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Abstract
Aims: Few data regarding clinical outcomes according to severity of calcification in patients with coro-
nary bifurcation target lesions are available. We therefore aimed to evaluate the clinical outcomes according 
to severity of calcification in patients with coronary bifurcation target lesions after percutaneous coronary 
intervention (PCI) with drug-eluting stents (DES) using a large-scale multicentre Korean registry.

Methods and results: This prospective, multicentre, observational registry enrolled 2,897 patients under-
going PCI with DES for coronary bifurcation lesions. We compared target lesion failure (TLF), defined 
as a composite of cardiac death, non-fatal myocardial infarction (MI), and target lesion revascularisation 
(TLR), according to severity of calcification in coronary bifurcation target lesions, assessed by an angio-
graphic core laboratory using quantitative coronary angiography. Moderate or severe calcification of target 
bifurcation lesions was observed in 608 (20.9%) patients. During a median follow-up period of 36 months, 
moderate or severe calcification increased the adjusted risks of TLF (hazard ratio [HR] 1.31, 95% confi-
dence interval [CI]: 1.03-1.68, p=0.031), TLR (HR 1.36, 95% CI: 1.04-1.79, p=0.027), and revasculari-
sation (HR 1.39, 95% CI: 1.09-1.78, p=0.009). However, it was not associated with an increased risk of 
cardiac death, MI, or stent thrombosis.

Conclusions: Moderate or severe calcification of coronary bifurcation lesions is not uncommon and is 
associated with unfavourable long-term clinical outcomes, driven mainly by an increased frequency of 
repeat revascularisation.
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Calcified bifurcation lesions in PCI

Abbreviations
DES drug-eluting stent(s)
MI myocardial infarction
PCI percutaneous coronary intervention
TLF target lesion failure
TLR target lesion revascularisation
TVR target vessel revascularisation

Introduction
Percutaneous coronary intervention (PCI) for the treatment of 
coronary bifurcation lesions is a frequently performed high-risk 
procedure with a high periprocedural complication rate1. Calcified 
coronary lesions pose a challenge for PCI due to their smaller final 
lumen diameters and reduced acute lumen gain with stenting com-
pared with non-calcified lesions2. Severe calcification in native 
coronary arteries can even increase the risk of mortality in patients 
undergoing coronary artery bypass surgery3. Coronary bifurcation 
and calcified lesions are related to lower procedural success rates, 
stent underexpansion, and a greater likelihood of in-stent reste-
nosis4. Surprisingly, no study has investigated the effects of cal-
cification in coronary bifurcation target lesions after PCI in the 
era of drug-eluting stent (DES) use. Therefore, we evaluated the 
clinical outcomes according to severity of calcification in patients 
with coronary bifurcation target lesions after PCI with DES using 
a large-scale multicentre Korean registry.

Methods
The COronary BIfurcation Stent (COBIS) II registry is a retro-
spective, multicentre, observational registry designed to reflect 
real-world practice in the treatment of coronary bifurcation lesions 
with DES. A total of 2,897 patients with bifurcation lesions treated 
at 18 major PCI centres in South Korea between January 2003 
and December 2009 were enrolled. The inclusion criteria were: 
1) coronary bifurcation lesion treated with a DES only, and 2) main 
vessel diameter ≥2.5 mm and side branch diameter ≥2.3 mm. 
Exclusion criteria were: 1) cardiogenic shock or receipt of car-
diopulmonary resuscitation, and 2) protected left main disease. 
Data collection and coronary angiography and PCI methods used 
in patients included in the COBIS II registry have been described 
previously5. Briefly, all baseline and procedural cine coronary 
angiograms were reviewed and analysed at the angiographic core 
laboratory of the Cardiac and Vascular Center, Samsung Medical 
Center, Seoul, South Korea, using standard qualitative and quan-
titative methods. Bifurcation lesions were classified according 
to the Medina system6, and Medina type 1,1,1, 1,0,1 and 0,1,1 
lesions were defined as true bifurcation lesions. The ethics com-
mittees of all participating hospitals approved the study protocol, 
and all patients provided written informed consent.

A total of 2,897 patients in the COBIS II registry were divided 
into two groups according to the presence of calcified bifurcation 
target lesions: 1) no or mild calcification (N=2,289), and 2) mod-
erate or severe calcification (N=608). Moderate calcification was 
defined as radiopaque density noted only during the cardiac cycle 

and typically involving only one side of the vascular wall, and 
severe calcification was defined as radiopaque density noted with-
out cardiac motion prior to contrast injection and generally involv-
ing both sides of the arterial wall7. Patients who underwent PCI 
received 300 mg aspirin and 300 or 600 mg clopidogrel as a load-
ing dose before PCI. Doses of 50-70 U/kg unfractionated heparin 
were used before or during PCI to maintain an activated clotting 
time of 250-300 s. DES type, use of one or two stents, use of intra-
vascular ultrasound, and PCI access route were chosen at the dis-
cretion of the interventional cardiologist. After PCI, 100-300 mg 
aspirin and 75 mg clopidogrel were prescribed daily. Patients used 
the two antiplatelet medications for a minimum of six months, and 
aspirin was prescribed indefinitely. The median duration of fol-
low-up was 36 months (interquartile range, 25-52 months). The 
primary study outcome was target lesion failure (TLF), defined as 
the composite of cardiac death, spontaneous myocardial infarction 
(MI), and target lesion revascularisation (TLR). We also investi-
gated the incidence of cardiac death or MI, target vessel revas-
cularisation (TVR), repeat PCI, and stent thrombosis. All study 
outcomes were registered according to the Academic Research 
Consortium definitions8.

STATISTICAL ANALYSIS
Continuous variables are presented as means±standard deviations 
or medians and interquartile ranges and were compared using 
the unpaired t-test or the Mann-Whitney rank-sum test. Discrete 
variables are expressed as counts and percentages and were ana-
lysed with Pearson’s chi-squared test or Fisher’s exact test. We 
constructed Kaplan-Meier curves for comparison of the primary 
outcome between the two groups, and differences were assessed 
with the log-rank test. Cox proportional hazards regression with 
adjustment for covariates was used to assess clinical outcomes. 
The variables which had a p-value ≤0.05 in univariate Cox regres-
sion analysis and centre identifier (composed of 18 numerals for 
each centre) were included in the multivariate Cox regression 
analysis: lesion location (left main vs. non-left main bifurcation), 
stenting technique (one- vs. two-stent technique), side branch pre-
dilatation, diabetes mellitus, history of cerebrovascular accident, 
history of PCI, multivessel disease, use of non-compliant balloon 
after stenting, and true bifurcation. However, a proportional haz-
ards assumption test using the Schoenfeld residual method (analy-
sis by Cox regression and bivariate correlation analysis) showed 
that the proportional hazards assumption was violated; therefore, 
we performed time-dependent Cox regression analysis using the 
above-mentioned variables. All analyses were two-tailed, and all 
variables were considered significant at a value of p<0.05. All sta-
tistical analyses were performed using SPSS for Windows, Version 
21.0 (IBM Corp., Armonk, NY, USA).

Results
The baseline clinical, angiographic, and procedural character-
istics of the study participants are summarised in Table 1 and 
Table 2. Patients with moderate or severe calcification were older 



340

EuroIntervention 2
0
17;1

3
:3

3
8

-3
4

4

(61.0±10.3 vs. 66.4±9.1 years, p<0.001). Past medical history was 
comparable in the two groups, except for higher rates of diabe-
tes mellitus (27.9% vs. 33.2%, p=0.010) and chronic kidney dis-
ease (2.3% vs. 4.6%, p=0.002) in patients with moderate or severe 
calcification. Stable angina pectoris was the most common initial 
diagnosis in the moderate or severe calcification group (42.4%), 
whereas unstable angina pectoris was the most common diagno-
sis in the no or mild calcification group (38.5%). The moderate 
or severe calcification group had more distal left main bifurca-
tion lesions (26.4% vs. 40.8%), and more true bifurcation lesions 
and multivessel disease. The two-stent technique and final kiss-
ing balloon angioplasty were performed at similar frequencies in 
both groups; however, the moderate or severe calcification group 
had an increased rate of intravascular-guided PCI compared with 
the no or mild calcification group. Table 3 shows quantitative 
coronary angiographic data. The bifurcation angle was larger, and 
lesion length in the main vessel or side branch was greater, in the 
moderate or severe calcification group.

Table 1. Baseline clinical characteristics of patients according to 
severity of bifurcation target lesion calcification.

No or mild 
calcification 

N=2,289

Moderate 
or severe 
calcifica-

tion N=608

p-value

Age, yrs 61.0±10.3 66.4±9.1 <0.001

Male 1,642 (71.7) 441 (72.5) 0.697

Current smoker 597 (26.1) 136 (22.4) 0.061

Diabetes mellitus 638 (27.9) 202 (33.2) 0.010

Hypertension 1,305 (57.0) 370 (60.9) 0.088

Dyslipidaemia 708 (30.9) 198 (32.6) 0.439

Previous myocardial 
infarction 130 (5.7) 43 (7.1) 0.198

Previous PCI 315 (13.8) 99 (16.3) 0.114

Familial history of premature CAD

Previous CVA 142 (6.2) 47 (7.7) 0.175

Peripheral vascular disease 30 (1.3) 9 (1.5) 0.747

Chronic kidney disease 53 (2.3) 28 (4.6) 0.002

Clinical 
diagnosis

SAP or others* 841 (36.7) 258 (42.4)

0.007
Unstable angina 
pectoris 882 (38.5) 194 (31.9)

NSTEMI 292 (12.8) 91 (15.0)

STEMI 274 (12.0) 65 (10.7)

Laboratory 
findings

Haemoglobin, g/dL 13.6±1.8 13.2±1.9 <0.001

Serum creatinine, 
mg/dl

1.00 
(0.81-1.10)

1.00 
(0.81-1.20) 0.031

LVEF, % 58.4±11.2 57.3±12.2 0.053

Values are n (%), mean±SD, or median (25th to 75th percentile). *Others 
represent ischaemic cardiomyopathy or silent ischaemia. CAD: coronary 
artery disease; CVA: cerebrovascular accident; LVEF: left ventricular 
ejection fraction; NSTEMI: non-ST-segment elevation myocardial 
infarction; PCI: percutaneous coronary intervention; SAP: stable angina 
pectoris; STEMI: ST-segment elevation myocardial infarction

Table 2. Angiographic and procedural characteristics of patients 
according to severity of bifurcation target lesion calcification.

No or mild 
calcification 

N=2,289

Moderate 
or severe 
calcifica-

tion N=608

p-value

Location 
of 
bifurca-
tion 
lesions

Distal LM 
bifurcation 605 (26.4) 248 (40.8)

<0.001LAD/diagonal 1,231 (53.8) 320 (52.6)

LCX/OM 321 (14.0) 28 (4.6)

RCA bifurcation 132 (5.8) 12 (2.0)

Multivessel disease 1,070 (46.7) 372 (61.2) <0.001

True bifurcation 1,149 (50.2) 353 (58.1) 0.001

Transradial intervention 568 (24.8) 124 (20.4) 0.023

Use of Rotablator 3 (0.1) 2 (0.3) 0.296

Use of non-compliant balloon 532 (23.2) 133 (21.9) 0.476

Use of cutting balloon 9 (0.4) 2 (0.3) 0.819

IVUS-guided PCI 866 (37.8) 257 (42.3) 0.046

Side branch predilatation 765 (33.4) 210 (34.5) 0.604

Side branch occlusion during 
PCI 160 (7.0) 52 (8.6) 0.188

Stenting 
tech-
niques

One-stent 
technique 1,695 (74.1) 431 (71.5)

0.320

T-stenting 213 (9.3) 64 (10.6)

Crush 65 (2.8) 14 (2.3)

Mini crush 228 (10.0) 62 (10.3)

Culotte 17 (0.7) 4 (0.7)

Kissing or 
V-stenting 68 (3.0) 28 (4.6)

No. of stents 1.35±0.60 1.38±0.64 0.273

Drug-
eluting 
stents

Sirolimus-eluting 
stent 1,111 (48.5) 303 (49.8)

0.631

Paclitaxel-eluting 
stent 620 (27.1) 155 (25.5)

Everolimus-eluting 
stent 268 (11.7) 80 (13.2)

Zotarolimus-eluting 
stent 251 (11.0) 58 (9.5)

Other drug-eluting 
stents 39 (1.7) 12 (2.0)

Remote site intervention 602 (26.3) 197 (32.4) 0.003

Final kissing balloon 
angioplasty 1,056 (46.1) 293 (48.2) 0.366

Values are n (%) or mean±SD. IVUS: intravascular ultrasound; LAD: left 
anterior descending; LCX: left circumflex artery; LM: left main; 
OM: obtuse marginal; PCI: percutaneous coronary intervention; 
RCA: right coronary artery

During the three-year follow-up period, the primary endpoint 
occurred in 218 (9.5%) patients in the no or mild calcification 
group and in 78 (12.8%) patients in the moderate or severe calcifi-
cation group (Table 4). The presence of moderate or severe calci-
fication in bifurcation target lesions increased the three-year risks 
of TLF (adjusted hazard ratio [HR] 1.31, 95% confidence inter-
val [CI]: 1.03-1.68, p=0.031), TLR (adjusted HR 1.36, 95% CI: 
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1.04-1.79, p=0.027), TVR (adjusted HR 1.58, 95% CI: 1.20-2.07, 
p=0.001), and repeat PCI (adjusted HR 1.39, 95% CI: 1.09-1.78, 
p=0.009). However, it was not associated with the occurrence of 
cardiac death, non-fatal MI, or definite or probable stent throm-
bosis. Kaplan-Meier estimates for TLF, cardiac death or MI, TLR, 
and repeat PCI are shown in Figure 1. Other independent predic-
tors of TLF were (data not shown): use of the two-stent technique 
(HR 1.70, 95% CI: 1.28-2.26, p<0.001), history of cerebrovascu-
lar accident (HR 1.57, 95% CI: 1.07-2.31, p=0.021), and chronic 
kidney disease (HR 1.93, 95% CI: 1.16-3.21, p=0.012). However, 
the use of a non-compliant balloon after stenting was a protective 
factor for TLF occurrence (HR 0.65, 95% CI: 0.48-0.87, p=0.005). 
We also investigated the clinical correlates of moderate or severe 
bifurcation calcifications using logistic regression. Male gender 
(odds ratio [OR] 1.33, 95% CI: 1.07-1.66, p=0.010), old age (OR 
2.37, 95% CI: 1.96-2.87, p<0.001), non-acute coronary syndrome 
(OR 1.31, 95% CI: 1.09-1.58, p=0.005) and history of chronic kid-
ney disease (OR 1.73, 95% CI: 1.06-2.81, p=0.028) were correlates 
of moderate or severe bifurcation calcification. Variables associ-
ated with other endpoints were as follows (data not shown). Left 
main target lesion and chronic kidney disease were predictors of 
increased cardiac death or MI. TLR was associated with the two-
stent technique, diabetes mellitus and a history of cerebrovascular 
accident, and repeat PCI were related to left main target lesion, 
the two-stent technique, diabetes mellitus and multivessel disease.

To determine whether the outcomes according to calcification 
grade observed in the entire study population were consistent, 
we performed subgroup analyses for TLF in various subgroups 
(Figure 2). Results showed that moderate or severe calcification 
was associated more with increased TLF in the non-elderly (age 
<65 years), males, those without diabetes, those without acute 
coronary syndrome, those who did not receive intravascular ultra-
sound-guided PCI, those who received the one-stent technique, 
those treated with first-generation DES, those who did not receive 
final kissing balloon angioplasty, those with main vessel ostium 
residual stenosis (%) <median value, and those with side branch 

Table 3. Quantitative coronary angiographic analysis.

No or mild 
calcification 

N=2,289

Moderate or 
severe 

calcification 
N=608

p-value

Bifurcation angle, ° 58.8 (45.5 to 76.0) 62.7 (47.8 to 81.2) <0.001

Pre-intervention
MV lesion length, mm 15.1 (9.3 to 23.7) 19.4 (12.1 to 28.6) <0.001

SB lesion length, mm 2.3 (0.0 to 7.4) 4.1 (0.0 to 11.1) <0.001

MV RD, mm 2.7 (2.4 to 3.0) 2.6 (2.4 to 2.9) <0.001

SB RD, mm 2.4 (2.3 to 2.7) 2.4 (2.3 to 2.8) 0.176

MV ostial MLD, mm 1.3 (0.9 to 1.8) 1.3 (0.9 to 1.8) 0.243

MV distal MLD, mm 1.8 (1.2 to 2.4) 1.5 (1.0 to 2.2) <0.001

SB ostial MLD, mm 1.4 (0.9 to 1.9) 1.3 (0.9 to 1.9) 0.140

SB distal MLD, mm 1.9 (1.5 to 2.4) 1.8 (1.2 to 2.3) <0.001

MV ostial diameter stenosis, % 52.6 (32.1 to 65.5) 51.9 (32.9 to 65.9) 0.951

MV distal diameter stenosis, % 27.2 (5.1 to 51.7) 39.3 (14.8 to 60.4) <0.001

SB ostial diameter stenosis, % 42.5 (22.4 to 59.9) 47.4 (24.5 to 63.4) 0.030

SB distal diameter stenosis, % 20.7 (7.4 to 39.6) 29.1 (10.3 to 50.8) <0.001

Post-intervention
MV acute gain (ostium), mm 1.5 (0.9 to 1.9) 1.4 (0.9 to 1.9) 0.629

MV acute gain (distal), mm 0.9 (0.4 to 1.5) 1.1 (0.6 to 1.6) <0.001

SB acute gain (ostium), mm 0.1 (–0.2 to 0.9) 0.2 (–0.2 to 0.9) 0.293

SB acute gain (distal), mm 0.1 (–0.1 to 0.5) 0.1 (–0.0 to 0.6) 0.006

MV RD, mm 2.7 (2.5 to 3.1) 2.7 (2.4 to 2.9) 0.027

SB RD, mm 2.4 (2.3 to 3.2) 2.4 (2.3 to 2.8) 0.225

MV ostial MLD, mm 2.8 (2.5 to 3.2) 2.8 (2.5 to 3.1) 0.018

MV distal MLD, mm 2.8 (2.5 to 3.1) 2.7 (2.4 to 3.0) <0.001

SB ostial MLD, mm 1.9 (1.3 to 2.4) 1.9 (1.2 to 2.4) 0.809

SB distal MLD, mm 2.2 (1.8 to 2.4) 2.1 (1.6 to 2.5) 0.048

MV ostial residual stenosis, % –1.3 (–11.6 to 7.2) –1.1 (–7.6 to 7.9) 0.734

MV distal residual stenosis, % 0.0 (–8.5 to 7.4) 0.8 (–7.6 to 7.9) 0.667

SB ostial residual stenosis, % 25.9 (8.1 to 46.5) 26.9 (8.0 to 50.4) 0.156

SB distal residual stenosis, % 11.4 (1.7 to 25.9) 13.9 (1.8 to 33.2) <0.001

Values are median (25th to 75th percentile). MLD: minimum luminal diameter; MV: main 
vessel; RD: reference diameter; SB: side branch

Table 4. Three-year clinical outcomes according to severity of bifurcation target lesion calcification.

No or mild calcification 
N=2,289

Moderate or severe 
calcification N=608

p-value
Unadjusted HR 

(95% CI)
p-value

Adjusted HR 
(95% CI)

p-value

Target lesion failure 218 (9.5) 78 (12.8) 0.017 1.43 (1.10-1.85) 0.007 1.31 (1.03-1.68) 0.031

Cardiac death 30 (1.3) 12 (2.0) 0.224 1.57 (0.81-3.07) 0.185 1.25 (0.63-2.47) 0.525

Non-fatal MI 40 (1.7) 13 (2.1) 0.523 1.29 (0.69-2.41) 0.430 1.13 (0.59-2.13) 0.711

Cardiac death or MI 65 (2.8) 25 (4.1) 0.108 1.52 (0.96-2.41) 0.076 1.26 (0.79-2.02) 0.336

Target lesion 
revascularisation 172 (7.5) 58 (9.5) 0.101 1.35 (1.00-1.82) 0.050 1.36 (1.04-1.79) 0.027

Target vessel 
revascularisation 230 (10.0) 80 (13.2) 0.027 1.39 (1.08-1.79) 0.011 1.58 (1.20-2.07) 0.001

Any repeat PCI 314 (13.7) 104 (17.1) 0.035 1.36 (1.09-1.69) 0.006 1.39 (1.09-1.78) 0.009

Definite or probable 
stent thrombosis 20 (0.9) 7 (1.2) 0.527 1.37 (0.58-3.24) 0.476 1.11 (0.47-2.67) 0.809

Values are n (%). CI: confidence interval; HR: hazard ratio; MI: myocardial infarction; PCI: percutaneous coronary intervention
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Figure 1. Kaplan-Meier estimates for TLF, cardiac death or MI, TLR and any repeat PCI. The rate of target lesion failure (A), cardiac death 
or MI (B), TLR (C), and any repeat PCI (D) between no or mild calcification and moderate or severe calcification. MI: myocardial infarction; 
PCI: percutaneous coronary intervention; TLF: target lesion failure; TLR: target lesion revascularisation

Event No. / Patient No.
Moderate or No or  mild p HR

severe calcification calcification (95% Cl) p-value for interaction

Age ≥65 years 40/369 (10.8%) 92/906 (10.2%) 0.601 1.10 (0.76-1.60) 0.681
Age <65 years 38/239 (15.9%) 126/1,383 (9.1%) 0.001 1.87 (1.29-2.68)

Male 58/441 (13.2%) 163/1,642 (9.9%) 0.018 1.44 (1.06-1.94) 0.128
Female 20/167 (12.0%) 55/647 (8.5%) 0.194 1.40 (0.84-2.34)

Diabetes 27/202 (13.4%) 77/638 (12.1%) 0.576 1.13 (0.73-1.76) 0.127
Non-diabetes 51/406 (12.6%) 141/1,651 (8.5%) 0.005 1.58 (1.15-2.18)

ACS 45/350 (12.9%) 143/1,448 (9.9%) 0.063 1.37 (0.98-1.92) 0.083
Non-ACS 33/258 (12.8%) 75/841 (8.9%) 0.034 1.56 (1.03-2.35)

Left main 39/248 (15.7%) 75/605 (12.4%) 0.081 1.41 (0.96-1.88) 0.053
Non-left main 39/360 (10.8%) 143/1,684 (8.5%) 0.115 1.33 (0.93-1.89)

IVUS 34/257 (13.2%) 90/866 (10.4%) 0.122 1.37 (0.92-1.83) 0.096
Non-lVUS 44/351 (12.5%) 128/1,423 (9.0%) 0.027 1.47 (1.04-2.07)

Two-stent 32/177 (18.1%) 93/593 (15.7%) 0.331 1.22 (0.82-1.82) 0.121
One-stent 46/431 (10.7%) 125/1,696 (7.4%) 0.012 1.54 (1.10-2.17)

2nd-gen DES 16/138 (11.6%) 36/519 (6.9%) 0.051 1.80 (0.99-3.30) 0.585
1st-gen DES 62/470 (13.2%) 182/1,770 (10.3%) 0.038 1.36 (1.02-1.82)

FKA 37/293 (12.6%) 111/1,056 (10.5%) 0.191 1.28 (0.88-1.86) 0.139
Non-FKA 41/315 (13.0%) 107/1,233 (8.7%) 0.011 1.59 (1.11-2.28)

MVRS ≥median 38/308 (12.3%) 103/1,138 (9.1%) 0.062 1.43 (0.98-2.07) 0.152
MVRS <median 40/300 (13.3%) 115/1,151 (10.0%) 0.042 1.45 (1.01-2.08)

SBRS ≥median 38/310 (12.3%) 90/1,124 (8.0%) 0.013 1.62 (1.11-2.36) 0.108
SBRS <median 40/298 (13.4%) 128/1,165 (11.0%) 0.159 1.29 (0.91-1.84)

1.0 2.0 3.0
Hazard ratio (95% CI)

Figure 2. Estimated hazard ratios of TLF for various subgroups. ACS: acute coronary syndrome; DES: drug-eluting stent; FKA: final kissing 
balloon angioplasty; IVUS: intravascular ultrasound; MVRS: main vessel ostium residual stenosis; SBRS: side branch ostium residual stenosis
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ostium residual stenosis (%) ≥median value. There were no signi-
ficant interactions in all subgroup analyses.

Discussion
The current study results show that moderate or severe calcifica-
tion in coronary bifurcation target lesions was associated with an 
increased three-year risk of TLF after PCI with DES compared 
with no or mild calcification. This effect was driven mainly by an 
increased incidence of TLR, TVR, and repeat PCI. To our know-
ledge, the current study is the first to investigate the impact of 
calcified bifurcation target lesions on clinical outcome after PCI 
with DES. Coronary artery calcification is an advanced stage in 
the atherosclerotic process whereby a soft plaque is converted to 
a fibrocalcified plaque, causing higher rates of procedural failure 
and stent underexpansion, smaller post-procedural minimal lumen 
diameters, less acute gain, and increased chance of in-stent resteno-
sis9. Although the restenosis rate has been reduced markedly by the 
use of the most recent DES, calcified lesions continue to pose chal-
lenges for interventional cardiologists. Coronary bifurcation lesions 
also pose a major problem in terms of optimal PCI results. In addi-
tion to higher periprocedural complication and restenosis rates, side 
branch occlusion can occur during bifurcation interventions and 
increase the incidence of major adverse cardiac events5. Therefore, 
we evaluated the impact in these two high-risk lesion subsets using 
a large-scale multicentre registry, specifically data on PCI using DES.

We found that the TLF rate was higher in the moderate or 
severe calcification group in terms of a higher repeat PCI rate, 
including TLR and TVR. Although the incidence of TLR in the 
current study (7.5% in the no or mild group and 9.5% in the 
moderate or severe group) was similar to that in previous stud-
ies which mainly enrolled patients who received PCI using first-
generation DES, our results are promising, considering the use of 
the bifurcation PCI registry and the long-term follow-up period in 
our study10,11. In a recent study investigating the clinical impact of 
calcified lesions in patients with acute coronary syndrome, mod-
erate or severe coronary calcification increased the risk of TLR, 
as well as that of cardiac death and stent thrombosis7. Another 
recent study by Lee et al showed that moderate or severe coronary 
artery calcification was associated with increased major adverse 
cardiac events including death compared to no or mild calcifica-
tion; their results are different from our current study12. The inci-
dence of cardiac death or non-fatal MI and definite/probable stent 
thrombosis was comparable in our study despite the prevalent use 
of first-generation DES, regardless of calcification grade. Another 
large-scale study which included seven stent trials also showed 
that patients with severe coronary target lesion calcification had 
worse clinical outcomes compared to those without severe coro-
nary calcification13. Coronary bifurcation lesions themselves were 
not associated with increased rates of cardiac death, stent throm-
bosis, or TVR in patients with ST-elevation myocardial infarction1.

Despite the use of specific devices such as orbital or rota-
tional atherectomy devices and dedicated bifurcation stents, cal-
cified bifurcation lesions are still obstacles for interventional 

cardiologists. Although some studies showed promising results of 
new devices for the treatment of calcified bifurcation lesions14,15, 
medical therapies such as statins, calcium channel blockers, and 
vitamins for reducing coronary artery calcium progression have 
shown inconsistent results16. Therefore, further large-scale ran-
domised trials are needed to confirm the efficacy of new devices 
or medical therapies for calcified bifurcation lesions.

Study limitations
The limitations of our study include the physicians’ selection of 
stent type. Although all patients in our registry underwent PCI 
using DES, many were treated with first-generation DES, which 
are inferior to second-generation DES. In addition, target lesion 
calcification is classified dichotomously (none or mild vs. mod-
erate or severe) in the COBIS II registry. The COBIS II registry 
is not a coronary calcification registry, but a bifurcation registry. 
Therefore, information on coronary calcification was not classified 
in detail. The low number of single endpoint events (per sample 
size) such as cardiac death and non-fatal MI might also make the 
findings on hard endpoints underpowered. Another limitation is 
the risk of selection and confounding bias due to the study design. 
Patients with complex lesions and those who experienced peripro-
cedural complications may have been excluded from the study. 
The pattern of TLF occurrence in the Kaplan-Meier curve is also 
problematic. Although the one-year landmark analysis by crude 
analysis showed a higher incidence of TLF in the moderate-severe 
calcification group (130 [5.7%] vs. 50 [8.2%], p=0.021), Kaplan-
Meier analysis showed a similar TLF rate at one year between 
the no-mild and moderate-severe calcification groups (log-rank 
p=0.132). These results might be related to TLR outcome and 
therefore a further randomised trial is needed. Finally, the retro-
spective design, and post hoc nature of our study resulted in differ-
ences in baseline clinical and angiographic findings between the 
groups. Given the limitations exposed above, the present analysis 
has to be considered hypothesis-generating.

Conclusions
Moderate or severe calcification of coronary bifurcation lesions 
was not uncommon (20.9%) in a large-scale real-world multicentre 
registry. It was associated with an unfavourable long-term clinical 
outcome, driven mainly by an increased frequency of repeat PCI 
procedures. Furthermore, a complex stenting procedure increased 
the risk of stent failure in these high-risk lesions.

Impact on daily practice
The present study showed that moderate or severe calcification 
in coronary bifurcation lesions is not uncommon in a real-world 
setting. Moreover, it increases the risk of stent failure in terms 
of an increased incidence of TLR, TVR, and repeat PCI pro-
cedures after PCI with DES compared with lesions with no or 
mild calcification. These findings suggest the need for improved 
PCI technology and devices.
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