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ABSTRACT
OBJECTIVES The aim of this study was to investigate the clinical correlates and prognostic impact of coronary
artery calciﬁcation (CAC) in women undergoing percutaneous coronary intervention with drug-eluting stents
(DES).
BACKGROUND The clinical correlates and the prognostic signiﬁcance of CAC in women undergoing percutaneous
coronary intervention with DES remain unclear.
METHODS Patient-level data from female participants in 26 randomized trials of DES were pooled. Study population
was categorized according to the presence of moderate or severe versus mild or no target lesion CAC, assessed through
coronary angiography. Co–primary endpoints of interest were the composite of death, myocardial infarction (MI), or
target lesion revascularization and death, MI, or stent thrombosis at 3-year follow-up.
RESULTS Among 11,557 women included in the pooled dataset, CAC status was available in 6,371 women. Of these,
1,622 (25.5%) had moderate or severe CAC. In fully adjusted models, independent correlates of CAC were age, hypertension, hypercholesterolemia, smoking, previous coronary artery bypass graft surgery, and worse left ventricular and
renal function. At 3 years, women with CAC were at higher risk for death, MI, or target lesion revascularization (18.2% vs.
13.1%; adjusted hazard ratio: 1.56; 95% conﬁdence interval: 1.33 to 1.84; p < 0.0001) and death, MI, or stent thrombosis
(12.7% vs. 8.6%; adjusted hazard ratio: 1.48; 95% conﬁdence interval: 1.21 to 1.80; p ¼ 0.0001). The adverse effect of
CAC on ischemic outcomes appeared to be consistent across clinical and angiographic subsets of women, including newgeneration DES.
CONCLUSIONS Women undergoing PCI of calciﬁed lesions tend to have worse clinical proﬁle and remain at
increased ischemic risk, irrespective of new-generation DES. (J Am Coll Cardiol Intv 2016;9:1890–901)
© 2016 by the American College of Cardiology Foundation.
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C

oronary artery calciﬁcation (CAC) has been

Substantial sex-speciﬁc differences have

recognized has a marker of cardiovascular

been described in coronary artery anatomy,

risk in the general population and in pa-

degree and patterns of atherosclerosis, and

tients undergoing percutaneous coronary interven-

coronary plaque morphology (5). Despite

tion (PCI) (1). CAC is associated with vascular

more clinical comorbidities, women with

stiffness, abnormal vasomotor activity, and stress-

symptomatic CAD tend to have a lower

induced

the

prevalence of multivessel disease, and lower

extent of CAC tightly correlates with the extent of

extent of coronary atherosclerosis, calciﬁca-

systemic atherosclerosis, plaque burden, and risk for

tions, and features of high-risk plaques (5,6).

myocardial

ischemia.

Additionally,

future cardiovascular adverse events (1). CAC occurrence is both age and sex speciﬁc, with increased

ABBREVIATIONS
AND ACRONYMS
CAC = coronary artery
calciﬁcation

CAD = coronary artery disease
CI = conﬁdence interval
DES = drug-eluting stent(s)
HR = hazard ratio
MI = myocardial infarction

SEE PAGE 1902

PCI = percutaneous coronary
intervention

prevalence in older patients, particularly of male

Considering that women have been histori-

sex. In patients undergoing PCI, calciﬁed lesions

cally underrepresented in randomized clin-

represent a challenging subset (1). The presence of

ical trials (RCTs) investigating the safety and

CAC may impair stent delivery and optimal expansion

efﬁcacy of cardiovascular devices, and given

and possibly damage the polymer and/or drug

the lower prevalence of signiﬁcant CAC in

coating, predisposing to future stent failure with

women compared with men, the impact on

restenosis and thrombosis. Importantly, the delete-

outcomes of CAC in women undergoing PCI with DES

rious effects of CAC on PCI outcomes have been

remains unclear. In 2011, a U.S. Food and Drug

demonstrated with both bare-metal stents and drug-

Administration guidance document identiﬁed sex-

eluting stents (DES) and across the entire clinical

speciﬁc disparities in RCTs investigating medical de-

spectrum of coronary artery disease (CAD) (1–4).
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F I G U R E 1 Study Population Flow Diagram

For the present analysis, the following exclusion
criteria were applied in the overall pooled dataset
(Figure 1): 1) women randomized to bare-metal stent
treatment; 2) trials with target lesion moderate or
severe CAC as an exclusion criterion; and 3) women
with missing information regarding target lesion CAC.
In all included RCTs, CAC was assessed by means of
qualitative and/or quantitative coronary angiography
in a dedicated central angiographic core laboratory.
Technicians performing quantitative coronary angiography were blinded to treatment allocation and
outcomes for all patients within each trial. Qualitative
analysis was performed with the modiﬁed American
College of Cardiology and American Heart Association
classiﬁcation (12). Calciﬁcation was identiﬁed as
readily apparent radio-opacities within the vascular
wall at the site of the stenosis and was classiﬁed as
none or mild, moderate (radio-opacities noted only
during the cardiac cycle before contrast injection), or
severe (radio-opacities noted without cardiac motion
before contrast injection generally compromising

BMS ¼ bare-metal stent(s); CAC ¼ coronary artery calciﬁcation; DES ¼ drug-eluting
stent(s); RCT ¼ randomized clinical trial.

both sides of the arterial lumen). On the basis of the
calciﬁcation grade described in the aforementioned
classiﬁcation, our cohort was divided into none or
mild versus moderate or severe target lesion CAC

auspices of the Women in Innovation (WIN) initiative
of the Society for Cardiovascular Angiography and
Interventions, the present collaborative, womenspeciﬁc, patient-level pooled dataset of RCTs of DES
was created (7). In the present study, we sought to
investigate the clinical correlates and impact of CAC
in women undergoing PCI with early- and newgeneration DES.

METHODS
STUDY POPULATION AND DESIGN. The methods and

rationale of the present collaboration have been previously published (7–11). In response to the Food
and Drug Administration guidance document for
the assessment of sex differences in clinical studies
of medical devices, the WIN initiative convened the

(Figure 1).
STUDY OBJECTIVES. The primary objectives of the

present study were: 1) to investigate the crosssectional clinical correlates of CAC in women undergoing PCI with DES; 2) to evaluate the longitudinal
prognostic impact of target lesion CAC; and 3) to
assess the effect of target lesion CAC across high-risk
clinical and angiographic subsets of women. The co–
primary endpoints of interest were the 3-year risk for
the composite of death, myocardial infarction (MI), or
target lesion revascularization (TLR) and the composite of death, MI, or deﬁnite or probable stent
thrombosis (ST). Secondary endpoints included the
single components of the 2 co–primary endpoints and
cardiac death. Study endpoint deﬁnitions used in the
included RCTs are reported in Online Tables 1 and 2.

Gender Data Forum to discuss the outcomes of

DES. The DES used in the RCTs included in the present

DES implantation in women. This forum led to the

pooled analysis were sirolimus-eluting stents (Cypher,

investigation of the efﬁcacy and safety of DES in

Cordis, Miami Lakes, Florida), paclitaxel-eluting

women by pooling individual patient-level data from

stents (Taxus, Boston Scientiﬁc, Natick, Massachu-

all available RCTs of DES. Patient-level data were

setts), everolimus-eluting stents (XIENCE [Abbott

pooled from 26 RCTs. The full list of the included

Vascular, Santa Clara, California] and Promus [Boston

RCTs, study characteristics, and endpoint deﬁnitions

Scientiﬁc]),

are reported in Online Tables 1 and 2. All studies

[Medtronic, Minneapolis, Minnesota] and Resolute

included in our analysis complied with the provisions

[Medtronic]), biolimus (umirolimus)–eluting stents

of the Declaration of Helsinki, and the Institutional

with biodegradable polymer coating (Biomatrix [Bio-

Review Board at each center approved the study

sensors, Newport Beach, California] and Nobori [Ter-

protocols.

umo, Tokyo, Japan]), and sirolimus-eluting stents with

zotarolimus-eluting

stents

(Endeavor
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biodegradable polymer coating (Yukon, Translumina,
Hechingen, Germany). DES used among trials were

T A B L E 1 Baseline Clinical and Angiographic Characteristics According to

Coronary Artery Calciﬁcation Severity

classiﬁed as early-generation DES (including sirolimus-

and

paclitaxel-eluting

generation

DES

(including

stents)

and

new-

everolimus-

and

Age, yrs

zotarolimus-eluting stents with durable polymer and

Body mass index, kg/m2

biolimus- and sirolimus-eluting stents with biode-

Risk factors

gradable polymer).

Diabetes mellitus
Insulin-dependent diabetes

STATISTICAL

METHODS. Patient-level

data

were

Moderate or Severe CAC
(n ¼ 1,622)

No or Mild CAC
(n ¼ 4,749)

p Value

69.90  9.46

66.46  10.74

<0.0001

27.61  5.43

27.40  5.48

558 (34.4)

1,548 (32.6)

0.18

193 (34.6)

454 (29.3)

0.02
<0.0001

0.19

Arterial hypertension

1,278 (78.8)

3,490 (73.5)

aggregated and combined as 1 dataset on a pre-

Hypercholesterolemia

1,164 (71.8)

3,221 (67.8)

0.003

speciﬁed extraction sheet. Baseline demographic,

Current or former smoker

485 (29.9)

1,386 (29.2)

0.58

procedural, and clinical characteristics by CAC (none

Family history of CAD

or mild vs. moderate or severe) were compared using

Serum creatinine, mg/dl

the Student t test for continuous variables and the chi-

Previous MI

315 (19.5)

867 (18.3)

0.28

Previous PCI

317 (20.1)

964 (21.2)

0.34

square test for categorical variables. Cumulative

Previous CABG

event rates were estimated using the Kaplan-Meier

Left ventricular ejection fraction, %

method and compared using the log-rank test. Out-

Clinical presentation

516 (33.7)

1,559 (35.1)

0.99  0.92

0.90  0.60

100 (6.2)

195 (4.1)

54.98  18.98

56.38  17.87

0.0007
0.04
<0.0001

comes are provided at 3 years after index PCI. The

Stable angina

893 (57.5)

2,474 (54.2)

temporal consistency of the effect of CAC on outcomes

Unstable angina

370 (23.8)

1,240 (27.2)

was assessed by performing Kaplan-Meier landmark

Non–ST-segment elevation MI

256 (16.5)

644 (14.1)

analyses in the early and late periods (0 to 1 year) and

ST-segment elevation MI

35 (2.3)

208 (4.6)

very late period (1 to 3 years) for the main outcomes of

0.30
0.0001

Angiographic characteristics
Multivessel disease

566 (37.0)

969 (24.4)

<0.0001

Number of lesions treated

1.39  0.71

1.23  0.55

<0.0001

line clinical variables and the presence of moderate or

Number of stents implanted

1.80  1.15

1.47  0.83

<0.0001

severe CAC was investigated with cross-sectional lo-

Mean stent diameter, mm

2.95  0.36

2.97  0.38

gistic regression analysis. For the purpose of this

Total stent length, mm

34.82  23.45

28.15  17.67

<0.0001

analysis, 2 models were performed: 1 excluding renal

Type B2/C lesion

1,297 (82.6)

2,631 (58.2)

<0.0001

and left ventricular function and 1 taking into account

Bifurcation lesion

135 (19.7)

307 (14.2)

interest. The independent association between base-

renal and left ventricular function. The independent
association between CAC and outcomes was evalu-

Type of DES

0.14

0.0006
0.44

Early-generation DES

676 (41.7)

1,927 (40.6)

New-generation DES

946 (58.3)

2,822 (59.4)

ated with Cox proportional hazards. The covariates
included in the Cox regression model were age, dia-

Values are mean  SD or n (%).

betes mellitus, acute coronary syndrome as clinical

CABG ¼ coronary artery bypass grafting; CAC ¼ coronary artery calciﬁcation; CAD ¼ coronary artery disease;
DES ¼ drug-eluting stent(s); MI ¼ myocardial infarction; PCI ¼ percutaneous coronary intervention.

presentation, prior MI, prior PCI, prior coronary artery
bypass graft surgery, smoking status, and type of DES
implanted. The proportionality assumption was veriﬁed by means of the scaled Schoenfeld residual. Both

smoking status, CAD presentation, more than 2 DES

the logistic regression and Cox regression models

implanted, more than 30 mm total stent length,

included a frailty term ( g ) to assess random effects in

bifurcation lesion as target vessel, and DES generation

the trials (to account for intertrial heterogeneity).

(early- and new-generation DES). The effect of CAC on

Frailties are the unmeasured factors that affect trial-

the risk for device-oriented endpoints (TLR and deﬁ-

speciﬁc baseline risk and are distributed as g random

nite or probable ST) was also evaluated according to

variables with a mean of 1 and variance q. The variance

DES generation. Effect consistency was estimated by

parameter was interpreted as a metric of heteroge-

means of formal interaction testing. We judged p

neity in baseline risk between trials. Multicollinearity

values <0.05 as indicating statistical signiﬁcance. All

was evaluated by means of visual inspection of the

analyses were performed with Stata version 12.0

correlation matrix and by estimation of the variance

(StataCorp LP, College Station, Texas).

inﬂation factor (with >10 used as a threshold to deﬁne
signiﬁcant multicollinearity). The effect of CAC on the

RESULTS

2 co–primary endpoints was investigated within the
following subgroups of interest: age >65 years, dia-

The study population ﬂowchart is illustrated in

betes mellitus, prior MI, chronic kidney disease

Figure 1. Among 26 included RCTs, CAC of the target

(deﬁned

as

creatinine

clearance

<60

ml/min),

lesion was an exclusion criterion in 8 RCTs (2,720
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T A B L E 2 Independent Clinical Correlates of Coronary Artery Calciﬁcation

in Women

Independent clinical correlates of CAC in women
are illustrated in Table 2. In the partially adjusted
model (without including renal and left ventricular

Adjusted OR (95% CI)

p Value

Age, per year increase

1.04 (1.03–1.05)

<0.0001

Body mass index, per unit increase

1.01 (1.00–1.02)

0.03

Insulin-dependent diabetes

1.35 (1.10–1.65)

0.003

smoking,

Hypercholesterolemia

1.18 (1.03–1.36)

0.02

graft surgery. Conversely, the clinical correlates

Model 1*

function), the independent correlates associated with
higher likelihood of CAC were age, body mass index,
insulin-dependent diabetes, hypercholesterolemia,
and

previous

coronary

artery

bypass

Smoking

1.30 (1.13–1.50)

<0.0001

associated with lower likelihood of CAC were unsta-

Previous percutaneous coronary intervention

0.73 (0.62–0.86)

<0.0001

ble angina and ST-segment elevation MI as clinical

Previous coronary artery bypass graft

1.41 (1.08–1.84)

0.01

presentation. In the fully adjusted model, both higher

Stable angina

1.00 (reference)

—

Unstable angina

0.82 (0.71–0.94)

0.008

Non–ST-segment elevation myocardial
infarction

1.09 (0.91–1.31)

0.31

ST-segment elevation myocardial
infarction

0.47 (0.32–0.68)

<0.0001

1.04 (1.03–1.05)

<0.0001

Arterial hypertension

1.27 (1.00–1.62)

0.049

conﬁdence interval [CI]: 1.33 to 1.84; p < 0.0001)

Hypercholesterolemia

1.30 (1.06–1.60)

0.01

(Figure 2A) and death, MI, or ST (12.7% vs. 8.6%;

Smoking

1.34 (1.09–1.63)

0.004

adjusted HR: 1.48; 95% CI: 1.21 to 1.80; p ¼ 0.0001)

Previous coronary artery bypass graft

1.53 (1.07–2.19)

0.02

(Figure 2B). Moderate or severe CAC was also associ-

Stable angina

1.00 (reference)

—

Unstable angina

1.00 (0.82–1.23)

0.98

1.27 (0.97–1.68)

0.08

0.09 (0.01–0.67)

0.02

(1.5% vs. 0.9%; univariate HR: 1.73; 95% CI: 1.05 to
2.86; p ¼ 0.03) (Figure 2D), this was attenuated

Clinical presentation

ST-segment elevation myocardial infarction

Unadjusted and adjusted 3-year outcomes per CAC
or severe CAC had higher crude and adjusted risk for
both the co–primary endpoints of death, MI, or TLR

Clinical presentation

Non–ST-segment elevation myocardial
infarction

fraction emerged as independent correlates of CAC.
status are reported in Table 3. Women with moderate

Model 2†
Age, per year increase

serum creatinine and lower left ventricular ejection

(18.2% vs. 13.1%; adjusted hazard ratio [HR]: 1.56; 95%

ated with increased risk for death, cardiac death,
spontaneous MI, and TLR (Figure 2C). Conversely,
although moderate or severe CAC was associated with
higher unadjusted risk for deﬁnite or probable ST

Left ventricular ejection fraction, per %
decrease

1.03 (1.02–1.06)

0.003

Serum creatinine, per mg/dl increase

1.08 (1.03–1.13)

0.002

*Model adjusted for age, diabetes, body mass index, arterial hypertension, hypercholesterolemia,
previous myocardial infarction, previous percutaneous coronary intervention, previous coronary
artery bypass graft, family history of coronary artery disease, smoking, and clinical presentation.
Trial identiﬁer included as a random effect in the multivariate model. †Model adjusted for age,
diabetes, body mass index, arterial hypertension, hypercholesterolemia, previous myocardial
infarction, previous percutaneous coronary intervention, previous coronary artery bypass graft,
family history of coronary artery disease, smoking, clinical presentation, left ventricular ejection
fraction, and serum creatinine. Trial identiﬁer included as a random effect in the multivariate
model.
CI ¼ conﬁdence interval; OR ¼ odds ratio.

following multivariate adjustment (adjusted HR: 1.52;
95% CI: 0.89 to 2.59; p ¼ 0.13).
Landmark analyses between 0 and 1 year and 1 and
3 years are illustrated in Figure 3. The presence of
moderate or severe CAC was consistently associated
with higher rates of death, MI, or TLR (Figure 3A) and
death, MI, or ST (Figure 3B) in the early or late (0 to
1 year) and very late (1 to 3 years) periods. Regarding
TLR, moderate or severe CAC was associated with
higher rates in the ﬁrst year, but there were no signiﬁcant differences in the very late period (Figure 3C).

women). Following exclusion of women randomized

Finally the rates of deﬁnite or probable ST were

to bare-metal stents and those in whom CAC data

numerically increased in the moderate or severe CAC

were missing, 6,371 women remained analyzable. Of

group during both the early or late and very late pe-

these, 1,622 (25.5%) had moderate or severe CAC.

riods (Figure 3D).

Women with moderate or severe CAC were signiﬁ-

The effect of moderate or severe CAC on the risk for

cantly older, with a higher prevalence of hyperten-

the 2 co–primary endpoints across clinical and

sion, hypercholesterolemia, prior coronary artery

angiographic subgroups is illustrated in Figure 4.

bypass graft surgery, higher serum creatinine, and

There was no signiﬁcant heterogeneity in the risk for

lower left ventricular ejection fraction (Table 1).

death, MI, or TLR (Figure 4A) and death, MI, or ST

Women with CAC more commonly had stable CAD

(Figure 4B) across the speciﬁed subgroups, including

presentation. Angiographically, women with moder-

new-generation DES. Additionally, the effect of CAC

ate or severe CAC had higher prevalence of multi-

on TLR and deﬁnite or probable ST was uniform be-

vessel disease and a larger number of lesions treated,

tween new-generation DES (for TLR, adjusted HR:

stents implanted, total stent length, and bifurcation

1.57; 95% CI: 1.14 to 2.16; for ST, adjusted HR: 1.78;

lesion as target vessel.

95% CI: 0.87 to 3.64) and early-generation DES (for
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T A B L E 3 Unadjusted and Adjusted 3-Year Clinical Outcomes According to Coronary Artery Calciﬁcation Severity

Moderate or Severe CAC
(n ¼ 1,622)

No or Mild CAC
(n ¼ 4,749)

Univariate HR
(95% CI)

Adjusted HR*
(95% CI)

Adjusted
p Value†

(257) 18.2 (16.2–20.4)

(544) 13.1 (12.1–14.2)

1.65 (1.41–1.92)

1.56 (1.33–1.84)

<0.0001

(178) 12.7 (11.1–14.7)

(354) 8.6 (7.8–9.5)

1.72 (1.42–2.07)

1.48 (1.21–1.80)

0.0001

Death

(96) 5.9 (4.9–7.2)

(194) 4.1 (3.6–4.7)

1.82 (1.41–2.34)

1.38 (1.05–1.81)

0.02

Cardiac death

(54) 3.3 (2.6–4.3)

(105) 2.2 (1.8–2.7)

1.89 (1.34–2.67)

1.44 (1.00–2.07)

0.046

Co–primary composite endpoints
Death, myocardial infarction, or
target lesion revascularization
Death, myocardial infarction, or
stent thrombosis
Non-stent-related adverse events

Myocardial infarction

(102) 6.3 (5.21–7.6)

(182) 3.8 (3.3–4.4)

1.76 (1.38–2.26)

1.67 (1.28–2.18)

0.0001

Death or myocardial infarction

(176) 10.9 (9.4–12.5)

(349) 7.4 (6.6–8.1)

1.72 (1.43–2.08)

1.48 (1.21–1.81)

0.0001

(108) 6.7 (5.6–7.9)

(242) 5.1 (4.5–5.8)

1.51 (1.19–1.91)

1.63 (1.27–2.10)

0.0001

(25) 1.5 (1.0–2.3)

(42) 0.9 (0.7–1.2)

1.73 (1.05–2.86)

1.52 (0.89–2.59)

0.13

Stent-related adverse events
Target lesion revascularization
Deﬁnite or probable stent thrombosis

Values are (number of events), Kaplan-Meier estimates (95% CI), and HR (95% CI). HRs are expressed with no or mild CAC as the reference group. *Model adjusted for age,
diabetes, body mass index, arterial hypertension, hypercholesterolemia, previous myocardial infarction, previous percutaneous coronary intervention, previous coronary artery
bypass graft, family history of coronary artery disease, smoking, clinical presentation, multivessel disease, and number of stents implanted. Trial identiﬁer included as a random
effect in the multivariate model. †Wald p value.
CAC ¼ coronary artery calciﬁcation; CI ¼ conﬁdence interval; HR ¼ hazard ratio.

TLR, adjusted HR: 1.19; 95% CI: 0.83 to 1.70; for ST,

allows the estimation of future atherothrombotic risk

adjusted HR: 1.41; 95% CI: 0.65 to 3.07), without ev-

(1). The occurrence of CAC is both age and sex spe-

idence of interaction (for TLR, pinteraction ¼ 0.23; for

ciﬁc, with higher prevalence in older patients and

ST, p interaction ¼ 0.49).

men, and strongly correlates with the burden of both
coronary and systemic atherosclerosis (1,13). A pre-

DISCUSSION

vious report showed that the prevalence of detectable
CAC in women >60 years of age exceeds 71% of par-

In the present analysis, we pooled patient-level data

ticipants with at least 1 risk factor (1). We observed

from 26 randomized trials of women undergoing PCI

that signiﬁcant CAC is found in 25% of women

with DES, thus comprising a unique cohort of 6,371

enrolled in RCTs of DES and was independently

female participants with available CAC status. The

associated with a variety of other known cardiovas-

present study is to our knowledge the largest to date

cular risk factors. This numeric difference could be

assessing the clinical correlates and impact of CAC on

explained by the method by which calciﬁcation was

ischemic outcomes in a female population undergo-

assessed (coronary angiography vs. computed to-

ing PCI with DES. The main results of our study can be

mography), by different grading in CAC severity, and

summarized as follows (Figure 5): 1) the presence

because many DES trials have severe coronary calci-

moderate or severe CAC was more commonly associ-

ﬁcation as an exclusion criterion. In addition, evalu-

ated with other clinical and anatomic markers of

ation of CAC with computed tomography allows a

cardiovascular risk; 2) women with moderate or se-

more accurate morphological characterization and

vere CAC were at higher risk for death, MI, or TLR and

quantiﬁcation of CAC, which has been demonstrated

death, MI, or ST at 3-year follow-up, an association

to provide superior risk stratiﬁcation with high net

that persisted following multivariate adjustment; 3)

reclassiﬁcation index to predict future coronary

the effect of CAC on the 2 co–primary composite

events (3). The independent clinical correlates of

endpoints appeared to be consistent between 0 to 1

CAC identiﬁed in this purely female population are

year and 1 to 3 years after the index procedure,

in line with previous translational studies investi-

whereas the effect on TLR appeared to be increased in

gating the pathophysiology of arterial calciﬁcations

the ﬁrst year and to then attenuate in the very late

(14). As identiﬁed in the fully adjusted model, age,

period (after 1 year); and 4) the harmful effect of CAC

hypertension, hypercholesterolemia, and smoking,

on major adverse events was consistent across clin-

alongside the metabolic abnormalities induced by

ical and angiographic subgroups, including new-

worsening renal function, have been all described as

generation DES.

factors implicated in the pathogenesis of CAC (1,14).

CAC is a marker of the extent of coronary athero-

In our study, the presence of signiﬁcant CAC was

sclerosis, and longitudinal evaluation of CAC burden

independently associated with increased risk for
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F I G U R E 2 Kaplan-Meier Curves for 3 Year Adverse Events According to Coronary Artery Calciﬁcation Severity

Kaplan-Meier curves at 3 years for the composite of death, myocardial infarction, or target lesion revascularization (A); death, myocardial infarction, or deﬁnite or
probable stent thrombosis (B); target lesion revascularization (C); and deﬁnite or probable stent thrombosis (D) in women with versus without moderate or severe
coronary artery calciﬁcation (CAC). CI ¼ conﬁdence interval; HR ¼ hazard ratio; PCI ¼ percutaneous coronary intervention.

major adverse cardiac events at follow-up, including

patients, found that the presence of severe CAC was a

spontaneous MI, TLR, and mortality. Lesions that are

powerful predictor of major adverse events, even

calciﬁed are usually chronic, stable, and stiff, leading

when adjusting for underlying CAD complexity

to stent underexpansion, eventually increasing the

(including the SYNTAX [Synergy Between PCI With

risk for ST, in-stent restenosis, and future need for

Taxus and Cardiac Surgery] score) (17). In all of these

TLR, across the entire clinical spectrum of CAD

previous studies, the prevalence of women was rela-

(15,16). A patient-level pooled analysis of 6,855 pa-

tively low (<25% to 30%), thereby precluding the

tients from the ACUITY (Acute Catheterization and

generalizability of the ﬁndings in a female popula-

Urgent Intervention Triage Strategy) and HORIZONS-

tion. Our ﬁndings extend previous observations made

AMI (Harmonizing Outcomes With Revascularization

in predominantly male populations and consolidate

and Stents in Acute Myocardial Infarction) trials

the role of CAC as a marker of future ischemic risk in

evaluated the impact of coronary calciﬁcation on

women undergoing percutaneous revascularization.

ischemic outcomes undergoing PCI and presenting

Cardiac ischemic events in women with signiﬁcant

with acute coronary syndromes. At 1 year, coronary

CAC can be categorized as stent-related and non-

calciﬁcation was independently associated with ST,

stent-related.

TLR, and mortality (4). Bourantas et al. (17), in a

events, the presence of CAC was independently

patient-level pooled analysis of 7 RCTs and 6,269

associated with an increased risk for TLR over 3 years

Regarding

stent-related

adverse
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F I G U R E 3 Kaplan-Meier Landmark Curves Between 0 and 1 Year and 1 and 3 Years According to Coronary Artery Calciﬁcation Severity

Kaplan-Meier landmark curves between 0 and 1 year (early and late periods) and between 1 and 3 years (very late period) for death, myocardial infarction, or target lesion
revascularization (A); death, myocardial infarction, or deﬁnite or probable stent thrombosis (B); target lesion revascularization (C); and deﬁnite or probable stent
thrombosis (D) in women with versus without moderate or severe coronary artery calciﬁcation (CAC). PCI ¼ percutaneous coronary intervention.

of follow-up. However, when we checked the tem-

However, whether calciﬁed lesions constitute the

poral consistency of the effect of CAC, the risk for TLR

substrate for future atherothrombotic events remain

appeared to be increased within the ﬁrst year (early

unclear.

and late periods), while there were no signiﬁcant

(Providing Regional Observations to Study Predictors

differences between 1 and 3 years. It is plausible that

of Events in the Coronary Tree) study, the presence of

In

a

subanalysis

from

the

PROSPECT

the effect of target lesion CAC on TLR is mostly

calciﬁed nodules within the coronary tree in patients

mediated by the higher risk for acute or early device

presenting with ACS was associated with more non-

failure (due to DES underexpansion or malap-

culprit lesions, longer lesions, greater plaque burden,

position), with subsequent risk for repeated revas-

and more thick-cap ﬁbroatheromas (19). Of note,

cularization early after index PCI; conversely, the

calciﬁed nodules were not independently associated

very late risk for TLR might be associated mostly

with increased risk for nonculprit lesion–related

with the development of in-stent neointimal hyper-

major

plasia

opposed to thin-cap ﬁbroatheromas), suggesting that

and/or

neoatherosclerosis (18). Regarding

adverse cardiac events at follow-up (as

non-stent-related adverse events, we observed an

lesions with calciﬁc features do not necessarily

adjusted increase in risk for spontaneous MI in

represent plaques at higher risk for progression and

women with signiﬁcant CAC. Indeed, the presence of

atherothrombosis.

CAC appeared to be correlated with greater extent of
coronary

and

systemic

atherosclerosis

(1,13).

The harmful effect of CAC on ischemic risk was
uniform across speciﬁc clinical and angiographic
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F I G U R E 4 Impact of Coronary Artery Calciﬁcation Across Clinical and Angiographic Subgroups of Women

Forest plot for the composite of death, myocardial infarction (MI), or deﬁnite or probable stent thrombosis (A) and the composite of death, MI,
or target lesion revascularization (B) in women with versus without moderate or severe coronary artery calciﬁcations. ACS ¼ acute coronary
syndrome(s); CI ¼ conﬁdence interval; DES ¼ drug-eluting stent(s); HR ¼ hazard ratio.
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F I G U R E 5 Correlates and Impact of Coronary Artery Calciﬁcations in Women Undergoing Percutaneous Coronary Intervention With

Drug-Eluting Stents

Women with moderate or severe coronary artery calciﬁcation (CAC) tend to be older and to have a higher prevalence of clinical comorbidities.
After percutaneous coronary intervention (PCI) with drug-eluting stents (DES), women with signiﬁcant CAC remain at long-term higher risk for
major adverse events and mortality. The enhanced ischemic risk associated with CAC appeared to be uniform between early- and newgeneration DES. CABG ¼ coronary artery bypass grafting; CI ¼ conﬁdence interval; HR ¼ hazard ratio; MI ¼ myocardial infarction; ST ¼ stent
thrombosis; TLR ¼ target lesion revascularization.

subgroups, including new-generation DES. New-

major adverse cardiac events) and 30-day and 1-year

generation DES platforms signiﬁcantly improved

ischemic outcomes with the Diamondback 360 Coro-

the efﬁcacy and safety of PCI compared with bare-

nary Orbital Atherectomy System (Cardiovascular

metal stents and early-generation DES, especially

Systems, St. Paul, Minnesota) in patients with

in terms of late and very late thrombotic safety

severely calciﬁed target lesions. Lesion preparation

(7–10,20). However, whether the antithrombotic and

and stent implantation optimization will be even

antirestenotic properties of new-generation DES are

more important in the era of bioresorbable scaffolds,

preserved in challenging subsets of lesions is un-

with which even with meticulous lesion preparation,

clear. In the present study, the effect of CAC on

optimal stent expansion and strut apposition are not

device-

always achieved (21). Whether routine lesion decal-

oriented endpoints (TLR and ST) was uniform

ciﬁcation is associated with improved PCI outcomes

across DES generations, suggesting that in the

needs to be demonstrated in appropriately designed

presence of signiﬁcant calciﬁed lesions, PCI out-

RCTs.

comes remain suboptimal even with newer DES

STUDY LIMITATIONS. The trials included in the

technologies. Whether lesion decalciﬁcation may

analysis span over a decade, during which there have

improve PCI outcomes prior to DES implantation is

been major advances in interventional approach and

under

technologies, that could affect subsequent outcomes

composite

major

adverse

investigation.

multicenter,

events

Recently

single-arm

and

the

ORBIT-II

prospective,

(Evaluate

the

(especially the use of rotational atherectomy to opti-

Safety and Efﬁcacy of Orbital Atherectomy System in

mize DES implantation). Differences among studies

Treating Severely Calciﬁed Coronary Lesions) study

were accounted for by including trial identiﬁer as a

reported favorable DES implantation success (resid-

random effect in the adjusted analyses; however, re-

ual stenosis <50% post-stent without in-hospital

sidual confounding may remain.
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Second, patient populations included in the 26

new-generation DES. Additional measures to mitigate

pooled trials had some heterogeneity resulting from

coronary ischemic risk and improve suboptimal

the variability in inclusion and exclusion criteria.

device-oriented outcomes in this patient population

Early trials included patients with stable CAD and

are warranted and merit further investigation.

single lesions, and later trials were more inclusive by
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after PCI according to CAC severity.
Fifth, interobserver and intraobserver quantitative
coronary angiographic core laboratory variability

PERSPECTIVES

across trials was not available.
Sixth, data regarding dual-antiplatelet therapy

WHAT IS KNOWN? The presence of CAC confers

duration and intensity, which inﬂuence ischemic and

increased risk for stent-related and non-stent-related

bleeding outcomes (particularly per DES generation)

coronary thrombotic events. However, previous

(22,23), and data regarding statin use (which demon-

studies were performed in predominantly male

strated to modify coronary plaque composition) (24)

populations.

were not available.
Finally, because the included trials were not
designed to investigate the safety and efﬁcacy of DES
in women with calciﬁed lesions, the results of this
post hoc analysis must be considered hypothesis

WHAT IS NEW? Women with CAC tend to have a
worse clinical risk proﬁle compared with those
without CAC. In women undergoing DES implantation,
the presence of CAC was associated with increased
risk for long-term stent-related and non-stent-related

generating.

cardiac ischemic events. The increased risk associated
with the presence of CAC was uniform across clinical

CONCLUSIONS

presentations and DES generations.

Women with moderate or severe CAC undergoing
PCI with DES display a higher clinical risk proﬁle
and remain at higher risk for midterm (1 year) to
long-term (3 years) major adverse cardiovascular
events, including mortality. The adverse effect of
CAC on ischemic outcomes appears to be uniform

WHAT IS NEXT? CAC is a useful biometric to predict
future atherothrombotic risk in women with CAD
requiring revascularization. Measures to mitigate the
increased risk for stent-related adverse events associated with the presence of CAC are warranted.

across clinical and angiographic subsets, including
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