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ABSTRACT

Objective: To compare the procedural success between symptomatic and asymptomatic patients who underwent carotid angioplasty in a
tertiary care center.

Methodology: This cross-sectional analytical study was conducted at the Rawalpindi Institute of Cardiology, Rawalpindi after taking
ethical approval. Data was collected from March 2023 to March 2026. Following written informed consent, 170 patients aged >18 years
with severe carotid artery stenosis who underwent carotid angioplasty were included using non-probability consecutive sampling. The
patients were divided into symptomatic and asymptomatic groups. All cases of carotid angioplasty with stenting were performed electively
by the team of interventional cardiologists in the catheterization lab using aseptic protocols. Procedural success was defined as residual
stenosis of <30% after stent placement with no major adverse cardiac and cerebrovascular events (MACCES). Patients were followed up at
30 days and 6 months. Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 26.

Results: One hundred and forty one (82.9%) patients had a history of stroke, and were symptomatic, whereas, 29(17.1%) patients were
asymptomatic, with either no symptom (6%) or planned for coronary artery bypass grafting (16.5%). The technical success was 100%, with
<30% residual stenosis. Out of 170 patients, 2(1.2%) patients died, 3(1.8%) patients developed stroke and 1(0.6%) patient had myocardial
infarction at 6 months. The overall procedural success was 96.5%. The procedural success was not significantly different between
symptomatic and asymptomatic patients (p-value = 1.00).

Conclusion: Carotid angioplasty showed excellent procedural success in symptomatic as well as asymptomatic patients in a tertiary care

center.
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INTRODUCTION

n many developed nations, cerebrovascular

accidents (CVAs) are the second or third leading

cause of death and the primary cause of
disability among adults. Ischemic stroke represents
70-90% of all CVAs. Carotid artery stenosis
continues to be a significant factor in ischemic
stroke. Atherosclerosis of the internal carotid artery
(ICA), causing >50% stenosis, accounts for 9-40%
of ischemic strokes."” First-line treatment for
patients with atherosclerosis involves
pharmacotherapy. However, literature indicates that
pharmacotherapy may not be effective for patients
who are at a higher risk of experiencing a CVA.?
Traditionally, carotid endarterectomy (CEA) has
been regarded as the standard treatment. In the last
20 years, carotid artery stenting (CAS) has been
introduced as an alternative option, especially for
patients at high risk for surgery. Nevertheless, with
the increased use of CAS, in-stent restenosis has
become a more commonly recognized issue. In-stent
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thrombosis develops in 20% of patients after
undergoing CAS, in contrast to 9% following CEA.*
With the advancement of endovascular techniques,
imaging guidance, embolic protection devices, and
procedural success, the complication rates associated
with carotid angioplasty have decreased.?

The procedural success of carotid artery stenting
depends on patient, lesion, and technical factors.
Older age, co-morbidities, and complex vascular
anatomy can make the procedure more challenging
and may increase the risk of complications.
Similarly, heavily calcified plaques, long segment
disease, and tortuous vessels can lead to technical
issues. Outcomes also vary based on the operator’s
experience, careful selection of stent type and size,
and the routine use of embolic protection devices.
Adequate antiplatelet therapy and proper intra-
procedural management also contribute significantly
to procedural safety. >°

Despite widespread adoption, variability exists in
reported procedural success rates due to differences
in patient selection, operator experience, and
procedural techniques. Therefore, evaluating the
procedural success of carotid angioplasty in different
clinical settings is essential to optimize the outcomes
and guide future practice. So, our study was
conducted to determine the procedural success of
patients who underwent carotid angioplasty in a
tertiary care center and compare the outcomes
between symptomatic and asymptomatic patients.
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METHODOLOGY

This cross-sectional analytical study was conducted
at the Rawalpindi Institute of Cardiology,
Rawalpindi, after taking ethical approval (Letter No.
RIC/RERC/05A/25,  26-03-2025). Data  was
collected from March 2023 to March 2026. Data
from March 2023 to March 2025 was obtained
retrospectively from medical records, while data
from March 2025 to March 2026 was collected
prospectively. The sample size of 168 (rounded off
to 170) was calculated using 87.5% success rate of
carotid angioplasty, 5% margin of error, and 95%
confidence interval.” After obtaining informed
written consent, patients aged >18 years with a
diagnosis of severe carotid artery stenosis who
underwent carotid angioplasty were included using a
non-probability consecutive sampling technique.
The indications for carotid angioplasty were a
history of stroke, planned for coronary artery bypass
grafting (CABG) or asymptomatic carotid artery
stenosis. The carotid artery stenosis was diagnosed
based on duplex ultrasound and computed
tomography  (CT)/magnetic  resonance (MR)
angiography. Severe stenosis was defined as greater
than 70% stenosis of the internal carotid artery.®
Patients who had previous carotid intervention, total
carotid occlusion or did not give consent were
excluded. All cases of carotid angioplasty with
stenting were performed electively by the team of
interventional cardiologists in the catheterization lab
using aseptic protocols. All patients received a
preoperative aspirin and clopidogrel. The procedure
was performed through transfemoral access under
local anesthesia. The catheter was advanced to
common carotid artery. Intravenous heparin was
given during the procedure. An embolic protection
device was placed distal to the lesion in the internal
carotid artery (ICA) to prevent the risk of stroke. A
guide wire was passed carefully across the stenosis
into distal ICA and stent was positioned across the
lesion. The stent length varied from 20 mm to 40
mm and its diameter ranged from 6 mm to 10 mm.
The demographic profile of the patients, co-
morbidities such as diabetes mellitus (DM),
hypertension (HTN), dyslipidemia, & smoking, and
lesion characteristics (type & location of lesion)
were recorded on a proforma. Patients were divided
into two groups: symptomatic and asymptomatic
based on their clinical presentation. The patient
follow-up was done at 30 days and 6 months.
Technical success was defined as residual stenosis of
<30% after stent placement. Patients with technical
success and no major adverse cardiac and

cerebrovascular events (MACCEs) were labeled as
procedural success. The MACCEs included
mortality, stroke, and myocardial infarction (MI).°

STATISTICAL ANALYSIS

Data was analyzed using the Statistical Package for
the Social Sciences (SPSS) version 26. Mean and
standard deviation were used for quantitative
variables such as age. Frequency and percentage
were used for qualitative variables such as gender,
co-morbidities, indications for carotid angioplasty,
lesion characteristics, stent dimensions, and
procedural success. The comparison of variables
between symptomatic and asymptomatic patients
was done using the Chi-square/Fisher’s exact test.
The p-value of <0.05 was considered statistically
significant.

RESULTS
Patients had a mean age of 64.26+8.76 years, with
the minimum and maximum of 40 and 84 years,
respectively. There were 136(80%) males and
34(20%) females. One hundred and forty one
(82.9%) patients had a history of stroke and were
symptomatic. Twenty nine (17.1%) patients were
asymptomatic, with either no symptom [1(6%)] or
planned for CABG [28(16.5%)]. One hundred and
nineteen (70%) patients had hypertension,
74(43.5%) had diabetes mellitus, 60(35.3%) had
dyslipidemia, and 42(24.7%) were smokers.
Most of the lesions were non-thrombotic (45.3%).
Seventy three lesions were ostial (42.9%), 9(5.3%)
were at the bifurcation, and 88(51.8%) were at other
sites. The contralateral carotid artery was patent in
93(54.7%) of the patients, subtotally occluded in
54(31.8%), and totally occluded in 23(13.5%) of the
patients. There was no significant difference in
demographic variables, co-morbidities, and lesion
characteristics between two groups (Table 1).
The most commonly used stent lengths were 30 mm
(30.6%) and 40 mm (30.6%), followed by 25 mm
(26.5%) and 20 mm (11.1%). The stent with a
diameter of 8 mm was used in the majority of the
patients (50.6%), followed by 7 mm stent (22.9%).
The residual stenosis was <30% in all the patients,
showing 100% technical success. Out of 170
patients, 2(1.2%) patients died, 3(1.8%) patients
developed stroke and 1(0.6%) patient had Ml at 6
months. The overall procedural success was 96.5%.
The procedural success was not statistically different
between symptomatic and asymptomatic patients
(Table 2).
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Table 1: Comparison of Demographic Variables, Co-Morbidities, & Lesion Characteristics between Two

Groups
Sympt_omatic Asymp_tomatic Total
Parameters Patients Patients (n=170) p-value
(n=141) (n=29)
Male 114(80.8%) 22(75.8%) 136(80%)
Gender Female 27(19.2%) 7(24.2%) 34(20%) 0.54
. Yes 100(71%) 19(65.5%) 119(70%)
Hypertension =, 41(29%) 10(34.5%) 51(30%) 0.56
Co- Diabetes Yes 59(41.8%) 15(51.7%) 74(43.5%) 0.3
Morbidities Mellitus No 82(58.2%) 14(48.3%) 96(56.5%) '
| Yes 48(34%) 12(41.4%) 60(35.3%)
Dyslipidemia = 93(66%) 17(58.6%) 110(64.7%) 0.45
. Yes 31(22%) 11(37.9%) 42(24.7%)
Smoking No 110(78%) 18(62.1%) 128(75.3%) 0.07
Non-Thrombotic 67(47.5%) 10(34.5%) 77(45.3%)
Lesion Type Thrombotic 35(24.8%) 8(27.5%) 43(25.3%) 0.39
Calcific 39(27.7%) 11(38%) 50(29.4%)
Ostial 62(44%) 11(37.9%) 73(42.9%)
Lesion Site Bifurcation 5(3.5%) 4(13.8%) 9(5.3%) 0.08
Others 74(52.5%) 14(48.3%) 88(51.8%)
Patent 78(55.4%) 15(51.7%) 93(54.7%)
Contralateral Carotid Artery | Subtotal Occlusion 42(29.8%) 12(41.4%) 54(31.8%) 0.33
Total Occlusion 21(14.8%) 2(6.9%) 23(13.5%)

Table 2: Procedural Success in Symptomatic versus Asymptomatic Patients after Carotid Angioplasty

Symptomatic Asymptomatic Total
Outcomes Patients Patients (n=170) p-value
(n=141) (n=29) 3
. Yes 141(100%) 29(100%) 170(100%)
Technical Success No 0(0%) 0(0%) 0(0%) 1.00
. Yes 2(1.4%) 0(0%) 2(1.2%)
Mortality No 139(98.6%) 29(100%) 168(98.8%) 1.00
Yes 3(2.1%) 0(0%) 3(1.8%)
Stroke No 138(97.9%) 29(100%) 167(98.2%) 1.00
. . Yes 1(0.7%) 0(0%) 1(0.6%)
Myocardial Infarction No 140(99.3%) 29(100%) 169(99.4%) 1.00
Overall Procedural Yes 136(96.5%) 28(96.5%) 164(96.5%) 100
Success No 5(3.5%) 1(3.5%) 6(3.5%) '
DISCUSSION dyslipidemia in another study.” Most of the patients
Carotid angioplasty with stenting has been were hypertensive (66.7%), followed by diabetic

introduced as a less invasive alternative to surgical
endarterectomy. Recent literature has demonstrated
that it is a safe and effective alternative to carotid
endarterectomy in selected patients. Improvements
in techniques and devices, driven by advances in
interventional cardiology, have further enhanced the
outcomes of carotid angioplasty.'*™

The mean age of the patients was 64.26+8.76 years
in our study, and 80% were males. Barath et al.
revealed that patients had a mean age of 64.8 £ 9.1
years, with 64.1% males.”? In the current study,
43.5% of patients had diabetes mellitus, 70% were
hypertensive, 24.7% were smokers, and 35.3% had
dyslipidemia. All patients had DM, HTN, and

patients (53.9%) in a study.? Ezzeldin et al.
observed that 86.08% patients had HTN, and
40.17% had DM, and 26.45% were current
smokers.™

Our results showed that 82.9% of the patients were
symptomatic and 17.1% were asymptomatic.
Algahtani et al. and Barath et al. observed that all
patients were symptomatic.”*? In our study, there
was no significant difference in demographic
variables, co-morbidities, and lesion characteristics
between the two groups. In another study, the two
groups only differed in smoking status, with
significantly more smokers among symptomatic
patients (43% versus 28%)."
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In our study, the technical success rate was 100%,
whereas other studies reported technical success
rates of 99.4% and 98.3%.'* Only a few patients
(1.8%) in this study developed stroke, and 0.6%
experienced myocardial infarction (MI). In a study,
stroke occurred in 1.6% of the patients after carotid
angioplasty.* In another study, 4.15% of the patients
developed complications; ischemic stroke in 0.55%,
hemorrhagic stroke in 0.28%, and myocardial
infarction in 0.07%, and transient ischemic attack in
0.4% of the patients."® Another study reported stroke
in 2.5%, symptomatic diffusion weighted imaging
ischemic lesions (on MRI) in 33%, and repeat
stenting in 7.5% of the patients.”> Malas et al.
reported stroke in 2% of the patients after carotid
angioplasty.”® A study conducted in 2025 revealed
2.2% frequency of major adverse events after carotid
angioplasty.' In contrast, Algahtani et al. reported no
episode of MI or stroke in any patient after
procedure.” Similarly, in another study, none of the
patients  developed stroke or MI.  Other
complications were seen in 6.3% of the patients who
presented with in-stent thrombosis and symptomatic
showering of thrombi.*? According to our results, the
mortality rate was 1.2%. Ezzeldin et al. reported
0.9% mortality.*®* Similar results were reported in
another study, where the in-hospital mortality rate
was 1.08%, and the 30-day mortality rate was
1.80% In contrast, the mortality rate was higher
(7.7% and 18.8%) in other studies."** The
procedural success was achieved in 96.5% of the
patients in our study. The success rate was 87.5%
and 100% in other studies.”** The procedural
success was not different between symptomatic and
asymptomatic patients in our study. Similarly, a
study conducted in Iraq reported no significant
difference in outcomes between the two groups.*
Another study reported that carotid angioplasty is
linked with a significantly lower risk of mortality or
stroke at 30 days as compared to medical therapy or
surgical endarterectomy. In patients who underwent
angioplasty, these outcomes occurred in 2.8%
compared to 6% of the patients on medical treatment
and 3.7% in the endarterectomy group.’® In contrast
to our results, a study revealed that surgical
endarterectomy was associated with better results
than carotid angioplasty. The mortality rate was
significantly lower with CEA, with no statistical
difference in the rate of postoperative MI and
stroke."

CONCLUSION
Carotid angioplasty showed excellent procedural
success in symptomatic as well as asymptomatic

patients in a tertiary care center. It is a highly
effective & minimally invasive technique and should
be adopted in tertiary care centers with experienced
interventional  operators,  appropriate  patient
selection, careful evaluation of lesion characteristics
and meticulous endovascular techniques.

LIMITATIONS & RECOMMENDATIONS
This study had a cross-sectional design, was
conducted at a single institution, and did not
evaluate long term outcomes in patients who
underwent carotid angioplasty. Therefore, large
multicenter randomized controlled trials with long
term follow-up are recommended in the future.
Carotid angioplasty with stenting is a recommended
catheter based procedure for the treatment of carotid
artery stenosis in  both symptomatic and
asymptomatic patients.
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