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Abstract
Background: The relationship between in-stent calcified nodules (IS-CN) and second-generation drug-
eluting stent (G2-DES) stent thrombosis (ST) remains uncertain.
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Aims: We aimed to evaluate the prevalence, clinical demographic and long-term clinical outcomes after
G2-DES ST with IS-CN.

Methods: The prespecified substudy of the REAL-ST registry (a retrospective, multicentre registry of
patients with definite ST after first- and G2-DES implantation) enrolled patients who experienced definite
G2-DES ST and who underwent pre-intervention intravascular ultrasound imaging at index ST events.
Results: IS-CN was observed in 15 out of 118 (13%) definite G2-DES ST cases. The multiple logistic
regression model demonstrated that haemodialysis (odds ratio [OR] 12.27, 95% confidence interval [CI]:
1.56-94.54; p=0.02), proximal or mid-right coronary artery lesions (OR 12.79, 95% CI: 1.78-92.13; p=0.01)
and severe calcification (OR 13.01, 95% CI: 1.18-142.94; p=0.04) were independently associated with ST
with IS-CN. The cumulative 5-year incidence of target lesion revascularisation (TLR) after ST was signifi-
cantly higher in the IS-CN group than in the non-IS-CN group (p=0.02). Independent predictors of TLR
after the index ST events were female sex (hazard ratio [HR] 3.05, 95% CI: 1.20-7.74; p=0.02), diabetes
mellitus (HR 3.26, 95% CI: 1.26-8.41; p=0.01) and IS-CN (HR 3.07, 95% CI: 1.16-8.14; p=0.02).
Conclusions: IS-CN may be one of the underlying mechanisms of G2-DES ST. Notably, IS-CN was asso-
ciated with a higher TLR rate after the index ST events, suggesting the need for careful clinical follow-up
of ST patients with IS-CN.
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Abbreviations

Al asymmetry index

cl confidence intervals

CN calcified nodule

DES drug-eluting stent

El eccentricity index

G2-DES second-generation drug-eluting stent
HR hazard ratio

IGR interquartile range

IS-CN  in-stent calcified nodule

ISR in-stent restenosis

IVUS intravascular ultrasound

OR odds ratio

PCI percutaneous coronary intervention
ST stent thrombosis

TLR target lesion revascularisation

Introduction

Stent thrombosis (ST) is a serious complication following drug-
eluting stent (DES) implantation'. Although the incidence of ST was
significantly reduced as a new generation of DES have emerged,
a recent Japanese nationwide REAL-ST registry (Retrospective
Multicenter Registry of ST After First- and Second-Generation
DES Implantation) demonstrated that the 1-year mortality after
ST was equivalently high in patients treated with first-generation
(G1-) DES and second-generation (G2-) DES>.

Several risk factors related to patient and lesion background
for ST were identified in previous case-control studies. However,
the mechanism of ST with G2-DES remains poorly understood.
Recently, calcified nodules (CN) have become recognised as an
important contributor to the occurrence of in-stent restenosis (ISR)
and target lesion revascularisation (TLR) after DES implantation®.
However, no previous study has evaluated the mechanistic con-
tribution of CN progression to the occurrence of ST. Thus, we
aimed to evaluate the prevalence, anatomic characteristics, clini-
cal presentations and long-term clinical outcomes associated with

the occurrence of G2-DES ST due to CN by evaluating the intra-
vascular ultrasound (IVUS) data of the patients enrolled in the
REAL-ST registry.

Methods
STUDY DESIGN
This study was a prespecified IVUS substudy of the REAL-ST
registry (UMIN000025181), a retrospective, multicentre registry
of patients with definite ST after G1- and G2-DES implantation
at 46 Japanese percutaneous coronary intervention (PCI) institu-
tions (Supplementary Appendix 1). The study design and main
results are reported elsewhere®. Briefly, we retrospectively enrolled
patients who fulfilled the following criteria: (1) patients who under-
went PCI with DES between April 2004 and December 2016, or
(2) those who had definite ST of DES between April 2004 and
March 2017. A total of 655 patients with ST (G1-DES thrombosis,
n=342; G2-DES thrombosis, n=313) were enrolled. Definite ST was
defined according to the Academic Research Consortium criteria’.
The following patients were included in the IVUS substudy:
1) patients who experienced definite ST of G2-DES, and 2) those
who had pre-intervention IVUS imaging at the time of definite
ST. Patients with insufficient or poor quality IVUS imaging were
excluded from the imaging substudy. In this study, the patients
were divided into 2 groups according to the presence or absence of
in-stent calcified nodules (IS-CN) on IVUS images at the time of
definite ST. In the present study, we defined CN by the following
IVUS features (a) protruding calcification (an echo signal brighter
than the adventitia with acoustic shadowing) with its irregular sur-
face and (b) the presence of calcification at adjacent proximal and
distal segments according to the previously published manuscript®.
An IS-CN was defined as a CN inside a stent (Figure 1), and if
there was at least one IS-CN within the ST lesion, the patient was
included in the IS-CN group. As a subgroup analysis, cases avail-
able for pre-IVUS imaging at index PCI were selected, and the
IVUS images were analysed for the presence or absence of CN
before stent implantation.

" distal

Figure 1. Representative case of an in-stent calcified nodule. Preprocedural 1VUS imaging at late stent thrombosis. Cross-sections of IVUS
shows A to D. Proximal (4) and distal (D) shows thrombus (asterisk) and deep calcification (white arrow). The mid-part (B and C) shows IS-CN
(white arrow), it shows protruding calcification with an irregular surface. IS-CN: in-stent calcified nodule; IVUS: intravascular ultrasound



All IVUS images were analysed by two experienced investiga-
tors (Y. Takahashi and H. Otake), who were blinded to the angio-
graphic data and clinical presentations. When there was discordance
between the observers, a consensus reading was obtained from
another investigator (T. Toba). Interobserver and intra-observer vari-
ability were assessed by the evaluation of all images by 2 independ-
ent observers and by the same observer at 2 separate time points.

The study protocol was approved by the ethics committees of
all the participating centres. The study was conducted in accord-
ance with the Declaration of Helsinki and its amendments. Written
informed consent was waived due to the retrospective study design.

IVUS IMAGING AND ACQUISITION

IVUS procedures were performed in a standard fashion using
an automated, motorised 0.5 or 1.0-mm/s pullback with com-
mercially available imaging systems (Terumo, Boston Scientific
or Phillips-Volcano). Inconsistent IVUS pullback was defined as
IVUS images whose pullback speed was obviously inconsistent,
in the sense that the images were stopping and suddenly restarting
during pullback, thereby resulting in a >25% difference between
the known target stent length and measured IVUS pullback length.
Inconsistent pullback data were only used for qualitative analysis.

ANGIOGRAPHY AND IVUS ANALYSIS

Qualitative and quantitative coronary angiography analyses were
performed independently by 2 experienced observers in an inde-
pendent core laboratory (Kokura Memorial Hospital, Kitakyushu,
Japan) blinded to the clinical information. Quantitative IVUS analy-
sis was performed by an independent IVUS core laboratory (Kobe
Cardiovascular Core Laboratory, Kobe, Japan) using validated plan-
imetry software (EchoPlaque, Indec Systems) for quantitative and
qualitative analyses. Details of [VUS measurement are described in
Supplementary Appendix 2. The extent of stent expansion was eval-
uated using 3 parameters: % stent expansion, stent asymmetry index
(Al), and stent eccentricity index (EI). The % stent expansion was
calculated as the ratio of the minimum stent area (MSA) to the aver-
age reference lumen area’. The AT was calculated per lesion (1—min-
imum stent diameter/maximum stent diameter throughout the entire
stented segment)’. The minimum stent diameter was the minimal
value of the stent diameter throughout the stented segment, and the
maximum stent diameter was the maximal value of the maximal stent
diameter throughout the stented segment. A lesion was deemed asym-
metric if the AT value was more than 0.3. The stent EI was calculated
as a parameter for the circularity of the cross-section, using the mini-
mal stent diameter divided by the maximal stent diameter. The IVUS
cross-sections with the lowest EI value per pullback were selected
for analysis. A lesion with an EI of >0.7 was classified as concentric,
while an EI of <0.7 was classified as eccentric’. Details of the quali-
tative IVUS analysis were described in Supplementary Appendix 3.

CLINICAL FOLLOW-UP
The clinical follow-up data were obtained either from a review
of the hospital records or by telephone contacts with the patients,

Stent thrombosis due to a calcified nodule

relatives or referring physicians. The clinical follow-up data were
used to evaluate the cumulative incidence of all-cause death, car-
diac death, TLR and recurrent ST within 5 years following ST.
Definite, recurrent ST was defined as the recurrence of acute cor-
onary syndrome and angiographic evidence of thrombus in the
same stent®. Patients who were lost to follow-up were censored on
the last day with follow-up information. Follow-up intervals were

calculated from the day of the index ST events.

STATISTICAL ANALYSIS

Continuous variables with normal distributions are expressed as
mean+standard deviation. Variables with non-normal distributions
are expressed as median and interquartile ranges (25"-75% IQR).
The Student’s t-test or analysis of variance was used to evalu-
ate parametric continuous variables. The Mann-Whitney U test
or the Kruskal-Wallis test was used for non-parametric variables.
Categorical variables are expressed as frequencies with percent-
ages. They were compared using the x> or Fisher’s exact test.
Multiple logistic regression analysis was used to assess the predic-
tors of IS-CN in terms of patient and lesion characteristics.

In order to select variables for multivariate logistic regression
analysis, the Least Absolute Shrinkage and Selection Operator
(LASSO) analysis was performed on patient and lesion charac-
teristics. The results are presented as odds ratios (ORs) with 95%
confidence intervals (Cls). Incidence of all-cause death, cardiac
death, TLR and recurrent ST after the index ST events were esti-
mated using the Kaplan-Meier method. A log-rank test was used
to analyse the significant differences among the groups. We esti-
mated hazard ratios (HRs) of each outcome for IS-CN, and mul-
tivariate Cox regression analysis was used to adjust for baseline
demographics*. The Cox proportional regression analysis was used
to identify independent factors associated with TLR after index
ST events. Baseline variables (p<0.05) in the univariate regres-
sion analysis were included in the multivariate logistic regression
models. The results are presented as HRs with 95% ClIs. All of the
statistical analyses were performed using the SPSS for Windows
version 25 (IBM) and SAS version 9.4 (SAS Institute).

Results

PATIENT FLOW AND CHARACTERISTICS

Among the 313 patients who had definite ST of G2-DES,
121 patients fulfilled the inclusion criteria of the present IVUS
substudy. Among them, 1 patient was excluded due to poor
imaging quality and 2 due to incomplete data. Finally, a total of
118 patients with a total of 118 definite ST lesions that were sub-
jected to IVUS-guided PCI for ST were enrolled. Based on the
IVUS analysis at the time of ST, IS-CN was observed in 15 (13%)
out of 118 definite ST cases of G2-DES. These patients were clas-
sified into the IS-CN group (n=15), while the rest were classi-
fied into the non-IS-CN group (n=103) (Supplementary Figure 1).
Intra- and interobserver kappa for IS-CN were 0.96 and 0.88,
respectively. Qualitative IVUS analysis was possible in 118 cases
(IS-CN group, n=15; non-IS-CN group, n=103). After excluding
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cases with inconsistent IVUS pullback, volumetric IVUS analysis
was available for the 93 cases (14 in the IS-CN group and 79 in
the non-IS-CN group).

Patients with IS-CN had a higher prevalence of a history of hae-
modialysis, ostial lesions, severely calcified lesions and rotational
atherectomy usage at the index PCI. Additionally, patients with
IS-CN had a higher prevalence of right coronary artery (RCA)
lesions (60% vs 23%), a lower prevalence of left main coronary
artery and left anterior descending coronary artery lesions (27%
vs 64%), and fewer bifurcation lesions than those without IS-CN
(Table 1).

Table 2 shows the clinical presentation and treatment at the
time of ST. Late ST was predominant in the IS-CN group (67%),
while early ST was predominant in the non-IS-CN group (63%).
The IS-CN group had a higher rate of thienopyridine monother-
apy compared with the non-IS-CN group. The incidence of non-
ST-segment elevation myocardial infarction occurred more often
in the IS-CN group than in the non-IS-CN group (27% vs 6%).
Multivariate analysis was performed using variables (age, body
mass index, haemodialysis, proximal or mid-RCA lesions, severe
calcification and total stent length) obtained from the LASSO
analysis and demonstrated that haemodialysis (OR 12.27, 95%
CI: 1.56-94.54; p=0.02), proximal or mid-RCA lesions (OR 12.79,
95% CI: 1.78-92.13; p=0.01) and severe calcification (OR 13.01,
95% CI: 1.18-142.94; p=0.04) were independently associated with
IS-CN (Supplementary Table 1).

QUALITATIVE AND QUANTITATIVE IVUS FINDINGS

The results of qualitative IVUS analysis at the time of ST are
summarised in Supplementary Table 2. The incidence of severe
calcified lesions under the stent was significantly higher in the
IS-CN group compared with the non-IS-CN group (100% vs 36%;
p<0.0001). Table 3 summarises the results of the quantitative
IVUS analysis. Although the mean and minimum stent area were
comparable, the minimum lumen area was significantly smaller
in the IS-CN group than in the non-IS-CN group (Table 3). The
percentage of stent expansion relative to the reference luminal
area tended to be smaller in the IS-CN group compared with that
in the non-IS-CN group. The stent Al was significantly larger in
the IS-CN group than in the non-IS-CN group. The incidence of
lesions with asymmetric stent expansion was 100% in the IS-CN
group and 63% in the non-IS-CN group (p<0.01). The stent EI
was significantly lower in the IS-CN group than in the non-IS-
CN group. The incidence of lesions with eccentric stent expansion
was significantly higher in the IS-CN group than in the non-IS-CN
group (47% vs 19%; p<0.01) (Table 3).

SUBGROUP ANALYSIS OF CASES AVAILABLE FOR PRE-IVUS

IMAGING AT INDEX PCI

Among 118 definite ST cases of G2-DES (IS-CN: 15 patients;
non-IS-CN: 103 patients), 46 patients were available for the pre-
procedural IVUS image analysis at index PCI (IS-CN: 9 patients;
non-IS-CN: 37 patients). Among 9 patients with IS-CN ST,

Table 1. Patient, lesion, and procedural characteristics at the time
of index PCI.

IS<CN | Non-IS-CN

p-value

Variable (n=15) | (n=103)
Age, years 66 (62-72) | 69 (60-77) | 0.53
>70 years 5(33) 50 (49) 0.27
Female 5(33) 19 (18) 0.18
Body mass index, kg/m? 21.9+2.4 23.7+3.9 0.10
Coronary | Hypertension 13 (87) 80 (78) 0.43
risk - -
- Dyslipidaemia 12 (80) 84 (82) 0.89
Diabetes mellitus 7 (47) 47 (46) 0.94
Current smoking 3 (20) 39 (38) 0.18
Haemodialysis 12 (80) 9(9) <0.0001
Prior myocardial infarction 5(33) 35 (34) 0.96
Prior PCI 9 (60) 46 (45) 0.27
Prior CABG 1(7) 4 (4) 0.62
Prior stroke 1(7) 14 (14) 0.29
LVEF (%) 52.4 54.8 0.90
(40.5-65.0) | (45.0-64.5) ’
LVEF <40% 4 (27) 15 (15) 0.24
Multivessel coronary disease 5 (33) 50 (49) 0.27
Presen- | STEMI 2(13) 26 (25)
tation at
- NSTEMI 1(7) 9(9)
PCI Ugcstt:rti)ée angina 1) 17 (17)
P 0.38
Acute coronary 4(27) 52 (50)
syndrome
Stable_anglna 11 (73) 51 (50)
pectoris
Target LMCA and LAD 4 (27) 66 (64)
coronary
- LCx 2 (8) 13 (13)
RCA 9 (60) 24 (23) 0.01
Proximal or
mid-RCA lesion | ©®3) | 11D
In-stent restenosis 3 (20) 11(11) 0.30
Ostial lesion 3 (20) 2(2) 0.001
Bifurcation lesion 3 (20) 56 (54) 0.01
Severe calcification 12 (80) 23 (22) <0.0001
Rotational atherectomy 8 (53) 11 (11 <0.0001
Chronic total occlusion 0(0) 6 (6) 0.34
Total stent length (mm) 24.0 30.0 0.25
(16.5-41.0) | (22.0-48.0) '
Stent overlap 6 (40) 42 (41) 0.96
Values are median (interquartile range) or n (%). CABG: coronary artery
bypass grafting; IS-CN: in-stent calcified nodule; LAD: left anterior
descending artery; LCx: left circumflex artery; LMCA: left main coronary
artery; LVEF: left ventricular ejection fraction; NSTEMI: non-ST-segment
elevation myocardial infarction; PCI: percutaneous coronary intervention;
RCA: right coronary artery; STEMI: ST-segment elevation myocardial
infarction.

8 (89%) had CN at index PCI before stenting, while only 5 out of
37 (14%) had CN in the non-IS-CN group. The presence of CN at
initial PCI was significantly higher in the IS-CN group than in the
non-IS-CN group (89% vs 14%; p<0.0001).



Table 2. Clinical presentation and treatment at the time of ST.

Variable e Dol p-value
(n=13) | (n=103)
ST types | Early ST 1(7) 65 (63)
Late ST 10 (67) 18 (17) | <0.0001
Very late ST 4.(27) 20 (19)
2;?}3; of peeChl 11(73) | 83(81)
let therapy Aspirin alone 0(0) 8(8) 0.03
Thienopyridine alone 2(13) 1(1)
None 2 (13) 11 (11)
Medication| Anticoagulation 1(7) 6 (6) 0.90
ACE-I/ARB 5 (33) 61 (59) | 0.06
Beta-blocker 7 (47) 42 (41) | 0.67
Statin 8 (53) 70 (68) | 0.27
onangJPogcaema | 5 (33) | 23(22) | 0.35
Insulin 1(7) 12(12) | 0.57
Clinical STEMI 9 (60) 78 (76)
presenta- | NSTEMI 427 | 66
R I 0o | wao | %
Cardiac arrest 2(13) 9(9)
Cardiogenic shock 2 (13) 25 (24) 0.35
Angio- PSS 0(0) 3(3) 0.51
%é:{)l?rlg Stent fracture 2(13) 4 (4) 0.12
Final 0 0 (0) 0(0)
fade |1 00 1w |
2 0(0) 17.(17)
3 15(100)| 85 (83)
Treatment | PCI 15(100)| 102 (99) | 0.70
atine ime ! Thrombus aspiration | 9(60) | 71(69) | 0.49
POBA only 7 (47) 58 (56) | 0.48
Stent implantation 5(33) 35 (34) 0.96
Drug-coated balloon | 3 (20) 9(9) 0.18
CABG 0(0) 1(1) 0.70
Values are n (%). ACE-I: angiotensin-converting enzyme inhibitor;
ARB: angiotensin receptor blocker; CABG: coronary artery bypass
grafting; IS-CN: in-stent calcified nodule; NSTEMI: non-ST-segment
elevation myocardial infarction; PCI: percutaneous coronary intervention;
POBA: plain old balloon angioplasty; PSS: peri-stent contrast staining;
ST: stent thrombosis; STEMI: ST-segment elevation myocardial
infarction. TIMI: Thrombosis in Myocardial Infarction

CLINICAL OUTCOMES

The cumulative 5-year incidence of TLR after ST was significantly
higher in the IS-CN group compared with that in the non-IS-CN
group (62.7% vs 21.5%; HR 3.01, 95% CI: 1.16-7.85; p=0.02).
The incidence of all-cause death, cardiac death, and recurrent ST
was not statistically different between the 2 groups (Figure 2,
Supplementary Table 3). A Cox proportional hazards model dem-
onstrated that female sex (HR 3.05, 95% CI: 1.20-7.74; p=0.02),
diabetes mellitus (HR 3.26, 95% CI: 1.26-8.41; p=0.01) and the
presence of IS-CN on IVUS images at the time of ST (HR 3.07,

Stent thrombosis due to a calcified nodule

95% CI: 1.16-8.14; p=0.02) were independently associated with
subsequent TLR after the index ST events (Table 4).

Discussion

The main findings of the current study can be summarised as fol-
lows: (1) IS-CN was observed in 15 out of 118 (13%) definite
ST cases of G2-DES; (2) haemodialysis and proximal or mid-
RCA lesions were independently associated with ST with IS-CN;
(3) stent expansion in the IS-CN group was more asymmetric and
eccentric than those without IS-CN; and (4) the cases with ST
with IS-CN were independently associated with a higher risk for
TLR after the index ST events.

Several previous studies reported a potential relationship
between the IS-CN and ISR. According to the previous stud-
ies, the prevalence of IS-CN in ISR lesions varied from 5% to
31%**!, While many studies reported the relationship between
IS-CN and ISR, only a few case reports reported its relationship
with ST. Mori et al reported 2 cases wherein CN resulted in throm-
bus formation inside previously implanted stents'>. However, these
patients died for non-cardiac reasons, and ST due to CN was acci-
dentally found as a chronic total occlusion of previously implanted
stents. Thus, the current study is the first to clarify the prevalence
of IS-CN among a series of patients who experienced acute onset
of definite ST of G2-DES.

In the current study, we found that haemodialysis was associ-
ated with ST lesions with IS-CN. End-stage renal disease and hae-
modialysis were reported as independent risk factors for CN in the
native coronary artery'®. The association between haemodialysis
and IS-CN was also demonstrated. In a recent pathological study
of ISR tissues obtained through directional coronary atherectomy,
Nakamura et al demonstrated that IS-CN was the major histologi-
cal characteristic causing ISR in patients undergoing haemodialy-
sis!®. These findings indicate that haemodialysis is a common risk
factor for the development of CN, regardless of whether it is in
the de novo lesion or the in-stent segment. Additionally, our study
indicates that haemodialysis can be a common risk factor not only
for ISR but also for ST with IS-CN.

CN has its own predominant site in the human coronary artery.
Lee et al demonstrated that in a series of native coronary artery
diseases CN was located more frequently in the ostial or mid-
RCAP. In addition to the native coronary artery, Nakamura et al
reported that 57% (4 of 7 lesions) of IS-CN were located in the
RCA'". In the present study, 60% of ST with CN was observed in
RCA lesions, and proximal and mid-RCA lesions were indepen-
dently associated with ST due to IS-CN. Although the mechanism
of IS-CN remains poorly understood, the association between cor-
onary hinge motion, severe calcified lesions and the occurrence of
CN has been frequently reported. Interestingly, there was a numer-
ically higher incidence of stent fractures in ST lesions with IS-CN
than in those without (13% vs 4%; p=0.12), although the differ-
ence was not statistically significant due to the limited sample size.
Thus, the presence of hinge motion might affect the progression
of CN, even in the stented segment. In contrast, a recent IVUS
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Table 3. Quantitative IVUS analysis.

Variable

IS-CN (n=14)

Non-IS-CN (n=79)

p-value

In-stent 2D analysis Stent length, mm 28.8 (17.6-40.9) 32.2 (23.6-47.6) 0.46
segment Mean stent area, mm? 6.54 (6.02-8.21) 6.35 (5.54-8.01) 0.28
Minimum stent area, mm? 4.46 (3.62-6.61) 4.54 (3.58-6.31) 0.98
Mean lumen area, mm? 5.36 (4.36-6.82) 5.18 (4.10-6.37) 0.81
Minimum lumen area, mm? 1.81 (1.39-2.06) 2.27 (1.66-3.09) 0.02
Mean vessel area, mm? 14.92 (11.39-18.25) 13.08 (11.43-16.15) 0.43
Minimum vessel area, mm? 11.01 (7.57-15.15) 9.24 (6.98-12.06) 0.30
Mean intrastent tissue area, mm? 9.80 (6.84-11.79) 8.37 (7.16-9.16) 0.26
Stent expansion | Percent stent expansion, % 56.1 (49.4-65.3) 70.1 (50.4-85.9) 0.08
related analysis g+ o cymmetry index 0.43 (0.40-0.54) 0.35 (0.27-0.45) <0.01
Asymmetric stent expansion 14 (100) 65 (63) <0.01
Stent eccentricity index 0.70 (0.59-0.73) 0.79 (0.73-0.83) <0.0001
Eccentric stent expansion 8 (57) 20 (19) <0.01
Volumetric Stent volume, mm?3 221.9 (126.0-254.6) 204.1 (142.5-315.1) 0.93
analysis Lumen volume, mm? 146.3 (93.8-212.2) 158.5 (104.0-257.9) | 0.62
Vessel volume, mm3 323.1 (286.1-542.1) 407.5 (303.5-651.2) 0.91
Intrastent tissue volume, mm3 265.5 (206.8-378.6) 242.7 (180.6-298.2) 0.70
Stent volume index 6.5 (6.0-10.0) 6.4 (5.5-8.0) 0.28
Lumen volume index 7.6 (6.8-9.8) 7.3 (5.6-9.0) 0.62
Vessel volume index 17.6 (11.4-19.6) 16.1 (13.8-19.6) 0.90
Intrastent tissue volume index 9.8 (7.2-11.7) 8.4 (6.3-10.4) 0.26
Proximal | Length, mm 5.0 (4.8-5.0) 5.0 (3.0-5.09 0.62
;i;e;]e:rﬁe Mean lumen area, mm? 7.57 (6.76-9.79) 7.33 (5.60-9.01) 0.53
Minimum lumen area, mm? 6.23 (5.12-7.68) 6.01 (4.52-7.51) 0.85
Lumen volume, mm3 35.0 (27.7-45.3) 30.7 (22.1-37.7) 0.24
Distal Length, mm 5.0 (4.5-5.0) 5.0 (4.8-5.0) 0.99
;ngerfg‘rfte Mean lumen area, mm? 3.68 (2.58-6.76) 4.17 (3.06-5.59) 0.94
Minimum lumen area, mm? 3.39(2.20-4.54) 3.23(2.51-4.48) 0.76
Lumen volume, mm? 18.4 (12.7-33.8) 19.0(12.9-24.4) 0.78
Average reference lumen area, mm? 7.67 (5.88-11.04) 7.09 (6.11-8.64) 0.56

Values are n (%) or median (interquartile range). IS-CN: in-stent calcified nodule; IVUS: intravascular ultrasound

study by Sugane et al reported that 82.4% of ISR in CN lesions
was driven by CN regrowth at the same location where CNs were
originally observed before stenting’. Albeit the subgroup analysis
was with a limited sample size, our results showed that 89% of
IS-CN lesions have CN at index PCI, in line with the previous
study®. Thus, we speculate that the presence of CN under the stent
and regrowth after stenting could be another potential mechanism
of IS-CN leading to ST (Central illustration).

Previous reports consistently reported that minimum stent area
and residual stenosis were important contributors to the occur-
rence of ST, However, we did not observe any statistical dif-
ferences between the 2 groups in these variables, since all the
cases enrolled in this substudy were ST cases. Instead, the IS-CN
group had a significantly larger stent Al and lower stent EI com-
pared with the non-IS-CN group, suggesting that the IS-CN group
had more asymmetric and eccentric stent expansion than the

non-IS-CN group. Based on these findings, we consider that the
presence of CN in the native coronary artery may induce asym-
metric and eccentric stent expansion, which may progress IS-CN
development through accelerated fibrin and thrombus formation
on top of the protruding CN inside the stented segment, leading
to the occurrence of ST. Importantly, the present study showed
that the presence of IS-CN in ST lesions was independently assoc-
iated with TLR after the index ST events. The presence of IS-CN
and more asymmetric and eccentric stent expansion might induce
unfavourable clinical outcomes after the treatment of ST. Given
these findings, the careful clinical follow-up should be considered
for patients with IS-CN at the time of the index ST events.

Limitations
There are several limitations of the present study. First, among
patients with definite G2-DES ST, we retrospectively enrolled
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Figure 2. Clinical events after definite stent thrombosis. A) All-cause death, B) cardiac death, C) target lesion revascularisation and
D) recurrent stent thrombosis. HR: hazard ratio; IS-CN.: in-stent calcified nodule; na: not applicable; ST: stent thrombosis; TLR: target lesion

revascularisation

those who had pre-intervention IVUS imaging at the time of ST.
Thus, selection bias might have existed. Second, a relatively large
number of cases were excluded for IVUS analysis, mainly due to
the lack of IVUS images available for the analysis. Also, a rela-
tively large number of cases (25 patients from 118 patients) were
excluded due to inconsistent pullback for quantitative IVUS anal-
ysis. However, this lesion selection reinforced the reliability of
our findings because of the elimination of cases that could ham-
per accurate quantitative evaluation. Also, post-PCI IVUS images
were not analysed. Third, since the IVUS imaging at index PCI
was relatively small, the association between index PCI and ST
could not be adequately assessed in the present study. Fourth, we

could not assess the prevalence of IS-CN in G1-DES ST cases due
to the lack of IVUS data collected in the core laboratory, although
comparing the prevalence of IS-CN between G1- and G2-DES ST
cases might add new insights into the underlying mechanism of
DES-ST. Fifth, CN was diagnosed according to its definition on
IVUS but not optical coherence tomography (OCT), which may
overdiagnose CN. A further study with OCT might be needed to
confirm our findings. Finally, this study has no statistical power
for clinical endpoints. Although the difference for TLR between
groups is highly plausible, this result still needs to be considered
hypothesis-generating. Due to the small sample size, LASSO anal-
ysis did not identify variables associated with TLR. Also, due to
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Table 4. Factors independently associated with TLR after the index ST events.

Univariate regression Multivariate regression

Variables
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95% ClI 95% ClI
Age 1.00 0.97-1.04 0.85
Age =70 years 1.28 0.53-3.08 0.58
Female 3.39 1.36-8.44 <0.01 3.05 1.20-7.74 0.02
Body mass index 1.06 0.96-1.18 0.23
Hypertension 2.08 0.61-7.11 0.25
Diabetes mellitus 3.05 1.21-7.73 0.02 3.26 1.26-8.41 0.01
Dyslipidaemia 0.69 0.23-2.07 0.51
Current smoking 0.50 0.17-1.49 0.21
Haemodialysis 1.93 0.20-11.26 0.18
LVEF <40% 0.31 0.04-2.31 0.25
Prior myocardial infarction 1.40 0.57-3.42 0.46
Prior PCI 0.85 0.35-2.07 0.73
Prior CABG 0.84 0.11-6.36 0.87
Prior stroke 1.16 0.34-3.95 0.82
Multivessel coronary disease 0.92 0.37-2.25 0.85
STEMI at index PCI 0.60 0.17-2.03 0.41
NSTEMI at index PCI 2.20 0.64-7.60 0.21
Unstable angina at index PCI 1.46 0.49-4.38 0.50
Stable angina at index PCI 0.82 0.34-1.96 0.65
RCA lesion 1.67 0.68-4.08 0.26
Ostial lesion 1.49 0.20-11.26 0.70
Bifurcation lesion 0.50 0.19-1.31 0.16
Severe calcification 2.70 1.12-6.52 0.03
Chronic total occlusion 0.66 0.09-4.96 0.69
Total stent length 1.00 0.98-1.02 0.74
Stent overlap 1.43 0.59-3.45 0.42
Early ST 0.32 0.12-0.83 0.02
Late ST 2.61 1.08-6.30 0.03
Very late ST 1.44 0.52-4.00 0.49
STEMI at ST 0.57 0.21-1.52 0.26
NSTEMI at ST 1.48 0.34-6.45 0.61
Unstable angina pectoris at ST 2.74 0.91-8.24 0.07
POBA only at ST 1.06 0.44-2.57 0.89
Stent implantation at ST 1.14 0.47-2.80 0.77
Drug-coated balloon at ST 0.57 0.07-4.27 0.58
Minimum stent area 1.05 0.41-3.04 0.83
Asymmetric stent expansion 1.28 0.42-3.90 0.66
Eccentric stent expansion 1.31 0.50-3.48 0.57
In-stent calcified nodule 3.01 1.16-7.85 0.02 3.07 1.16-8.14 0.02
CABG: coronary artery bypass grafting; Cl: confidence interval; HR: hazard ratio; LVEF: left ventricular ejection fraction; NSTEMI: non-ST-segment
elevation myocardial infarction; PCI: percutaneous coronary intervention; POBA: plain old balloon angioplasty; RCA: right coronary artery; ST: stent
thrombosis; STEMI: ST-segment elevation myocardial infarction; TLR: target lesion revascularisation

the small sample size, the proportional hazards assumption may Conclusions

not be correct for death and cardiac death. However, there was  The IVUS substudy of the REAL-ST registry suggested that
statistically no significant difference between the 2 groups. A fur-  IS-CN might be one of the underlying mechanisms of definite ST
ther study with a larger sample size might be necessary to confirm  after G2-DES implantation. Given that definite ST patients with
our findings. IS-CN were associated with a higher TLR rate after the index ST
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v Haemodialysis

v Proximal or mid-RCA lesion
v Severe calcification

M Calcification
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13% (15/118 patients) in definite G2-DES ST

CENTRAL ILLUSTRATION Schema of prevalence and risk factors for stent thrombosis with in-stent calcified nodules
and outcome of in-stent calcified nodules in stent thrombosis lesion.

G2-DES: second-generation drug-eluting stent; HR: hazard ratio; IS-CN. in-stent calcified nodule; IVUS: intravascular ultrasound;
RCA: right coronary artery; ST: stent thrombosis; TLR: target lesion revascularisation
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IS-CN was associated with a higher TLR rate after ST

events than those without, careful clinical follow-up should be

considered for these patients.

Impact on daily practice

In the REAL-ST registry, IS-CN was observed in 13% of defi-
nite G2-DES ST cases. IS-CN might be one of the underlying
mechanisms of definite ST after G2-DES implantation. Definite
ST patients with IS-CN were associated with higher TLR rates
after ST than those without, suggesting the need for careful clin-
ical follow-up of these patients.
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Supplementary data

Supplementary Appendix 1. List of participating centres and investigators.
Chidoribashi Hospital: Fumitoshi Toyota, Yohei Sasaki

Fujimoto General Hospital: Hideaki Otsuji

Fukuoka University: Makoto Sugihara, Makito Futami

Fukuoka Wajiro Hospital: Takeshi Serikawa

Gifu Heart Center: Hitoshi Matsuo, Toru Tanigaki

Gifu Prefectural General Medical Center: Toshiyuki Noda, Takashi Kato
Hiroshima City Hiroshima Citizens Hospital: Kazuoki Dai

Hyogo Prefectural Awaji Medical Center: Masamichi Iwasaki

Hyogo Prefectural Himeji Cardiovascular Center: Tomofumi Takaya
Ichinomiyanishi Hospital: Kazuhiro Dan, Kei Ichihashi

Izumi Regional Medical Center: Hideto Okino

Japanese Red Cross Wakayama Medical Center: Mamoru Toyofuku
Kawakita General Hospital: Atsushi Tosaka

Kindai University Faculty of Medicine: Gaku Nakazawa

Kitaishikai Hospital: Makoto Saito

Kobe City Medical Center General Hospital: Kite Kim

Kobe University: Hiromasa Otake, Akira Nagasawa, Takayoshi Toba, Yu Takahashi
Kokura Memorial Hospital: Kenji Ando, Shoichi Kuramitsu

Kurashiki Central Hospital: Kazushige Kadota, Masanobu Ohya

Kurume University: Takaharu Nakayoshi, Hidetoshi Chibana

Kyoto University: Takeshi Kimura, Hiroki Shiomi

Megumino Hospital: Yoshinori Shimooka

Miyazaki Medical Association Hospital Cardiovascular Center: Yoshisato Shibata,
Kenji Ogata

Miyazaki Prefectural Nobeoka Hospital: Kazumasa Kurogi

Nakadori General Hospital: Ryohei Sakamoto

National Hospital Organization Kagoshima Medical Center: Tetsuro Kataoka
National Hospital Organization Kyoto Medical Center: Mitsuru Ishii
National Hospital Organization Ureshino Medical Center: Fumi Yamamoto
New Tokyo Hospital: Hiroyoshi Kawamoto, Hiroto Yabushita

Osaka Saiseikai Nakatsu Hospital: Amane Kozuki

Osaka Red Cross Hospital: Yohei Kobayashi

Otsu Red Cross Hospital: Hirooki Higami



Saiseikai Kumamoto Hospital: Hiroto Suzuyama

Saitama Medical Center, Jichi Medical University: Kenichi Sakakura, Yusuke Watanabe
Saga University: Shinjo Sonoda, Masahiro Natsuaki

Sapporo Higashi Tokushukai Hospital: Seiji Yamasaki, Yuki Katagiri

Sendai Kosei Hospital: Norio Tada, Kazunori Horie

Sendai Open Hospital: Toru Takii

Shonan Kamakura General Hospital: Shigeru Saito, Futoshi Yamanaka

Takagi Hospital: Daigo Mine

Tenri Hospital: Soichiro Enomoto

Tokai University: Shingo Matsumoto

Tokeidai Memorial Hospital: Takuya Haraguchi

Tokyo Medical University Hachioji Medical Center: Nobuhiro Tanaka

Tsukuba Medical Center Hospital: Hidetaka Nishina, Yuki Kakefuda

University of Occupational and Environmental Health Japan School of Medicine: Reo
Anai

Yamato Seiwa Hospital: Tatsuki Doijiri



Supplementary Appendix 2. IVUS analysis.

Quantitative IVUS analysis including the lumen, stent, and vessel (external elastic
membrane; EEM) areas traced manually at every 1.0 mm interval in stented segments
and in adjacent reference segments (<5 mm long). Using the Simpson method, lumen,
vessel and intrastent tissue volumes were computed, and the volume index was
calculated by dividing the volume data by the length to adjust for the different segment
lengths.

Supplementary Appendix 3. IVUS definitions.

The aneurysm was defined as a lesion that included all layers of the vessel wall with an
external elastic membrane and lumen area >50% larger than the proximal reference
segment. Malapposition was defined as one or more stent struts separated from the
vessel wall. Severe calcified lesion was defined as ST lesions with calcification. In these
lesions, there should be a maximum calcium arc of >270°. In the present study, the
presence of a severe calcified lesion was diagnosed based on the presence or absence of
severe calcification circumferentially outside the stent struts due to the lack of IVUS
data at the time of initial PCI before stenting. Residual stenosis was defined as a
reference minimum lumen cross-sectional area of <4 mm? with a plaque burden of
>70%.



Supplementary Table 1. Factors independently associated with in-stent calcified nodules.

Univariate regression Multivariate regression LASSO

Variables _

OR 95% Cl  p-value OR 95% Cl  p-value Estimate
Age 0.99 0.95-1.04 0.66 0.96 0.86-1.07 0.42 0.004
Female 2.21 0.68-7.22 0.19 0
Body mass index 0.86 0.71-1.03 0.10 0.83 0.63-1.08 0.17 -0.013
Hypertension 1.87 0.39-8.89 0.43 0
Diabetes mellitus 1.04 0.35-3.09 0.94 0
Dyslipidaemia 0.90 0.23-3.52 0.89 0
Current smoking 0.41 0.11-1.54 0.19 0
Haemodialysis 41.78 9.92-176.01  <0.0001 12.27 1.56-94.54 0.02 0.639
Prior myocardial infarction 0.97 0.31-3.06 0.96 0
Prior PCI 1.86 0.62-5.60 0.27 0



Prior CABG

Prior stroke

Multivessel coronary disease

STEMI at index PCI

NSTEMI at index PCI

Unstable angina at index PCI

Stable angina at index PCI

Proximal or mid-RCA lesion

Ostial lesion

Bifurcation lesion

Severe calcification

Chronic total occlusion

1.77

0.34-

0.53

0.46

0.75

0.36

2.80

9.56

12.63

0.21

13.91

n/a

0.18-16.97

0.04-2.73

0.17-1.66

0.10-2.15

0.09-6.35

0.04-2.93

0.84-9.38

2.90-31.47

1.91-83.29

0.06-0.79

3.62-53.53

n/a

0.62

0.31

0.28

0.32

0.79

0.34

0.09

<0.001

<0.01

0.02

<0.001

n/a

12.79

13.01

1.78-92.13

1.18-142.94

0.01

0.04

0.206

0.475



Total stent length 0.98 0.95-1.02 0.23 0.97 0.93-1.01 0.16 -0.012

Stent overlap 0.97 0.32-2.92 0.95 0

CABG: coronary artery bypass grafting; Cl: confidence interval; LASSO: least absolute shrinkage and selection operator; n/a: not
applicable; NSTEMI: non-ST-segment elevation myocardial infarction; OR: odds ratio; PCI: percutaneous coronary intervention; RCA:
right coronary artery; STEMI: ST-segment elevation myocardial infarction.



Supplementary Table 2. Qualitative IVUS analysis.

Variable IS-CN (n=15) Non-IS-CN (n=103) p-value
Malapposition 1(7) 25 (24) 0.13
Aneurysm 0(0) 4(4) 0.44
Severely calcified lesion 15 (100) 37 (36) <0.0001
Residual stenosis* 2(13) 31 (37) 0.37

Values are n (%). *Residual stenosis was assessed for 9 cases with 1IS-CN and 83 with
non-1S-CN, due to several non-available cases for the evaluation of reference segment.
IS-CN: in-stent calcified nodule; IVUS: intravascular ultrasound



Supplementary Table 3. Hazard ratios of all-cause death, cardiac death, target lesion revascularisation and recurrent ST between

IS-CN and non-IS-CN in Cox model.

For all-cause death For cardiac death For TLR For recurrent ST
HR 95% CI | p-value HR 95% CI | p-value HR 95% Cl1 | p-value HR 95% C1 | p-value
Unadjusted
IS-CN 1.14 0.43-2.96 0.79 1.00 0.30-3.37 0.99 3.01 1.16-7.85 0.02 0.00 n/a n/a
Adjusted
IS-CN 1.67 0.46-6.07 0.44 2.90 0.48-17.45 0.24 4.59 1.06-19.90 0.04 0.00 n/a /a

Adjusted for age >70 years, female sex, clinical presentation at the index PCI (STEMI, NSTEMI, and unstable angina), haemodialysis,

hypertension, dyslipidaemia, current smoking, and diabetes mellitus.

ClI: confidence interval; HR: hazard ratio; IS-CN: in-stent calcified nodule; n/a: not applicable; NSTEMI: non-ST-segment elevation
myocardial infarction; PCI: percutaneous coronary intervention; ST: stent thrombosis; STEMI: ST-segment elevation myocardial

infarction; TLR: target lesion revascularisation



REAL-ST registry
Definite ST cases after G2-DES implantation: 313 pts

] IVUS-guided PCI at ST: 198 pts |
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Supplementary Figure 1. Study flow chart.

G2-DES: second-generation drug-eluting stent; IS-CN, in-stent calcified nodule; IVUS:
intravascular ultrasound; PCI; percutaneous coronary intervention; pt(s): patient(s); ST:
stent thrombosis





