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Background: Although previously reported studies on coronary calcification mainly focused on its presence
or absence in discrete focal target lesions, calcified coronary lesions (CCL) angiographically present as diffuse
long lesions in some patients. The aim of our study was to evaluate the long-term efficacy of sirolimus-eluting
stents (SES) and paclitaxel-eluting stents (PES) on long CCL.
Methods: A total of 122 patients with 134 lesions (77 patients with 88 lesions for SES and 45 patients with 46
lesions for PES) were enrolled from 3 centers. Long CCL was defined visually as a culprit lesion with type B or
C that was mainly due to coronary calcification with >20 mm in total length by coronary angiography. Clinical
follow-upwas performed at 1 year and angiographic follow-up at 6 to 9 months after procedure. Major adverse
coronary events (MACE) were defined as all-cause death, myocardial infarction (MI), and repeat target-lesion
revascularization (TLR).
Results: There were no statistically significant differences in baseline, procedural, or angiographic character-
istics and in 1-year rates of all-cause death, MI, and TLR between the 2 groups (all P = NS [not significant]).
Likewise, the cumulative incidence ofMACE at 1 year was similar between the 2 groups (7.8% of patients in the
SES group vs 4.4% of patients in the PES group, respectively, P = NS). In patients who underwent follow-up
angiography, the angiographic binary restenosis rate was 6.2% in the SES group vs 12.1% in the PES group,
respectively (P = NS).
Conclusion: In patients with long CCL, both SES and PES were comparably effective in either angiographic or
clinical long-term outcomes.

Introduction
Several studies have demonstrated that calcified coronary
lesion (CCL) is a predictor of restenosis or target-lesion
revascularization (TLR) following bare-metal stent (BMS)
implantation,1,2 most likely because the structure and
rigidity of this lesion often adversely affects interventional
device delivery or deployment and sometimes causes
complications.

Drug-eluting stents (DES) have been used widely as
a highly efficacious treatment for patients with coronary
artery disease through neointimal hyperplasia inhibition
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and in-stent restenosis (ISR) reduction.3,4 Furthermore,
several clinical trials have shown that DES are effective
for patients with high-risk lesions or clinical conditions
such as calcified lesions, left main coronary artery disease,
multivessel disease, and diabetes.5,6

Calcified coronary lesions are now being routinely
treated with DES, namely with sirolimus-eluting stents
(SES) or paclitaxel-eluting stents (PES). Although previ-
ously reported data regarding CCL mainly addressed its
presence or absence in discrete focal target lesions, in
some patients, CCL appear angiographically as diffuse long
lesions. Technically, long as compared to focal CCL may
be associated with increased device delivery failure rates
and with higher incidences of stent underexpansion, which
in turn may translate into less favorable clinical outcomes
at long-term follow-up. The aim of the present study was
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Clinical Investigations continued

therefore to evaluate the long-term efficacy of what is
currently the most popular DES, namely SES and PES,
on long CCL.

Methods
Study Population

Patients who met the following criteria were identified from 3
hospitals (Keimyung University Dongsan Hospital, Yeung-
nam University Hospital, and Inje University Busan Paik
Hospital) between March 2003 and July 2006: (1) de novo
coronary artery disease including long CCL; (2) predilation
with conventional balloon before stenting; (3) successful
DES implantation (SES or PES); and (4) available clinical
follow-up data by telephone or office visits and/or high-
quality quantitative coronary angiography at baseline and
follow-up. Overall, a total of 122 patients (77 SES and 45
PES recipients) were enrolled in this study. Exclusion crite-
ria included patients with left main coronary artery disease,
cardiogenic shock, chronic renal failure requiring hemodial-
ysis or peritoneal dialysis, target lesion containing focal
calcification, performing rotational atherectomy or cutting
balloon inflation before stenting, and aspirin or clopidogrel
intolerance.

Interventional Procedure

Percutaneous coronary intervention (PCI) was performed
by standard technique via femoral or radial approach. Vessel
size was determined by quantitative coronary angiogra-
phy for appropriate stent size selection. Predilation with
a conventional balloon was successfully performed to
facilitate stent passage across the lesion in all patients.
After predilation, patients received either single or multi-
ple SESs (Cypher, Cordis, Johnson & Johnson, Warren,
NJ) or PESs (Taxus, Boston Scientific, Natick, MA) with
a stent/artery diameter ratio of 1.0 to 1.1. Additional
high-pressure balloon inflation was allowed per physician
discretion. All patients provided written informed consent
prior to the procedure. Unfractionated intravenous heparin
was given at doses of 70 to 100 IU/kg to achieve an activated
clotting time of >250 seconds. Aspirin at 100 to 200 mg and
a loading dose of 300 mg clopidogrel were administered
prior to DES implantation and all patients were prescribed
aspirin (100 mg/d) indefinitely and clopidogrel (75 mg/d)
and/or cilostazol (200 mg/d) for at least 6 months.

Angiographic Analysis

All coronary angiograms were analyzed using standard def-
initions and measurements. The external diameter of the
contrast-filled catheter was used for calibration. Modified
ACC/AHA criteria were used to classify coronary lesion
morphology.7 Long CCL was defined visually as a culprit
lesion with type B or C that was mainly due to coronary
calcification (radio-dense configuration noted within the
artery wall before contrast injection in the coronary artery)

with >20 mm in total length by coronary angiography. Ref-
erence vessel diameters were measured at angiographically
normal segments proximal and distal to the lesion. Mini-
mum lumen diameter (MLD) was measured during diastole
at the tightest lumen narrowing site pre-intervention and
post-intervention, and at follow-up from multiple projec-
tions. Angiographic percent diameter stenosis was defined
as (1-MLD/reference vessel diameter) × 100. Acute gain
was calculated as the pre-intervention MLD minus the
post-intervention MLD. Late loss was calculated as the post-
intervention MLD minus the MLD at follow-up. Loss index
was calculated as late loss divided by acute gain. Residual
diameter stenosis was defined as the ratio of lesion MLD
and the averaged proximal and distal reference segment
diameters. Angiographic binary restenosis was defined as
diameter stenosis of ≥50% within the treated site at follow-
up. Multivessel disease was defined as the presence of
≥50% stenosis of the luminal diameter in more than 2 major
epicardial coronary arteries.

Clinical and Angiographic Follow-Up

Clinical follow-up was conducted by telephone or office
interview at 30 days and 12 months after the intervention,
and angiographic follow-up was performed at 6 to 9 months
after procedure. Myocardial infarction (MI) was defined
as a 2-time elevation of the upper limit of normal serum
creatinine kinase (CK) levels and/or new pathological
Q waves in 2 or more leads and with elevated (above
normal) CK-MB levels. Target-lesion revascularizations
were defined as any revascularization procedure performed
on the treated segments and that were ischemia-driven.
Stent thrombosis was defined as angiographically proven
thrombosis, unexplained death, or target-vessel MI. Stent
thrombosis was also classified as acute if it occurred within
24 hours, subacute if it occurred between 1 day and 30 days,
and late if it occurred between 30 days and 1 year after
DES implantation. Major adverse cardiac events (MACE)
were defined as the occurrence of death, MI, TLR, and
stent thrombosis during the follow-up period. Angiographic
follow-up was performed in 70.9% of SES patients and in
71.7% of PES patients.

Statistical Analysis

Statistical analyses were performed with the SPSS statistical
software, version 15.0 (SPSS, Inc., Chicago, IL). Quantitative
data are presented as mean ± SD and qualitative data are
presented as frequencies. For comparison of continuous
variables, a Student t test was used, and a χ2 test or Fisher
exact test was used to compare categorical variables. Event-
free survival curves were plotted using the Kaplan-Meier
method. A P value <0.05 was considered statistically
significant.
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Table 1. Baseline Characteristics of the Study Population

Variable SES (n= 77) PES (n= 45) P Value

Age, year 65.8 ± 9.0 65.6 ± 8.9 0.91

Male gender, % 62 49 0.19

ACS, % 69 73 0.68

Diabetes mellitus, % 34 31 0.84

Hypercholesterolemia, % 39 40 1.00

Hypertension, % 51 44 0.58

Current smoker, % 44 38 0.22

Prior MI, % 12 9 0.77

Prior CABG, % 0 4 0.13

Multivessel disease, % 60 76 0.11

LVEF, % 52.4 ± 10.9 54.7 ± 12.3 0.30

Abbreviations: ACS, acute coronary syndrome; CABG, coronary artery
bypass graft; LVEF, left ventricular ejection fraction; MI, myocardial
infarction.

Results
Patient Characteristics

Baseline characteristics of the SES and PES groups are
shown in Table 1. Mean age, male gender proportion,
clinical presentation, frequency of coronary risk factors, and
history of myocardial infarction or coronary artery bypass
surgery were similar between the 2 groups.

Procedural and Angiographic Results

Procedural characteristics and angiographic results are
listed in Table 2. Reference vessel diameter, lesion length,
stent diameter, stent length, and number of stents were
not statistically different between the 2 groups. After the
procedure, more than one half of the patients in both groups
were treated with triple antiplatelet therapy. At follow-up,
late loss and binary restenosis were not different between
the 2 groups (0.23 ± 0.62 mm for SES vs 0.346 ± 0.76 mm
for PES, 6.2% for SES vs 12.1% for PES, respectively; all
P = NS [not significant]).

Clinical Outcomes

With respect to clinical outcomes (Table 3) for the SES
and PES groups, no significant differences were noted in
incidences of all-cause death (0% vs 2.2%, P = NS), MI (0%
vs 2.2%, P = NS), TLR (0% vs 2.2%, P = NS), and MACE
(0% vs 4.4%, P = NS) at 30 days. At 1 year after SES or
PES implantation, the incidences of all-cause death, MI, and
TLR rates were not significantly different (3.9% vs 2.2%; 1.3%
vs 2.2%; 3.9% vs 4.4%, respectively, all P = NS), translating
into similar cumulative MACE rates (7.8% vs 4.4%, P = NS)

and event-free survival between the 2 groups (Figure 1).
Regarding incidences of stent thrombosis, no significant
difference was observed between the groups at 30 days or
1 year (0% vs 2.2%, P = NS).

Discussion
Although previous studies have reported late outcomes
according to presence or absence of calcification in discrete
target lesions, the present study evaluated the impact of
SES and PES implantation on long-term angiographic and
clinical outcomes in long CCL. Rates of angiographic binary
restenosis and MACE were similar between the 2 groups,
suggesting that both DES were comparably effective in
reducing ISR and MACE in the complex lesion subset of
long CCL.

Calcified coronary lesions have been associated with
unfavorable early and late outcomes after PCI, such as
dissection, less optimal stent expansion, and higher TLR
or ISR rates.1,8–10 A study by Hoffmann et al9 showed that
preatheroablation using rotational atherectomy, followed
by adjunctive bare-metal stent implantation provided the
largest final minimal lumen diameter compared to BMS
implantation alone or rotational atherectomy plus balloon
angioplasty, a feature that translated into the most favorable
clinical outcomes at 9 months among the 3 modalities.

Drug-eluting stent use has been associated with dramatic
reductions in neointimal proliferation and with improvement
of clinical outcomes after stenting even in high-risk
patients and complex lesion subsets.5,6,11–13 Recently,
several studies have addressed the efficacy of SES in CCL
treatment. Li et al14 reported that SES implantation in 189
patients with CCL conferred similar favorable results as
compared with SES implantation in 264 patients with non-
CCL. In-stent restenosis occurred in 3.8% of patients in CCL
vs 4.2% of patients in non-CCL, and the TLR rate was 4.9%
in CCL vs 6.9% in non-CCL, respectively. A single center
study by Clavijo et al15 demonstrated efficacy of SES with
or without rotablator in 150 patients who had angiographic
evidence of heavy CCL. At 6 months after procedure, both
the SES alone and SES plus rotablator groups showed
low MACE rates (1.5% vs 1.3%) and no evidence of stent
thrombosis. In another study, ISR rate was significantly
lower and late loss was significantly smaller in the SES
group compared to the BMS group when predilatation was
successfully performed before stent implantation.16 These
studies suggested that CCL might not be associated with
unfavorable early or late outcomes after SES implantation,
which is in line with the results of the present study. In
contrast, Kawaguchi et al17 suggested that severe CCL may
be associated with a higher MACE rate at 1 year. In their
study in 195 lesions treated with SES, severe CCL was
associated with a higher TLR and angiographic restenosis
compared with non-CCL (9.2% vs 3.6%, P<0.05; 7.3% vs 2.8%,
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Table 2. Procedural and Angiographic Characteristics

Variable SES (n= 77/88 lesions) PES (n= 45/46 lesions) P Value

Target coronary artery, % 0.31

Left anterior descending 56.8 43.5

Left circumflex 13.6 23.9

Right 28.4 32.6

Lesion classification, % 0.26

B2 8.0 2.2

C 92.0 97.8

Ostial lesion, % 20.5 8.7 0.09

Bifurcation lesion,a % 20.5 15.2 0.64

Reference vessel diameter, mm 2.86 ± 0.36 2.97 ± 0.38 0.11

Lesion length, mm 32.6 ± 14.2 35.2 ± 12.1 0.29

Pre-intervention

Diameter stenosis, % 86.7 ± 10.6 84.1 ± 9.9 0.18

Minimal lumen diameter, mm 0.36 ± 0.28 0.44 ± 0.30 0.12

Stent diameter, mm 2.95 ± 0.30 2.96 ± 0.32 0.96

Stent length, mm 37.2 ± 16.2 38.0 ± 14.3 0.77

Number of stents 1.27 ± 0.50 1.39 ± 0.54 0.20

Stent inflation pressure, atm 14.4 ± 2.7 13.5 ± 2.2 0.09

Dissection, % 0 0 1.00

CK-MB elevation >3 × ULN, % 2.6 13.3 0.50

Inflation time, sec 13.9 ± 4.6 13.6 ± 5.3 0.78

Post-intervention

Diameter stenosis, % 10.6 ± 7.0 12.8 ± 8.9 0.13

Minimal lumen diameter, mm 2.59 ± 0.46 2.60 ± 0.46 0.85

Acute gain, mm 2.22 ± 0.57 2.16 ± 0.58 0.59

Angiographic follow-up (n= 54) (n= 32)

Diameter stenosis, % 21.0 ± 18.9 29.3 ± 24.2 0.08

Minimal lumen diameter, mm 2.29 ± 0.62 2.10 ± 0.79 0.19

Late loss, mm 0.23 ± 0.62 0.46 ± 0.76 0.14

Net gain, mm 1.92 ± 0.63 1.62 ± 0.87 0.07

Loss index 0.07 ± 0.31 0.20 ± 0.39 0.10

Binary restenosis, % 6.2 12.1 0.44

Triple antiplatelet therapy, % 56.6 51.1 0.58

aCulprit lesion with side branch ≥1.5 mm.
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Table 3. Clinical Outcomes at 30 Days and 1-Year Follow-up

Outcome SES (n= 77) PES (n= 45) P Value

30 days

Death (%) 0 1 (2.2) 0.37

Cardiac death (%) 0 0 –

MI (%) 0 1 (2.2) 0.37

TLR (%) 0 1 (2.2) 0.37

MACE (%) 0 2 (4.4) 0.13

ST (%) 0 1 (2.2) 0.37

1 year

Death (%) 3 (3.9) 1(2.2) 1.00

Cardiac death (%) 2 (2.6) 0 0.53

MI (%) 1 (1.3) 1 (2.2) 1.00

TLR (%) 3 (3.9) 2 (4.4) 1.00

MACE (%) 6 (7.8) 2 (4.4) 0.71

ST (%) 0 1 (2.2) 0.37

Abbreviations: MACE=major adverse cardiac event; MI=myocardial
infarction;ST= stent thrombosis; TLR= target-lesion revascularization.
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Figure 1. Kaplan-Meier estimates of event-free survival among patients
who received SES and those who received PES.

P<0.05 respectively). This difference may be due to the
different baseline characteristics of the study populations.

Compared to SES, few data are available regarding
efficacy of PES on CCL. A substudy of TAXUS-IV18

demonstrated that ISR rate at 9 months and ischemia-driven
TLR rate at 1 year were similar between CCL and non-
CCL in patients treated with PES, suggesting that PES

implantation was highly effective for de novo coronary
lesion with or without calcification. Because baseline
clinical and angiographic characteristics were different,
ISR rate of PES may have been relatively higher in the
present study compared to that in the TAXUS-IV substudy
(12.5% vs 7.5%, respectively). However, ischemia-driven TLR
rates were similar between the 2 studies (5.7% vs 5.1%,
respectively).

The impact of calcification within coronary lesions is
still uncertain. Besides reducing vessel injury by a physical
shield role, the relatively stable biomechanical properties of
calcium may prevent activation of neointimal proliferation.
This theory was supported by an IVUS study of Shimada
et al,19 showing that NIH was greater in non-CCL compared
to CCL in 21 patients treated with BMS. On the other
hand, higher ISR and TLR rates were observed in CCL
following stenting.17 Severely calcified lesions pose a great
technical challenge during the procedure and may induce
stent underexpansion, which is a major predictor of ISR
following DES or BMS implantation.15,20 Plaque calcification
is mostly found in patients with higher risk factors such as
diabetes, hypertension, high cholesterol, and old age.21,22

It may also be possible that fragments of small calcium
plaque injure adjacent soft plaques or vessel lumens to
cause plaque rupture or lumen damage. To clarify the
clinical relevance of CCL during PCI amidst controversial
theories, a larger study population with longer-term clinical
follow-up is warranted.

Study Limitations

This retrospective study carries several potential limitations.
First, the duration of angiographic and clinical follow-up
was limited to only 6 to 9 months and 1 year, respectively.
Further studies with longer-term follow-up are needed to
assess the long-term effect of DES implantation in long CCL.
Second, because of the limited number of patients treated
with rotational atherectomy or cutting balloon inflation
before stenting, the present study included only patients
who underwent successful plain old balloon angioplasty,
which might be a source of selection bias. Third, cases of
unsuccessful delivery of stent device due to long CCL have
been excluded from this study. With the stent platform
features of the current generation DES, however, the
incidence of unsuccessful stent deployment would have
been low. Finally, long CCL were not determined by
intravascular ultrasound in the present study. Thus, the
real length and degree of CCL may be underestimated.

Conclusions
Treatment of long CCL with either SES or PES was
associated with low cumulative incidences of MACE and
angiographic binary restenosis rates, which were not signif-
icantly different between the 2 groups. These data suggest
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that both types of DES were comparably effective for the
treatment of long CCL.
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