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higher incidence of target lesion revascularization (TLR) 
than in cases of plaque rupture or plaque erosion (27.1% 
vs. 10.7% and 5.2%, respectively).7 Morofuji et al reported 
that the TLR rate was higher in the CN than non-CN group 
(23.2% vs. 7.9%) in cases with heavily calcified lesions treated 
with rotational atherectomy (RA) and second-generation 
DES (CNs observed in 48.5%).8 Therefore, the optimal 
PCI strategy for CNs remains unclear.

With the advent of drug-coated balloons (DCBs), stent-
less PCI with a DCB is gaining popularity, especially in 
cases of small coronary artery disease.9 Because it is not 
clear whether a DES is indispensable for the treatment of 
CNs, stent-less PCI with RA and a DCB may be an alter-
native strategy.10 Furthermore, the poor clinical outcomes 
of PCI for CNs may be due to a poor patient background 
causing CNs in coronary arteries. The clinical significance 
of CNs may differ depending on patient characteristics and 
lesion location.

Therefore, the aim of the present study was to clarify the 
optimal management of CNs by reassessing the PCI strat-
egy in association with patient background characteristics 

P laque rupture, plaque erosion, and calcified nodules 
(CNs) are the 3 major mechanisms underlying acute 
coronary syndrome (ACS).1,2 CNs are pathologi-

cally defined as lesions with fibrous cap disruption and 
luminal thrombus associated with eruptive, dense, calcific 
nodules, and are considered to be the least frequent cause 
of ACS compared with plaque rupture and plaque ero-
sion.1 However, whether CNs are a unique morphology for 
ACS is unclear. Indeed, a study with intravascular ultra-
sound (IVUS) demonstrated that CNs were actually not 
rare, being frequently observed in non-culprit vessels of 
patients with ACS at rates of 17% per artery and 30% per 
patient.3 Furthermore, a study with optical coherence 
tomography (OCT) demonstrated CNs in 4.2% of all 
lesions regardless of ACS, with the presence of CNs associ-
ated with severe calcification and large hinge movement of 
the coronary artery.4

Percutaneous coronary intervention (PCI) for CNs 
remains challenging, even in the contemporary drug-elut-
ing stent (DES) era.5,6 Kobayashi et al reported that the 
clinical outcomes of ACS with CNs were poor, with a 
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Background: The presence of a calcified nodule (CN) is associated with unfavorable clinical outcomes after percutaneous coronary 
intervention (PCI). This study clarified the optimal management of CNs by reassessing the PCI strategy in association with patient 
background characteristics and clinical outcomes.

Methods and Results: Among 5,332 consecutive PCI cases managed using intra-coronary imaging, CNs were found in 167 
lesions (3.1%). CNs were predominantly located at the proximal or mid-right coronary artery (RCA; 62%). More than half presented 
clinically as acute coronary syndrome (ACS; 56%). All-cause mortality and the target lesion revascularization (TLR) rate at 1 year 
were 13% and 23%, respectively. Multivariate analysis revealed that hemodialysis, diabetes, and ACS were independent risk 
factors for all-cause death, whereas hemodialysis and RCA location were independent risk factors for TLR. Regarding the PCI 
strategy, not using rotational atherectomy (RA) was significantly associated with restenosis, whereas placing a drug-eluting stent 
(DES) was not.

Conclusions: Both hemodialysis and RCA location were strong predictors of poor outcomes after PCI for CN. Because not using 
RA was significantly associated with restenosis, it may be better to use RA whenever possible.
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Intracoronary Imaging Analyses
The intracoronary imaging modalities used in the present 
study were OCT (Dragonfly; Abbott Vascular, Santa Clara, 
CA, USA), optical frequency domain imaging (OFDI; 
FastView; Terumo, Tokyo, Japan), and IVUS (AltaView; 
Terumo or OptiCross; Boston Scientific). All OCT/OFDI 
images were analyzed with proprietary software programs 
(Abbott Vascular or Terumo) in accordance with previ-
ously validated criteria for OCT plaque characterization.12 
CNs were defined as superficial calcified plaques with pro-
truding nodular calcium and an attached thrombus on 
OCT/OFDI,7 or a convex shape of the luminal side of 
calcium with an irregular surface on IVUS.8,13 Cases show-
ing calcium with a smooth luminal surface were excluded 
as CNs in the present study.

The reference lumen area (RLA) was defined as the 
mean of the largest lumens proximal and distal to the ste-
nosis within the same segment. To assess asymmetric stent 
expansion, the stent eccentricity index (SEI) was deter-
mined as the minimum stent diameter divided by the max-
imum stent diameter in each cross-section.14

Statistical Analyses
All statistical analyses were performed using EZR 1.54 
(Saitama Medical Center, Jichi Medical University, Saitama, 
Japan), which is a graphical user interface for R (R 
Foundation for Statistical Computing, Vienna, Austria).15 
Continuous variables are presented as the mean ± SD, unless 
noted otherwise. Unpaired Student’s t-tests were used to 
compare continuous variables between 2 independent 
groups. Categorical data are reported as frequencies and 
percentages and were compared using a Chi-squared or 
Fisher’s exact test. The cumulative incidence risks of adverse 
clinical events were estimated by the Kaplan-Meier method 
and compared by the log-rank test. A multivariate analysis 
was performed using the Cox proportional hazards model 
for the survival time analysis or logistic regression for 
binary dependent variables. Receiver operating character-
istic (ROC) curve analysis was used to evaluate the predic-
tive accuracy of logistic regression analysis.

All tests were 2-tailed, and P<0.05 was considered sta-
tistically significant.

and clinical outcomes.

Methods
Study Design
This was a single-center retrospective observational study 
conducted at Saiseikai Fukuoka General Hospital (Fukuoka, 
Japan). Consecutive patients who underwent PCI between 
January 2012 and September 2020 and had CNs in the 
target lesion were analyzed retrospectively based on clini-
cal records. Major adverse cardiovascular events (MACEs) 
were defined as a composite of all-cause death, myocardial 
infarction (MI), stent thrombosis, and TLR.

This study was approved by the Ethics Committee of 
Saiseikai Fukuoka General Hospital (2021-8-3). The 
investigation conformed to the principles outlined in the 
Declaration of Helsinki.

PCI Procedures
All stents used in the present study were second- and third-
generation DESs. RA was performed using the Rotablator 
(Boston Scientific, Natick, MA, USA) at a rotational speed 
of 160,000±20,000 r.p.m. Excimer laser coronary angio-
plasty (ELCA) was accomplished using the Spectranetics 
CVX-300 (Spectranetics, Colorado Springs, CO, USA). 
All DCBs used were paclitaxel coated (SeQuent Please; B. 
Braun, Melsungen, Germany).

Coronary Angiography Analyses
Calcification was identified angiographically as readily 
apparent radiopacities within the vascular wall at the site 
of the stenosis and classified as none/mild, moderate (radi-
opacities noted only during the cardiac cycle before con-
trast injection), and severe (radiopacities noted without 
cardiac motion before contrast injection generally compro-
mising both sides of the arterial lumen).11 Coronary tortu-
osity was defined as 2 bends >75° or 1 bend >90° proximal 
to the target lesion.4

Angiographic restenosis was defined as diameter steno-
sis ≥50% by quantitative coronary angiography within a 
previously treated segment at the follow-up angiogram.

Table 1. Clinical Characteristics of 167 Patients With Calcified Nodules

Overall
ACS In-stent restenosis

− + P value − + P value

No. patients 167 74 93 134 33

Age (years) 73.1±10.2 72.0±9.5 73.9±10.7 0.235 73.2±10.4 72.6±9.3 0.788

Male sex 120 (71.9) 57 (77.0) 63 (67.7) 0.226   93 (69.4) 27 (81.8) 0.197

Hypertension 141 (84.4) 63 (85.1) 78 (83.9) 1 112 (83.6) 29 (87.9) 0.789

Diabetes   89 (53.3) 44 (59.5) 45 (48.4) 0.164   68 (50.7) 21 (63.6) 0.243

Dyslipidemia 102 (61.1) 50 (67.6) 52 (55.9) 0.151   85 (63.4) 17 (51.5) 0.235

Hemodialysis   55 (32.9) 22 (29.7) 33 (35.5) 0.508   41 (30.6) 14 (42.4) 0.218

Prior PCI   84 (50.3) 45 (60.8) 39 (41.9) 0.019   51 (38.1)   33 (100.0) <0.001　
Prior CABG 15 (9.0) 7 (9.5) 8 (8.6) 1   9 (6.7)   6 (18.2) 0.081

Lesion location (RCA/LCA/SVG) 104/62/1 46/27/1 58/35/0 0.732 74/59/1 30/3/0 <0.001　
Multivessel disease 133 (79.6) 59 (79.7) 74 (79.6) 1 105 (78.4) 28 (84.8) 0.478

ACS   93 (55.7) 0 (0.0)   93 (100.0) <0.001　   78 (58.2) 15 (45.5) 0.241

In-stent restenosis   33 (19.8) 18 (24.3) 15 (16.1) 0.241   0 (0.0)   33 (100.0) <0.001　

Unless indicated otherwise, data are given as the mean ± SD or n (%). ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; 
LCA, left coronary artery; PCI, percutaneous coronary intervention; RCA, right coronary artery; SVG, saphenous vein graft.
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(80%) and the result of in-stent restenosis (ISR) in 33 cases 
(20%). Most of ISR CN cases occurred after PCI for de 
novo CNs. There were no significant differences in age, sex, 
rates of hemodialysis or diabetes, and lesion location 
between ACS and non-ACS patients. In contrast, although 
there were no significant differences in age, sex, rates of 
hemodialysis or mellitus, and ACS between de novo and 
ISR patients, ISR CNs were more frequently observed in 
the RCA (90.9%) than de novo CNs (55.2%; P<0.001).

Clinical Outcomes After PCI for CNs
Adverse clinical event-free survival curves after PCI are 
shown in Figure 1. The median follow-up period was 15 
months. At 1 and 2 years, the cumulative incidence of 
MACEs after PCI was 33% and 40%, respectively, the all-
cause mortality was 13% and 16%, respectively, and the 
TLR rate was 23% and 29%, respectively. Over 5 years, 

Results
Clinical Characteristics of Patients With CNs
Among 5,332 consecutive PCI cases evaluated using intra-
coronary imaging (IVUS, n=2,953; OCT/OFDI, n=2,454; 
both IVUS and OCT/OFDI, n=75), CNs were found in 
167 lesions (3.1%; IVUS, n=110; OCT/OFDI, n=47; both 
IVUS and OCT/OFDI, n=10). The clinical characteristics 
of patients with CNs are summarized in Table 1. The mean 
age was 73 years, 72% were men, 33% were on hemodialysis, 
and 53% had diabetes. CNs were predominantly located at 
the proximal or mid-right coronary artery (RCA; n=104 
[62%]), followed by the left coronary artery (LCA; n=62 
[37%]) and saphenous vein graft (SVG; n=1 [1%]). The case 
of the CN located at the SVG was reported previously.16

More than half the patients with CNs presented clini-
cally with ACS (56%); the CNs were de novo in 134 cases 

Figure 1.  Survival curves (solid lines) for freedom from (A) major adverse cardiovascular events (MACEs), (B) all-cause death, 
and (C) target lesion revascularization (TLR) with 95% confidence intervals (dashed lines).
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PCI Strategy and Restenosis
The relationship between the PCI strategy and restenosis 
was investigated in a subset of patients (91 de novo CNs) 
whose patency was assessed by coronary angiography 
(n=68), coronary computed tomography angiography 
(n=15), or stress myocardial perfusion scintigraphy (n=8) 
within 2 years after PCI. As summarized in Table 3, the 
mean age of this subset of patients was 74 years, 69% were 
men, 25% were on hemodialysis, 46% had diabetes, and 
54% had ACS. Because 29 of the 91 target lesions were 
diagnosed as having restenosis, the restenosis rate was 
32%. Target lesions were located in the RCA in 53 (58%) 
cases, the left main trunk (LMT) to left anterior descend-
ing artery (LAD) in 34 (38%) cases, and in the left circum-
flex artery (LCX) in 4 (4%) cases; 42% of patients had a 
history of PCI and 79% of patients had multivessel coro-
nary artery disease. Target lesions were severe with ≥99% 
stenosis in 42% of cases, tortuous in 41% of cases, and 
severely calcified in 66% of cases. RA, a scoring balloon, a 
DES, a DCB, and ECLA were used in 57%, 31%, 80%, 
13%, and 2% of patients, respectively. There were no 
marked differences in the aforementioned clinical charac-
teristics between patients with and without DES implanta-
tion or between patients with and without RA (data not 
shown). Although hemodialysis was more frequently 
observed in LCA lesions (37% vs. 17% for RCA; P=0.049), 
all other clinical characteristics were not markedly differ-
ent between RCA and LCA lesions.

Univariate analysis indicated that a younger age, diabe-

there were 8 cases (38%) of sudden cardiac death, 2 cases 
(10%) of heart failure, and 11 cases (52%) of non-cardiac 
death. MACE consisted of 3 cases of ST-elevation MI 
(STEMI) and 7 cases of non-STEMI, all of which were 
restenosis at the target lesions and treated with PCI. There-
fore, all MI cases were counted as TLR as well. No stent 
thrombosis without MI or TLR was observed.

As summarized in Table 2, univariate analysis indicated 
that MACEs were significantly associated with younger 
age, male sex, diabetes, and hemodialysis, whereas all-
cause death was significantly associated with diabetes 
and hemodialysis, and TLR was significantly associated 
with a younger age, male sex, hemodialysis, RCA location, 
and ISR lesions. Multivariate analysis with a Cox propor-
tional hazards model including age, sex, diabetes, hemodi-
alysis, RCA location, ACS, and ISR lesions revealed that 
male sex, hemodialysis, RCA location, and ACS were 
significantly associated with MACEs, whereas diabetes, 
hemodialysis, and ACS were significantly associated with 
all-cause death, and hemodialysis and RCA location were 
significantly associated with TLR. A younger age, male 
sex, and ISR lesions were not associated with TLR after 
multivariate analysis. These results suggest that both 
hemodialysis and RCA location are strong predictors of 
poor outcomes after PCI for CNs (Figure 2). CNs not in 
the RCA in cases without hemodialysis had significantly 
better clinical outcomes than those in the RCA with 
hemodialysis (MACE, P<0.0001; all-cause death, P=0.032; 
TLR, P<0.0001).

Table 2. Results of Univariate and Multivariate Analyses of Factors Affecting All-Cause Death- and TLR-Free Survival in 167 
Patients With Calcified Nodules

Univariate Multivariate

HR 95% CI P value HR 95% CI P value

MACE

  Patient age 0.971 0.949–0.994 0.013

  Male sex 2.574 1.350–4.907 0.004 2.239 1.155–4.341 0.017

  Diabetes 2.001 1.221–3.281 0.006

  Hemodialysis 3.930 2.438–6.336 0.000 3.272 2.000–5.351 0.000

  RCA location 1.457 0.867–2.449 0.155 1.849 1.101–3.106 0.020

  ACS 1.542 0.950–2.504 0.080 2.080 1.245–3.475 0.005

  In-stent restenosis 1.405 0.823–2.410 0.212

All-cause death

  Patient age 0.986 0.947–1.026 0.485

  Male sex 3.178 0.946–10.67 0.614

  Diabetes 3.846 1.434–10.31 0.007 3.187 1.152–8.821 0.026

  Hemodialysis 7.807 3.192–19.09 0.000 6.766 2.683–17.06 0.000

  RCA location 0.596 0.268–1.328 0.205

  ACS 1.877 0.798–4.414 0.149 2.494 1.015–6.129 0.046

  In-stent restenosis 0.577 0.172–1.935 0.373

TLR

  Patient age 0.964 0.937–0.991 0.010

  Male sex 2.344 1.091–5.035 0.029

  Diabetes 1.508 0.838–2.715 0.171

  Hemodialysis 2.825 1.563–5.106 0.001 3.149 1.739–5.701 0.000

  RCA location 2.738 1.277–5.872 0.010 3.093 1.437–6.655 0.004

  ACS 1.398 0.775–2.525 0.266

  In-stent restenosis 1.978 1.066–3.668 0.031

ACS, acute coronary syndrome; CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular event; RCA, right coronary 
artery; TLR, target lesion revascularization.
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DES implantation was associated with restenosis (data not 
shown). Among 29 patients with restenosis, 8 (27.6%) pre-
sented with ACS, with all 8 having been treated with a 
DES. In contrast, among 18 patients without DES implan-
tation, 3 (17%) developed restenosis, but none of them 
presented with ACS (1 had stable effort angina and 2 had 
silent myocardial ischemia). These results suggest that 
DES implantation may not be mandatory to prevent reste-
nosis or ACS in PCI of CNs.

Discussion
The major findings of this study were that: (1) CNs were 
observed in 3.1% of patients who underwent PCI; (2) both 
hemodialysis and RCA location were strong predictors of 
poor outcomes after PCI for CN; and (3) restenosis was 

tes, RCA location, severe stenosis, lesion tortuosity, and 
not using RA were significantly associated with restenosis 
(P<0.05). Although rates of male sex, hemodialysis, a his-
tory of PCI, and DES implantation tended to be higher in 
the restenosis than non-restenosis group, no significant 
differences were noted. Multivariate analysis with logistic 
regression including age, diabetes, RCA location, severe 
stenosis, lesion tortuosity, RA, hemodialysis, and DES 
revealed that hemodialysis, diabetes, RCA location, and 
not using RA were independent predictors of restenosis 
(Table 4). The area under the curve in ROC analysis was 
0.778 (95% confidence interval 0.677–0.878).

Among the 73 cases of DES implantation, neither stent 
brand, stent size, stent length, minimum stent area (MSA), 
MSA/RLA, nor SEI was associated with restenosis (Table 5). 
Among 52 cases of PCI with RA, neither burr size nor 

Figure 2.  Survival curves for freedom from (A) major adverse cardiovascular events (MACEs), (B) all-cause death, and (C) target 
lesion revascularization (TLR) stratified by hemodialysis (HD) and right coronary artery (RCA) location.
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evaluate heavily calcified lesions requiring RA in 264 
patients, Morofuji et al identified CNs in 128 lesions 
(48.5%).8 In the present study, in which every PCI lesion 
was included (regardless of ACS or ISR) but non-target 
lesions were excluded, the prevalence of CNs was 3.1%. 
CNs should not to be confused with nodular calcification, 
which does not have fibrous cap disruption or luminal 
thrombus.18 Variations in the prevalence of CNs among 
studies may be explained, in part, by differences in the 
definition of CN. In the present study, CNs were defined 
as superficial calcified plaques with protruding nodular 
calcium and an attached thrombus on OCT/OFDI7 or a 
convex shape of the luminal side of calcium with an irregu-
lar surface on IVUS,8,13 and cases of nodular calcification 
with a smooth luminal surface were excluded.

In the present study, we demonstrated that both hemo-
dialysis and RCA location were strong predictors of poor 
outcomes after PCI for CNs. As shown in Figure 2, non-

significantly associated with hemodialysis, diabetes, RCA 
location, and not using RA.

The prevalence of CNs has varied among studies. CNs 
are pathologically defined as lesions with fibrous cap dis-
ruption and luminal thrombus associated with eruptive, 
dense, calcific nodules.1 CNs are considered the least fre-
quent cause of ACS, compared with plaque rupture and 
plaque erosion. Indeed, using OCT to identify culprit 
lesion morphologies among 417 ACS patients, Kobayashi 
et al reported that the prevalence of CN, plaque rupture, 
and plaque erosion was 6%, 45%, and 41%, respectively.7 
However, using IVUS to investigate non-culprit segments 
of coronary arteries in 697 ACS patients. Xu et al reported 
that the prevalence of CNs was 17% per artery and 30% 
per patient,3 suggesting that CNs may be more prevalent 
than previously recognized. Using OCT to evaluate 124 
ISR lesions, Isodono et al reported that CN-like ISR was 
observed in 11 cases (9%).17 Furthermore, using IVUS to 

Table 3. Clinical Characteristics of 91 Patients With De Novo Calcified Nodules

Overall
Restenosis

No Yes P value

No. patients 91 62 29

Age (years) 74.1±9.7 75.5±9.6 71.1±9.5 0.044

Male sex 63 (69.2) 39 (62.9) 24 (82.8) 0.087

Hypertension 78 (85.7) 53 (85.5) 25 (86.2) 1

Diabetes 42 (46.2) 23 (37.1) 19 (65.5) 0.014

Dyslipidemia 64 (70.3) 47 (75.8) 17 (58.6) 0.139

Hemodialysis 23 (25.3) 12 (19.4) 11 (37.9) 0.072

Prior PCI 38 (41.8) 22 (35.5) 16 (55.2) 0.11　　
Prior CABG 4 (4.4) 4 (6.5) 0 (0.0) 0.302

Lesion location (RCA/LMT-LAD/LCX) 53/34/4 31/28/3 22/6/1 0.048

Multivessel disease 72 (79.1) 49 (79.0) 23 (79.3) 1

ACS 49 (53.8) 33 (53.2) 16 (55.2) 1

Lesion characteristics

  ≥99% stenosis 38 (41.8) 21 (33.9) 17 (58.6) 0.039

  Tortuous 53 (58.2) 31 (50.0) 22 (75.9) 0.024

  Mild/moderate/severe calcification (n) 8/23/60 7/18/37 1/5/23 0.217

Treatment strategy

  Rotational atherectomy 52 (57.1) 41 (66.1) 11 (37.9) 0.014

  Scoring balloon 37 (40.7) 25 (40.3) 12 (41.4) 1

  Drug-eluting stent 73 (80.2) 47 (75.8) 26 (89.7) 0.162

  Drug-coated balloon 12 (13.2) 10 (16.1) 2 (6.9) 0.325

  ELCA 2 (2.2) 1 (1.6) 1 (3.4) 0.538

Unless indicated otherwise, data are given as the mean ± SD or n (%). ACS, acute coronary syndrome; CABG, coro-
nary artery bypass grafting; ELCA, excimer laser coronary angioplasty; LAD, left anterior descending artery; LCX, left 
circumflex artery; LMT, left main trunk; PCI, percutaneous coronary intervention; RCA, right coronary artery.

Table 4. Results of a Multivariate Analysis Concerning the Association With Restenosis in 91 De Novo 
Calcified Nodules

Factor OR 95% CI P value

Intercept 0.133 0.033–0.528 0.004

Hemodialysis 3.520 1.000–12.40 0.049

Diabetes 3.330 1.170–9.490 0.024

Right coronary artery 4.290 1.240–14.90 0.022

Rotational atherectomy 0.291 0.103–0.823 0.020

CI, confidence interval; OR, odds ratio.
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CNs.7 However, Morofuji et al reported that although a 
greater MSA was achieved in the CN group with frequent 
use of a larger burr and stent, TLR and stent thrombosis 
occurred more frequently.8 In the present study, neither 
stent brand, stent size, stent length, MSA, MSA/RLA, nor 
SEI was associated with restenosis, due, in part, to the fact 
that RA and imaging modalities are aggressively used at 
Saiseikai Fukuoka General Hospital to avoid stent under-
expansion. Therefore, there must be some other reason 
besides stent underexpansion to explain the poor clinical 
outcomes after PCI for CNs.

We demonstrated that not using RA was an indepen-
dent predictor of restenosis after PCI for CNs. Although 
the precise mechanisms underlying the benefit of RA for 
lesions with CNs were unclear, debulking of the CN itself 
rather than lesion expansion may be important when treating 
CNs. Furthermore, the need for DES implantation was 
not validated in the present study. The use of DES was not 
associated with a reduced TLR, and a DES had been 
implanted in all 8 patients who developed ACS after PCI. 
In addition, once ISR occurs after PCI, the presence of a 
DES may complicate the treatment strategy by limiting 
aggressive debulking and luminal expansion. Recently, 
Nagai et al reported findings suggesting that stent-less PCI 
with RA and a DCB may be an effective option for managing 
complex calcified lesions, regardless of the presence of 
CNs.10 Similarly, based on the findings of the present 
study, we propose that stent-less PCI with RA and a DCB 
may be a feasible option for treating lesions with CNs.

RCA CNs in patients not on hemodialysis had signifi-
cantly better clinical outcomes than CNs in the RCA in 
patients undergoing hemodialysis. Because most non-RCA 
CNs in the present study were in the LCA, except for 1 
lesion in the SVG, CNs in the LCA seem to have a better 
prognosis than those in the RCA. Although the presence 
of CNs in target lesions has been shown to be associated 
with unfavorable clinical outcomes after PCI,7,8 the clinical 
significance of CNs may not be the same, differing depend-
ing on patient or lesion characteristics.

CNs are typically observed in the proximal to mid-portions 
of a highly calcified tortuous RCA with a hard bending 
motion.4 In addition, some CNs are found predominantly 
in the bifurcating regions of the LMT, tending to show 
large necrotic core volumes.19 Morofuji et al reported that 
an RCA lesion was an independent risk factor for MACEs 
in patients with heavily calcified lesions requiring RA, in 
addition to CNs, ostial lesions, a reduced left ventricular 
ejection fraction, and hemodialysis.8 Isodono et al reported 
that ISR CNs were predominantly observed in the RCA 
(9/11),17 as in the present study (30/33), which may also 
support the hypothesis that CNs in the RCA are a strong 
predictor of TLR after PCI.

Stent underexpansion has been considered a predictor of 
stent failure, including TLR and stent thrombosis, espe-
cially in cases with heavily calcified lesions.20 Indeed, 
Kobayashi et al reported that vessel size and a post-stent 
minimum lumen area were smaller in ACS patients with 
than without CNs at the culprit lesion, which may be one 
reason for the increased incidence of TLR in lesions with 

Table 5. Clinical Characteristics of 73 Patients With Stent Implantation

Overall
Restenosis

No Yes P value

No. patients 73 47 26

Age (years) 73.7±10.1 75.2±10.2 71.1±9.5　　 0.101

Male sex 49 (67.1) 27 (57.4) 22 (84.6) 0.021

Hypertension 63 (86.3) 41 (87.2) 22 (84.6) 0.737

Diabetes 32 (43.8) 16 (34.0) 16 (61.5) 0.029

Dyslipidemia 54 (74.0) 39 (83.0) 15 (57.7) 0.026

Hemodialysis 18 (24.7)   8 (17.0) 10 (38.5) 0.052

Prior PCI 30 (41.1) 15 (31.9) 15 (57.7) 0.047

Prior CABG 1 (1.4) 1 (2.1) 0 (0.0) 1

Lesion location (RCA/LMT-LAD/LCX) 43/27/3 23/22/2 20/5/1 0.038

Multivessel disease 59 (80.8) 37 (78.7) 22 (84.6) 0.758

ACS 37 (50.7) 22 (46.8) 15 (57.7) 0.465

Lesion characteristics

  ≥99% stenosis 30 (41.1) 16 (34.0) 14 (53.8) 0.137

  Tortuous 45 (61.6) 26 (55.3) 19 (73.1) 0.209

  Mild/moderate/severe calcification (n) 6/18/49 6/14/27 0/4/22 0.042

Rotational atherectomy 35 (47.9) 26 (55.3)   9 (34.6) 0.142

Drug eluting stent

  Stent size (mm) 3.14±0.37 3.13±0.38 3.16±0.38 0.742

  Stent length (mm) 40.2±18.9 40.9±18.6 39.0±19.8 0.688

  RLA (mm2) 7.41±2.73 7.32±2.70 7.58±2.85 0.706

  MSA (mm2) 6.46±2.37 6.30±2.24 6.77±2.65 0.448

  MSA/RLA 0.88±0.13 0.88±0.13 0.87±0.13 0.855

  Stent eccentricity index 0.78±0.10 0.79±0.10 0.75±0.10 0.088

Data given as mean ± SD or numbers (%) unless otherwise mentioned. MSA, minimum stent area; RLA, reference 
lumen area. Other abbreviations as in Table 3.
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angiography in 1155 lesions. Circulation 1995; 91: 1959 – 1965.
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Bezerra HG, et al. Consensus standards for acquisition, measure-
ment, and reporting of intravascular optical coherence tomogra-
phy studies: A report from the International Working Group for 
Intravascular Optical Coherence Tomography Standardization 
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13. Lee JB, Mintz GS, Lisauskas JB, Biro SG, Pu J, Sum ST, et al. 
Histopathologic validation of the intravascular ultrasound diag-
nosis of calcified coronary artery nodules. Am J Cardiol 2011; 
108: 1547 – 1551.

14. Otake H, Shite J, Ako J, Shinke T, Tanino Y, Ogasawara D, et 
al. Local determinants of thrombus formation following siroli-
mus-eluting stent implantation assessed by optical coherence 
tomography. JACC Cardiovasc Interv 2009; 2: 459 – 466.

15. Kanda Y. Investigation of the freely available easy-to-use soft-
ware “EZR” for medical statistics. Bone Marrow Transplant 
2013; 48: 452 – 458.

16. Yamamoto K, Natsuaki M, Serikawa T, Okabe M, Yamamoto 
Y. Nodular calcification in saphenous vein graft successfully 
treated by percutaneous coronary intervention. Case Rep Cardiol 
2018; 2018: 5138705.

17. Isodono K, Fujii K, Fujimoto T, Kasahara T, Ariyoshi M, Irie 
D, et al. The frequency and clinical characteristics of in-stent 
restenosis due to calcified nodule development after coronary 
stent implantation. Int J Cardiovasc Imaging 2021; 37: 15 – 23.

18. Yahagi K, Kolodgie FD, Otsuka F, Finn AV, Davis HR, Joner 
M, et al. Pathophysiology of native coronary, vein graft, and 
in-stent atherosclerosis. Nat Rev Cardiol 2016; 13: 79 – 98.

19. Torii S, Sato Y, Otsuka F, Kolodgie FD, Jinnouchi H, Sakamoto 
A, et al. Eruptive calcified nodules as a potential mechanism of 
acute coronary thrombosis and sudden death. J Am Coll Cardiol 
2021; 77: 1599 – 1611.

20. Honda Y, Fitzgerald PJ. Stent expansion as a mechanical param-
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Cardiovasc Interv 2009; 2: 1276 – 1278.

Study Limitations
Several limitations warrant mention in the present study. 
First, because this study was a single-center retrospective 
observational study, the results are not definitive; instead, 
they are hypothesis generating. The clinical significance of 
the CN location and optimal PCI strategy with RA and a 
DES or DCB should be further investigated in future stud-
ies. Second, imaging data from the present study were 
obtained by either IVUS or OCT/OFDI at the discretion 
of the individual PCI operators. Differences in the diagnos-
tic accuracy between IVUS and OCT/OFDI may not be 
negligible. Third, the present study was limited to patients 
with CN. In the absence of a control group without CNs, 
we cannot say definitively that the findings are specific to 
CNs; instead, they may be common to calcified coronary 
lesions, regardless of the presence of CNs.

Conclusions
Hemodialysis, diabetes, RCA location, and not using RA 
were strong predictors of poor outcomes after PCI for 
CNs. To reduce the rate of TLR, it may be better to use 
RA whenever possible. Because the use of a DES did not 
affect the TLR rate, stent-less PCI with RA and DCB may 
be a feasible option for treating CNs.
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