent; ZES, zotarolimus-eluting stent.
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Characteristics of Lesions With PSS
CTO is a risk factor for PSS5,8 and consistent with the findings
of the present study because longer lesions with CTO were
more frequent in patients with segmental PSS. Furthermore,
uncovered struts, malapposed struts, and red thrombus are
frequently observed in lesions with PSS.15 Moreover, incom-
plete stent apposition (ISA) occurs at a PSS site.18,19 These
results suggest that the range of frequencies of uncovered or

malapposed struts are observed more often in lesions with
segmental PSS than in lesions with focal PSS.

In this second generation of the DES era, lesions with focal
PSS are frequently observed. For example, acute ISA
decreases in patients with a second-generation DES
compared with those with a first-generation DES.20

The rate of PSS after EES implantation is lower than that
after SES implantation, and the incidence of PSS after EES
implantation is 1.2%.7 One reason to account for the lower

B

A

Figure 3. Cumulative incidence of overall TLR including those TLR procedures for stent thrombosis (A),
overall TLR excluding those TLR procedures for stent thrombosis (B). Cumulative incidence of
symptomatic TLR (C). PSS indicates peri-stent contrast staining; TLR, target lesion revascularization
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incidence of segmental PSS after second-generation DES
implantation compared with a first-generation DES is a
reduced reactive response in the coronary arteries to the
second-generation DES. The thinner stent struts of a second-
generation DES may be less likely to cause chronic inflam-
mation. Thus, segmental PSS was observed less frequently in
patients with a second-generation DES associated with PSS.

Prognosis of Lesions With Segmental PSS
In the present study, the cumulative incidence of TLR,
excluding TLR procedures for treating ST, was significantly
higher in association with segmental PSS than that previ-
ously reported.5,8 As mentioned above, uncovered or
malapposed struts leading to incomplete endothelial cover-
age and neoatherosclerosis are frequently observed in
lesions with PSS.15,21 Because the width of PSS is greater
in a segmental PSS than in a focal PSS, we suggest that
uncovered or malapposed struts may be frequently observed
in lesions with segmental PSS. This explains why lesions with
segmental PSS are more likely to develop neoatherosclerosis
as well as in-stent restenosis compared with lesions with
focal PSS.

In the present study, the cumulative incidence of TLR was
higher in the segmental PSS group than in the focal PSS group

C

Figure 3. continued

Figure 4. Cumulative incidence of ST after DES deployment.
DES indicates drug-eluting stent; PSS, peri-stent contrast staining;
ST, stent thrombosis.
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because lesions with focal PSS are likely to have fewer
uncovered struts and ISA than those with segmental PSS.
Lesions with segmental PSS may have more malapposed
struts compared with those with focal PSS, which causes a
high shear-flow disturbance and the formation of more
thrombi.22 This might explain the mechanism of thrombus
formation and ST in lesions with segmental PSS. Moreover,
evidence indicates that an abnormal vascular response
associated with inflammation may be prolonged at the PSS
site. Thus, segmental PSS incurs a high risk for ST when flow
disturbances are related to anatomical structures.

We detected one late stent thrombosis patient and 3 VLST
patients. The cessation of DAPT caused late stent thrombosis;
however, we were unable to determine the cause of VLST. A
previous study indicated that PSS contributes to the mech-
anism of VLST.6 The frequencies of TLR and ST do not
increase in lesions with PSS after treatment for acute
myocardial infarction;17 however, these results are not
relevant to those of the present study because the target
lesions studied here included those caused by acute coronary
syndrome as well as de novo lesions associated with acute
coronary syndrome–induced lesions.

An effective treatment for lesions with PSS is not available
at this time. The continuous administration of DAPT decreases
the risk of ST23,24; however, this cannot be generalized to the
decrease of ST for lesions with PSS because there was not a
significant difference in the duration of DAPT between the 2
groups. The implantation Endeavor ZES to treat VLST
associated with ISA is useful25 and may provide effective
treatment for lesions with segmental PSS because of full
neointimal proliferation after Endeavor ZES implantation at
the ISA site. However, we focused here on identifying the type
of PSS that confers high risk for developing VLST. If
segmental PSS is incidentally detected, our findings indicate
that constant follow-up is mandatory to facilitate early
identification of ischemia at the site of PSS, and DAPT
continuation might not be an effective therapy. If segmental
PSS increases gradually with repeat angiography, that is one
of the risk factors for VLST and full neointimal proliferation
might be needed with percutaneous coronary intervention for
the site of segmental PSS to prevent VLST. Further studies are
required to better understand the mechanisms, treatment
options, and clinical course of PSS.

Clinical Implications
Segmental PSS seemed to be related to TLR and VLST in this
study. To prevent in-stent restenosis, constant follow-up is
mandatory if segmental PSS is incidentally detected. DAPT
therapy itself might not be effective to prevent VLST. If

pre PCI post PCI

 follow up a�er 8 months   VLST a�er 19 months

A B

C D

Figure 5. Representative case of PSS with very late-stent
thrombosis (VLST). A, A 61-year-old man presented with effort
angina. B, SES was placed in the left ascending coronary artery
chronic total occlusion site. C, Segmental PSS was found by
follow-up angiography at 8 months. D, VLST had occurred at
19 months after SES deployment. PCI indicates percutaneous
coronary intervention; PSS, peri-stent contrast staining; SES,
sirolimus-eluting stent.

Figure 6. Adjusted 6-year outcomes of TLR comparing Focal PSS vs Segmental PSS. HR indicates hazard
ratio; PSS, peri-stent contrast staining; ST, stent thrombosis; TLR, target lesion revascularization.

DOI: 10.1161/JAHA.115.002878 Journal of the American Heart Association 8

Comparison of Lesions With Focal and Segmental PSS Tokuda et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



segmental PSS increases gradually with repeat angiography,
Endeavor ZES implantation might lead to full neointimal
proliferation at the site of PSS, which prevents occurrence of
VLST.

Study Limitations
There are several limitations to the present study. First, this
was a single-center study, and follow-up angiography was not
performed for all patients. Therefore, selection bias may exist
and may have biased the conclusions. Second, the number of
patients with PSS was insufficient to investigate the correla-
tion between segmental PSS and clinical outcomes. The
actual incidences and risk factors for ST and TLR after the
diagnosis of PSS require the evaluation of a larger number of
patients that must be subjected to longer follow-up.

Conclusions
The frequency of segmental PSS tended to be higher in
patients with CTO, after patients were implanted with a first-
generation DES, and appeared to be significantly associated
with TLR and ST.

Acknowledgments
The authors thank Yuri Sato, Takuya Masaki, Yuki Yamada, Kazuki
Shimada, Syunsuke Sasaoka, and Makoto Kawasaki for assistance
with this work.

Disclosures
None.

References
1. Daemen J, Wenaweser P, Tsuchida K, Abrecht L, Vaina S, Morger C, Kukreja N,

Juni P, Sianos G, Hellige G, van Domburg RT, Hess OM, Boersma E, Meier B,
Windecker S, Serruys PW. Early and late coronary stent thrombosis of
sirolimus-eluting and paclitaxel-eluting stents in routine clinical practice: data
from a large two-institutional cohort study. Lancet. 2007;369:667–678.

2. Wenaweser P, Daemen J, Zwahlen M, van Domburg R, Juni P, Vaina S, Hellige
G, Tsuchida K, Morger C, Boersma E, Kukreja N, Meier B, Serruys PW,
Windecker S. Incidence and correlates of drug-eluting stent thrombosis in
routine clinical practice. 4-year results from a large 2-institutional cohort
study. J Am Coll Cardiol. 2008;52:1134–1140.

3. Kimura T, Isshiki T, Hayashi Y, Oshima S, Namura M, Nakashima H, Kawai K,
Sone T, Tatami R, Meguro T, Nobuyoshi M, Mitsudo K. Incidence and outcome
of surgical procedures after sirolimus-eluting stent implantation: a report from
the j-Cypher registry. Cardiovasc Interv Ther. 2010;25:29–39.

4. de la Torre-Hernandez JM, Alfonso F, Hernandez F, Elizaga J, Sanmartin M,
Pinar E, Lozano I, Vazquez JM, Botas J, Perez de Prado A, Hernandez JM,
Sanchis J, Nodar JM, Gomez-Jaume A, Larman M, Diarte JA, Rodriguez-Collado
J, Rumoroso JR, Lopez-Minguez JR, Mauri J. Drug-eluting stent thrombosis:
results from the multicenter Spanish registry ESTROFA (Estudio ESpanol sobre
TROmbosis de stents FArmacoactivos). J Am Coll Cardiol. 2008;51:986–990.

5. Imai M, Kadota K, Goto T, Fujii S, Yamamoto H, Fuku Y, Hosogi S, Hirono A,
Tanaka H, Tada T, Morimoto T, Shiomi H, Kozuma K, Inoue K, Suzuki N, Kimura
T, Mitsudo K. Incidence, risk factors, and clinical sequelae of angiographic peri-

stent contrast staining after sirolimus-eluting stent implantation. Circulation.
2011;123:2382–2391.

6. Kozuma K, Kimura T, Suzuki N, Miyazawa A, Waseda K, Honda Y, Morimoto T,
Aizawa T, Mitsudo K, Miyazaki S, Yamaguchi T, Isshiki T. Peri-stent contrast
staining and very late stent thrombosis after sirolimus-eluting stent implanta-
tion: an observation from the RESTART (REgistry of Stent Thrombosis for review
And Re-evaluaTion) angiographic substudy. EuroIntervention. 2013;9:831–840.

7. Fujiwara T, Sakakura K, Ako J, Wada H, Arao K, Sugawara Y, Momomura S.
Occurrence of late acquired peri-stent contrast staining comparison between
sirolimus eluting stent and everolimus eluting stent. Int Heart J. 2012;53:165–
169.

8. Imai M, Kimura T, Morimoto T, Saito N, Shiomi H, Kawaguchi R, Kan H,
Mukawa H, Fujita H, Ishise T, Hayashi F, Nagao K, Take S, Taniguchi H,
Sakamoto H, Yamane T, Shirota K, Tamekiyo H, Okamura T, Kishi K, Miyazaki
S, Yamamoto S, Yamaji K, Kawasaki T, Taguchi E, Nakajima H, Kosedo I, Tada
T, Kadota K, Mitsudo K. Impact of angiographic peri-stent contrast staining
(PSS) on late adverse events after sirolimus-eluting stent implantation: an
observation from the multicenter j-Cypher registry PSS substudy. Cardiovasc
Interv Ther. 2014;29:226–236.

9. Tokuda T, Yamawaki M, Mori S, Takimura H, Samamoto Y, Kobayashi N, Araki
M, Hirano K, Ito Y. Risk factors and clinical impacts of peri-stent contrast
staining after second-generation drug-eluting stent implantation. J Interv
Cardiol. 2016;30:167–176.

10. Ellis SG, Vandormael MG, Cowley MJ, DiSciascio G, Deligonul U, Topol EJ, Bulle
TM. Coronary morphologic and clinical determinants of procedural outcome
with angioplasty for multivessel coronary disease: implications for patient
selection. Multivessel Angioplasty Prognosis Study Group. Circulation.
1990;82:1193–1202.

11. Viera AJ, Garrett JM. Understanding interobserver agreement: the kappa
statistic. Fam Med. 2005;37:360–363.

12. Kuramitsu S, Iwabuchi M, Haraguchi T, Domei T, Nagae A, Hyodo M, Yamaji K,
Soga Y, Arita T, Shirai S, Kondo K, Ando K, Sakai K, Goya M, Takabatake Y,
Sonoda S, Yokoi H, Toyota F, Nosaka H, Nobuyoshi M. Incidence and clinical
impact of stent fracture after everolimus-eluting stent implantation. Circ
Cardiovasc Interv. 2012;5:663–671.

13. Kuramitsu S, Iwabuchi M, Yokoi H, Domei T, Sonoda S, Hiromasa T, Morinaga
T, Kobayashi Y, Ohe K, Goya K, Yamaji K, Hyodo M, Soga Y, Kondo K, Shirai S,
Ando K, Sakai K, Nobuyoshi M. Incidence and clinical impact of stent fracture
after the Nobori biolimus-eluting stent implantation. J Am Heart Assoc. 2014;3:
e000703 doi: 10.1161/JAHA.113.000703.

14. Mauri L, Hsieh WH, Massaro JM, Ho KK, D’Agostino R, Cutlip DE. Stent
thrombosis in randomized clinical trials of drug-eluting stents. N Engl J Med.
2007;356:1020–1029.

15. Tada T, Kadota K, Hosogi S, Kubo S, Ozaki M, Yoshino M, Miyake K, Eguchi H,
Ohashi N, Hayakawa Y, Saito N, Otsuru S, Hasegawa D, Shigemoto Y, Habara
S, Imai M, Tanaka H, Fuku Y, Oka N, Kato H, Yamamoto H, Fujii S, Goto T,
Mitsudo K. Optical coherence tomography findings in lesions after sirolimus-
eluting stent implantation with peri-stent contrast staining. Circ Cardiovasc
Interv. 2012;5:649–656.

16. Ishihara T, Awata M, Fujita M, Watanabe T, Iida O, Ishida Y, Nanto S, Uematsu
M. Angioscopic assessment of peri-stent contrast staining following drug-
eluting stent implantation. Circ J. 2014;78:122–127.

17. Yakushiji T, Inaba S, Maehara A, Brener SJ, Witzenbichler B, Guagliumi G,
Brodie BR, Kellett MA Jr, Xu K, Mehran R, Mintz GS, Stone GW. Frequency,
mechanisms, and implications of late peri-stent contrast staining: analysis
(from the HORIZONS-AMI Trial). Am J Cardiol. 2013;111:1587–1592.

18. Takashima H, Sakurai S, Waseda K, Kurita A, Ando H, Kumagai S, Amano T.
Very late acquired peri-stent contrast staining and incomplete stent apposition
with biodegradable polymer stents: insight from optical coherence tomogra-
phy. Int J Cardiol. 2014;176:e11–e12.

19. Antonsen L, Thayssen P, Jensen LO. Peri-stent contrast staining, major
evaginations and severe malapposition after biolimus-eluting stent implanta-
tion: a case report based on coronary optical frequency domain imaging.
Cardiovasc Revasc Med. 2014;15:424–427.

20. Shimamura K, Kubo T, Akasaka T, Kozuma K, Kimura K, Kawamura M,
Sumiyoshi T, Ino Y, Yoshiyama M, Sonoda S, Igarashi K, Miyazawa A, Uzui H,
Sakanoue Y, Shinke T, Morino Y, Tanabe K, Kadota K, Kimura T. Outcomes of
everolimus-eluting stent incomplete stent apposition: a serial optical
coherence tomography analysis. Eur Heart J Cardiovasc Imaging. 2015;16:
23–28.

21. Park SJ, Kang SJ, Virmani R, Nakano M, Ueda Y. In-stent neoatherosclerosis: a
final common pathway of late stent failure. J Am Coll Cardiol. 2012;59:2051–
2057.

22. Foin N, Gutierrez-Chico JL, Nakatani S, Torii R, Bourantas CV, Sen S, Nijjer S,
Petraco R, Kousera C, Ghione M, Onuma Y, Garcia-Garcia HM, Francis DP,

DOI: 10.1161/JAHA.115.002878 Journal of the American Heart Association 9

Comparison of Lesions With Focal and Segmental PSS Tokuda et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

info:doi/10.1161/JAHA.113.000703


Wong P, Di Mario C, Davies JE, Serruys PW. Incomplete stent apposition
causes high shear flow disturbances and delay in neointimal coverage as a
function of strut to wall detachment distance: implications for the
management of incomplete stent apposition. Circ Cardiovasc Interv. 2014;
7:180–189.

23. Navarese EP, Andreotti F, Schulze V, Kołodziejczak M, Buffon A, Brouwer M,
Costa F, Kowalewski M, Parati G, Lip GY, Kelm M, Valgimigli M. Optimal
duration of dual antiplatelet therapy after percutaneous coronary intervention
with drug eluting stents: meta-analysis of randomised controlled trials. BMJ.
2015;350:h1618.

24. Mauri L, Kereiakes DJ, Yeh RW, Driscoll-Shempp P, Cutlip DE, Steg PG, Normand
SL, Braunwald E, Wiviott SD, Cohen DJ, Holmes DR Jr, Krucoff MW, Hermiller J,
Dauerman HL, Simon DI, Kandzari DE, Garratt KN, Lee DP, Pow TK, Ver Lee P,
Rinaldi MJ, Massaro JM; DAPT Study Investigators. Twelve or 30 months of dual
antiplatelet therapyafter drug-elutingstents.NEngl JMed. 2014;371:2155–2166.

25. Kakefuda Y, Sato A, Watabe H, Aihara H, Nishina H, Noguchi Y, Hoshi T,
Aonuma K. Efficacy of Endeavor zotarolimus-eluting stent implantation for the
treatment of very late stent thrombosis with late-acquired incomplete stent
apposition after sirolimus-eluting stent implantation. Heart Vessels. 2015; doi:
10.1007/s00380-015-0720-y.

DOI: 10.1161/JAHA.115.002878 Journal of the American Heart Association 10

Comparison of Lesions With Focal and Segmental PSS Tokuda et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

info:doi/10.1007/s00380-015-0720-y

