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Impact of sex on the early and long-term outlook of
patients undergoing carotid artery stenting with a single
embolic protection device-stent combo
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Raffaella Avellino, Giacomo Frati, Giuseppe Biondi-Zoccai
ABSTRACT
Aims: Whether men and women benefit similarly
from carotid artery stenting (CAS) remains
uncertain. We hypothesized that CAS, especially
when performed with the same combination of
embolic protection device (EPD) and stent, may
have a different risk-benefit profile in men and
women. Methods: We retrospectively collected
data on all patients undergoing CAS with the
Angioguard EPD and Precise RX stent. A total
of 447 patients were included, 285 (64%) men
and 162 (36%) women. Results: Despite several
baseline, lesion and procedural differences,
procedural success and clinical outcomes were
similar (all p > 0.05), at both discharge and longterm follow-up (19±21 months). Specifically,
the composite of death, myocardial infarction,
stroke or transient ischemic attack occurred in 5
(2%) men and 2 (1%) women at discharge, and 32
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(11%) men and 12 (7%) women at follow-up (both
p > 0.05). Even after propensity score matching,
no significant differences were found (all p >
0.05). Conclusion: In conclusion, despite several
baseline disparities, there are no differences
in the early and long-term incidence of adverse
events in men versus women undergoing CAS.
Keywords: Carotid artery disease, Carotid artery
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INTRODUCTION
Carotid artery disease is a common cause of ischemic
stroke, with important ensuing consequences on life
quality and expectancy. Carotid artery stenting (CAS) has
been proven equivalent to the surgical reference standard,
i.e., carotid endarterectomy, especially in patients at high
surgical risk, but inconsistent results have been reported
in some trials [1, 2].
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Sex may impact on many pathophysiological
processes, disease features, and comorbidities, and the
precise role of sex on the risk of carotid artery disease
and the comparative benefit of CAS has been questioned
repeatedly [3]. In particular, a number of trials have
suggested that women appear to have a lower likelihood
of benefit from carotid endarterectomy (CEA), and
similar findings have been reported in a subset of studies
on CAS [3–5].
Since inception, it has been hallmark of our practice to
use a single embolic protection device-stent combination
(respectively Angioguard and Precise Rx, both from
Cordis, Natick, MA, USA) in most (>80%) of our carotid
PTAs [6]. Accordingly, we have accrued a substantial
expertise in using these devices. We hypothesized that we
could exploit this common therapeutic ground to perform
a more informative, accurate and precise comparison of
the baseline, procedural and outcome features of men
versus women undergoing CAS, under the premises that
indeed women may benefit less than men from CAS.

MATERIALS AND METHODS
This was a retrospective observational study stemming
from our comprehensive administrative database
registry, for which the competent ethics committees have
been notified in keeping with Italian regulations and for
which patients provided written informed consent.
Specifically, we queried our Cardioplanet (Ebit,
Genova, Italy) database for all patients undergoing
percutaneous transluminal angioplasty (PTA) for
carotid stenosis at our institutions with attempted use
(irrespective of success) of the Angioguard-Precise Rx
combo. From the initial sample of 532 patients, we
excluded cases in which only the Angioguard device
(N=2), only the Precise Rx device (N=73), or neither
(N=10) had been used, yielding a total of 447 patients,
notwithstanding that choice of technique and device were
at the operator’s discretion.
All patients underwent preliminary carotid
angiography followed by PTA or CAS as appropriate.
Specifically, subjects without prior stroke or transient
ischemic attack (TIA) were treated if showing a diameter
stenosis >60%, whereas symptomatic patients were
treated if showing a diameter stenosis >50% [7].
All devices were used according to their instructions
for use, unless in bailout conditions. Carotid
revascularization was typically performed as follows:
after diagnostic angiography, a 7 French 11 cm sheath
was exchanged (Cordis) and a 7 French JR4 guiding
catheter was deployed tracking over an Amplatz Super
stiff 0,035” guidewire (St. Jude Medical, Minneapolis,
MN, USA) previously deployed in the common carotid
artery. Through the guiding catheter, the Angioguard was
deployed. Predilation was performed after deployment
of the Angioguard sparingly and only when deemed
appropriate, using an undersized balloon (typically
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3.0x20 mm). The Precise Rx stent was then deployed,
and always post-dilated with a slightly undersized balloon
(typically 5.0x30 mm).
Antithrombotic therapy encompassed unfractionated
heparin (70 IU/kg) plus further boluses depending on
procedure duration and provisional tirofiban IV bolus
(at a dose ¼ to ½ of the one approved for percutaneous
coronary intervention) in case of complex patient or
lesion features [8]. Antiplatelet therapy consisted in
aspirin and a thienopyridine for at least 3 days before the
procedure, or 250 mg aspirin IV bolus and/or clopidogrel
300 mg front-loading in those not pre-treated. After PTA
or CAS, all patients were prescribed aspirin 100 mg qd
and clopidogrel 75 mg qd for at least one month.
The primary outcome of interest of this work was the
composite of death, myocardial infarction (MI), stroke or
transient ischemic attack (TIA). Other outcomes included
the individual components of the composite endpoint,
the composite of death, myocardial infarction, or stroke,
the composite of death or stroke, hospital stay, and repeat
revascularization. All outcomes were adjudicated inhospital and at long-term.
Continuous variables are reported as mean and
categorical variables as n (%). Continuous variables were
compared with unpaired t-test, categorical variables with
Fisher exact test, and censored variables with the logrank test. In order to adjust for potential confounders,
[9] propensity matching was performed with a 1:1 men
to women ratio and a caliper corresponding to 0.001
of the logit of the probability of being female (Online
Supplement). After propensity matching, key outcomes
were compared with conditional logistic regression or
shared Cox proportional hazard analysis in order to take
into account the clustering features, with Fisher exact
testing also used for sensitivity analysis. Computations
were performed with Stata 13 (StataCorp, College Station,
TX, USA).

RESULTS
We included 285 (63.8%) men and 162 (36.2%)
women, for a total of 447 patients, most (86%) of them
being asymptomatic (Table 1). Baseline features were
largely similar, with the notable exception of higher
prevalence of hypertension (p=0.033) and obesity
(p=0.002) in women, and a greater likelihood of history
of smoking (p<0.001), prior myocardial infarction
(p=0.026), and prior percutaneous coronary intervention
(p<0.001) in men. Conversely, no significant differences
were found for age, diabetes mellitus, renal failure, prior
stroke or TIA, prior carotid revascularization, prior
coronary artery bypass grafting, heart failure or systolic
function (all p>0.05).
A limited set of sex-related differences in lesion and
procedural features were found (Table 2). Specifically,
stent diameter was larger (p<0.001) and total stent length
longer (p<0.001) in men. Conversely, no significant
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differences were found for access site, access side, lesion
site, lesion side, prior ipsilateral carotid revascularization,
calcified lesion, baseline diameter stenosis, lesion length,
predilation, number of stents, final diameter stenosis or
procedural success, which was achieved in 296 (98.0%)
lesions in men and in 166 lesions (98.2%) in women (all
p > 0.05).
Clinical outcomes were similar at unadjusted analysis
in men and women during the index hospital stay and also
after 18.9±20.7 months of cumulative follow-up (Table
3). In particular, no significant difference was found for
the risk of death, MI, stroke, TIA or their composite, for
the risk of repeat revascularization, or for hospital stay
(all p > 0.05).
After propensity matching, a total of 230 cases were
shortlisted with closely similar (0.001 caliper) propensity
scores (115 men and 115 women; Table 4; Figure 1). No
significant differences were found comparing males and
females even in such homogenous subset of cases, with
procedural success in, respectively, 112 (97.4%) versus
112 (97.4%, p=1), and death, myocardial infarction,
stroke or transient ischemic attack in 1 (0.9%) versus 2
(1.7%, p=0.571) at hospital discharge and in 7 (6.1%) and
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7 (6.1%, p=1) at long-term follow-up.
Finally, both unadjusted and propensity-adjusted
survival analyses for the risk of death, MI, stroke or TIA
confirmed the lack of significant differences between men
and women (p>0.05 for both; Figure 1).

DISCUSSION
This retrospective observational study focusing on
sex-related differences in mostly asymptomatic patients
undergoing CAS with a single EPD-stent combination
suggests that there are no significant differences between
men and women at either short-term or long-term
follow-up, even adjusting for baseline and procedural
differences.
The topic of gender-related differences in patients
undergoing CAS is a particularly important one, as it
stands to reunite two apparently distant issues capable
of strongly interesting clinicians and researchers. Indeed,
the impact of sex on cardiovascular disease has always
been of great interest to scientists as well as practitioners
[10]. First, because such sex-based distinction is a simple

Table 1: Baseline characteristics
Characteristics

Men (N=285)

Women (N=162)

Total (N=447)

p-value

Age (years)

70.8±8.6

70.7±8.2

70.7±8.5

0.935

Hypertension

237 (83.2%)

147 (90.7%)

384 (85.9%)

0.033

Dyslipidemia

137 (48.1%)

71 (43.8%)

208 (46.5%)

0.430

Diabetes mellitus

0.060

No

174 (61.1%)

88 (54.3%)

262 (58.6%)

Non-insulin-dependent

85 (29.8%)

47 (29.0%)

132 (29.5%)

Insulin dependent

26 (9.1%)

27 (16.7%)

53 (11.9%)

Obesity

22 (7.7%)

29 (17.9%)

51 (11.4%)

0.002

Renal failure

35 (12.3%)

15 (9.3%)

50 (11.2%)

0.354

Smoking status

<0.001

Never

172 (70.4%)

138 (85.2%)

310 (69.4%)

Former

58 (20.4%)

7 (4.3%)

65 (14.5%)

Current

55 (19.0%)

17 (10.5%)

72 (16.1%)

Prior stroke or transient ischemic attack

43 (15.1%)

18 (11.1%)

61 (13.7%)

0.255

Prior carotid revascularization

3 (1.1%)

0

3 (0.7%)

0.557

Prior myocardial infarction

57 (20.0%)

19 (11.7%)

76 (17.0%)

0.026

Prior percutaneous coronary intervention

94 (33.0%)

23 (14.2%)

117 (26.2%)

<0.001

Prior coronary artery bypass grafting

42 (14.7%)

15 (9.3%)

57 (12.8%)

0.106

Heart failure

4 (1.4%)

0

4 (0.9%)

0.302

Left ventricular ejection fraction (%)

49.4±3.4

49.8±1.7

49.5±2.9

0.111
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Table 2: Lesion and procedural features
Features

Men (N=302)

Women (N=169)

Total (N=471)

Access site

p-value
0.378

Radial

3 (1.0%)

0

3 (0.6%)

Brachial

2 (0.7%)

0

2 (0.4%)

Femoral

297 (98.3%)

169 (100%)

466 (98.9%)

Access side

0.417

Right

294 (97.4%)

162 (95.9%)

456 (96.8%)

Left

8 (2.6%)

7 (4.1%)

15 (3.2%)

Lesion site

0.257

Common carotid artery

3 (1.0%)

4 (2.4%)

7 (1.5%)

Internal carotid artery

299 (99.0%)

165 (97.6%)

464 (98.5%)

Lesion side

1

Right

153 (50.7%)

85 (50.3%)

238 (50.5%)

Left

149 (49.3%)

84 (49.7%)

233 (49.5%)

Prior ipsilateral carotid revascularization

3 (1.0%)

0

3 (0.6%)

0.556

Moderate or severe calcification

31 (10.3%)

18 (10.7%)

49 (10.4%)

0.876

Baseline diameter stenosis (%)

80.8±8.4

80.2±8.5

80.5±8.5

0.542

Lesion length (mm)

24.0±6.1

23.7±7.7

23.9±6.7

0.593

Predilation

35 (11.6%)

18 (10.7%)

53 (11.3%)

0.879

One

298 (98.7%)

168 (99.4%)

466 (98.9%)

Two

4 (1.3%)

1 (0.6%)

5 (1.1%)

Minimum stent diameter (mm)

7.2±0.6

6.8±0.6

7.0±0.6

<0.001

Total stent length (mm)

38.0±5.7

36.1±5.6

37.3±5.7

<0.001

Final diameter stenosis (%)

1.2±5.7

1.2±5.2

1.2±5.5

0.937

Procedural success

296 (98.0%)

166 (98.2%)

462 (98.1%)

1

Stents implanted

0.659

Table 3: Clinical outcomes
Men (N=285)

Women (N=162)

Total (N=447)

p-value

Hospital stay (days)

2.0±1.2

2.0±1.1

2.0±1.2

0.928

Death

1 (0.4%)

0

1 (0.2%)

1

Myocardial infarction

0

0

0

1

Stroke

4 (1.4%)

1 (0.6%)

5 (1.1%)

0.658

Transient ischemic attack

0

2 (1.2%)

2 (0.5%)

0.131

2 (1.2%)

7 (1.6%)

1

Outcomes
In-hospital follow-up

Death, myocardial infarction, stroke or transient ischemic 5 (1.8%)
attack
Cumulative follow-up
Follow-up duration (months)

19.3±21.0

18.2±20.3

18.9±20.7

0.580

Death

23 (8.1%)

8 (4.9%)

31 (6.9%)

0.248

Myocardial infarction

13 (4.6%)

4 (2.5%)

17 (3.8%)

0.314

Stroke

11 (3.9%)

4 (2.5%)

15 (3.4%)

0.588

Transient ischemic attack

0

2 (1.2%)

2 (0.5%)

0.131

Death, myocardial infarction, stroke or transient ischemic 32 (11.2%)
attack

12 (7.4%)

44 (9.8%)

0.248

Repeat carotid revascularization

1 (0.6%)

2 (0.5%)

1

1 (0.4%)
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Table 4: Comparison of selected outcomes among propensity matched cases
Men (N=115)

Women (N=115)

p-value

Procedural success (mm)

112 (97.4%)

112 (97.4%)

1

Hospital stay (days)

1.9±1.2

2.0±1.2

0.526

2 (1.7%)

0.569

Outcomes
In-hospital follow-up

In-hospital death, myocardial infarction, stroke or transient 1 (0.9%)
ischemic attack
Cumulative follow-up
Follow-up duration (months)

18.7±20.8

19.1±20.4

0.889

Death

4 (3.5%)

4 (3.5%)

1

Myocardial infarction

2 (1.7%)

2 (1.7%)

1

Stroke

4 (3.5%)

3 (2.6%)

0.702

Transient ischemic attack

0

2 (1.7%)

0.157

Ddeath, myocardial infarction, stroke or transient ischemic attack 7 (6.1%)

7 (6.1%)

1

Repeat carotid revascularization

0

1

0

Figure 1: Risk of death, myocardial infarction, stroke or transient ischemic attack comparing men (continuous line) versus women
(dashed line) before (left panel; p at log-rank test=0.614) and after propensity matching (right panel; p at Cox proportional hazard
analysis=1).

and immediate way of characterizing patients. Second,
because gender strongly correlates with many other
important risk features, and thus may be a reasonably
accurate yet practical proxy for risk assessment.
Third, and most likely most importantly, highlighting
and understanding differences between genders in
cardiovascular medicine may lead to better understanding
and treating cardiovascular disease irrespective of gender
itself. Indeed, gender-related issues in cardiovascular
medicine have already been the focus of intense research
from our own group [11]. Among our recent contributions
is the pathologic analysis of CEA specimens focusing on

the comparison of men versus women [12]. In this recent
work, we highlighted that that apparently thrombotic
plaques were less common in females, with concomitant
lower percentage area of necrotic core and hemorrhagic
extension. In addition, women seemed to have a lower
concentration of inflammatory cells and macrophage
foam cells in the plaque cap. Yet, such differences did not
hold true after multivariable adjustment, suggesting that
they were simply due to differences in baseline patient
features and risk profiles.
Building upon such premises and other works that
have suggested that women may fare differently (actually
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worse) than men when undergoing CEA or CAS, we
aimed to exploit our unique practice pattern of using for
most procedures a single EPD-stent combo, and compare
in such uniform setting the outlook of CAS in the two
genders. We found that several differences were evident
in baseline and procedural features, with women having
a higher prevalence of hypertension and obesity, but a
lower prevalence of smoking history, prior myocardial
infarction, prior percutaneous coronary intervention. In
addition, average stent diameter and length were lower
in women. Despite such differences, and possibly in light
of a 14% prevalence of symptomatic carotid disease, no
significant difference was found in men versus women
for the risk of death, MI, stroke, TIA, or other clinically
relevant endpoints. Even after propensity matching, no
significant difference was found in short-term or longterm events when comparing men versus women.
While our work conflicts with reports suggesting
the impact of gender of the outcome of CAS, [5, 13, 14]
other studies have provided similar findings for men
and women undergoing CAS, such as Park et al., [15]
and Jim et al. [16]. Indeed, the scientific literature is
rich of settings in which the impact of gender on clinical
outcomes is hotly debated, with some studies suggesting
that gender may play a significant and independent role,
and other discounting such scenario. Indeed, while there
are several reasons that support the fact that women
may respond to CAS differently than men (e.g., Y-linked
conditions or factors, hormonal differences, risk profile
differences), other counterarguments may be proposed.
Accordingly, significant differences between females
and males in the previously quoted studies could still be
due to residual and unaccounted for confounding (this
especially holds true for retrospective studies based on
administrative datasets, where information bias is always
possible).
This work has several limitations, including the
retrospective design and the inherent selection bias due
to the focus on patients treated only with the same EPDstent combo. In addition, no core lab analysis of imaging
(ultrasound, angiography) data was performed. Finally,
specific details on menopause or hormonal therapy,
which would have been interesting for the female group,
could not be retrieved from our database.

CONCLUSION
The present series of mostly asymptomatic patients
undergoing carotid artery stenting (CAS) with a single
EPD-stent combination suggests that, despite several
baseline, lesion and procedural disparities, there are
no differences in the early and long-term incidence of
adverse events in men versus women.
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