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Objective: To evaluate the impact of carotid endarterectomy (CEA) and carotid artery stenting (CAS) on postoperative headache
outcomes in patients with carotid artery stenosis, comparing changes in pre-existing headache intensity and the incidence of new-onset
headaches.

Materials and Methods: We conducted a retrospective cohort analysis on 284 patients who underwent CEA (n=167) or CAS
(n=117) between January 2018 and December 2023. Pre- and postoperative headache characteristics were documented at baseline and
24 h, 1 month, and 6 months after the intervention. We evaluated headache frequency, intensity (using the Numeric Rating Scale
[NRS]), and duration while focusing on changes in pre-existing headaches and the incidence of new headaches.

Results: Patients who underwent CEA had a greater reduction in headache intensity at 24 h (NRS median 4, Interquartile range [IQR]:
2-6) compared with those who underwent CAS (NRS median 6, IQR: 2-7; p=0.038). At 1 month, the CEA group continued to show
lower headache scores (median 2, IQR: 1-3) compared with the CAS group (median 3, IQR 2—4; p=0.045). At 6 months, both groups
had similar levels of headache resolution (p=0.785). Patients who underwent CAS had higher incidences of new-onset headache than
those with CEA at 24 h (34.1% vs 20.3%; p=0.033) and 1 month (26.4% vs 13.1%; p=0.018), but converged by 6 months.
Conclusion: This study highlights the differential impacts of CEA and CAS on headache outcomes, with CEA showing a lower
incidence and intensity of postoperative headaches. These findings underscore the need to consider patient-reported symptoms in
treatment planning to enhance the quality of life. Further prospective research is essential to corroborate these observations and explore
the mechanisms underlying headache outcomes after carotid interventions.
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Introduction

Carotid artery stenosis is an important risk factor for stroke,' and carotid revascularization is important for reducing
stroke risk in patients with moderate-to-severe carotid stenosis. The North American Symptomatic Carotid
Endarterectomy Trial showed a definitive benefit of carotid endarterectomy (CEA) in patients with symptomatic
70-99% internal carotid artery (ICA) stenosis.” There are two techniques used for carotid revascularization: CEA,
which involves the surgical removal of atherosclerotic plaques, and carotid artery stenting (CAS), which involves
placing a stent to widen the narrowed artery. Both methods effectively reduce the incidence of stroke, but have
different procedural characteristics and effects.®* The late 20th century Carotid and Vertebral Artery Transluminal
Angioplasty Trial reported an incidence of death or stroke in the first 3 years.> Similarly, in the Stent-Protected
Angioplasty versus Carotid Endarterectomy (SPACE) study, the adverse events between the two groups did not
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differ at the 2-year follow-up.® Notably, studies comparing CAS and CEA have focused primarily on major adverse
events, including myocardial infarction, stroke, and mortality.’”’ However, headaches are a common symptom of
ischemic cerebrovascular diseases. Fisher® observed headache occurrence in 31% of individuals with ICA disease.
Edmeads and Barnett’ reported a similar prevalence, with 35% of patients with carotid artery disease experiencing
headache. Major adverse events are commonly studied, but post-procedural symptom management, such as head-
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ache relief, is less well explored. Limited research has explored post-procedural headache, yet, to date,
comparison of headache outcomes following CAS and CEA exists in the literature. In this retrospective study, we
aimed to address this gap by comparing the incidence and severity of postprocedural headaches in patients with
carotid artery stenosis who underwent CAS or CEA, offering insights into symptom relief outcomes following

revascularization.

Materials and Methods
Study Design and Population

This retrospective monocentric study was conducted at Zonguldak Biilent Ecevit University, Faculty of Medicine,
between January 2018 and December 2023. All procedures were performed by multiple experienced cardiovascular
and neurosurgeons following standardized institutional protocols to ensure consistency in patient management. This
study was conducted in accordance with the principles outlined in the Declaration of Helsinki and received ethical
approval from the Zonguldak Bulent Ecevit University Clinical Research Ethics Committee (Approval Number: 2024/
23). Given the retrospective nature of the study, the requirement for informed consent was formally waived by the Ethics
Committee. To protect participant privacy, all data were fully anonymized, and only de-identified information was made
available for analysis by the research team.

We included patients who met the specific eligibility requirements for assessing preoperative headache status and
postoperative headache outcomes. The inclusion criteria were adults aged > 18 years with documented symptomatic
carotid artery stenosis on one side (unilateral stenosis). Eligible patients underwent either CEA or CAS for revascular-
ization, and procedural consistency was ensured by using a patch for only those receiving CEA with closure, without
using a shunt. Documentation of headache symptoms before the intervention was required to allow for a comparative
analysis of headache frequency and intensity before and after the procedure. In addition, patients were evaluated for new-
onset headaches after the intervention.

Inclusion and Exclusion Criteria

These exclusion criteria further refined the study sample. Patients with incomplete or insufficient medical records and
those with primary headache disorders (chronic migraine) or unrelated neurological conditions that could confound
headache outcomes were excluded. We also excluded cases of bilateral carotid stenosis to focus on unilateral intervention
outcomes. Patients who received CEA and underwent closure without a patch or with shunting were excluded to maintain
consistency with the specified patch closure protocol. Finally, we excluded patients with asymptomatic stenosis lacking
documented preoperative headaches or ischemic symptoms.

Operative Techniques

Carotid Endarterectomy (CEA)

CEA procedures were performed under either general or local anesthesia, depending on the patient and surgical
considerations. A longitudinal incision was made to access the carotid artery, and careful dissection exposed the area
of atherosclerotic plaque. After complete plaque removal, the artery was reconstructed using patch angioplasty patch
angioplasty with a synthetic or autologous patch to ensure sufficient vessel diameter and reduce the risk of future
narrowing. Consistent with this protocol, no routine intraoperative shunting was performed, Postoperatively, the patients
were observed closely for any immediate complications, and their headache status was evaluated at designated follow-up

times.
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Carotid Artery Stenting (CAS)
CAS was performed under local anesthesia with light sedation to allow patient feedback during the procedure. Access
was obtained through the femoral artery, and a guiding catheter was advanced to the stenotic segment of the carotid
artery. The embolic risk was minimized using a distal embolic protection device (EPD) in all cases. Cerebral protection
was ensured utilizing either the Emboshield NAV (Abbott Vascular, Santa Clara, CA, USA) or the SpiderFX (Medtronic,
Plymouth, MN, USA). Balloon angioplasty was performed to pre-dilate the stenosis, after which a self-expanding nitinol
stent was placed to maintain vessel patency. Post-deployment, the embolic protection device was retrieved, and
completion angiography was performed to confirm revascularization success. The patients were monitored postopera-
tively, and headache assessments were conducted according to the study’s follow-up schedule.

CEA and CAS were performed by specialists with extensive experience in carotid interventions, who adhered to
standardized institutional protocols to maintain consistency across cases.

Postoperative Care and Monitoring

After both procedures, the patients were monitored in the intensive care unit for 24 h. Intravenous heparin administration
commenced 3 h after the procedure and was continued for 24 h to maintain anticoagulation. Crucial parameters,
including arterial blood pressure, heart rate, and any neurological changes, were recorded throughout the perioperative
period. Observations included monitoring for neurological complications, transient ischemic events, and signs of
hyperperfusion syndrome such as headache, seizures, confusion, neurological deficits, and elevated blood pressure
(systolic >150 mmHg and/or diastolic >90 mmHg). To ensure comprehensive postoperative evaluation, all patients
underwent routine follow-up assessments, including carotid Duplex ultrasound (DUS) at 1 and 6 months, as per
institutional protocols. While this study primarily focuses on headache outcomes rather than vascular patency, DUS
findings were reviewed to rule out significant hemodynamic changes that could contribute to postoperative symptoms. In
cases where patients reported persistent or worsening headaches with neurological symptoms, computed tomography
angiography (CTA) was selectively performed to exclude vascular complications.

Data Collection

Data were extracted from medical records at four designated time points: preoperative (baseline) and 24 h, 1 month, and
6 months postoperatively. Patients’ baseline demographic and clinical information, including age, sex, comorbidities
(such as hypertension and diabetes), degree of carotid stenosis, and characteristics of any pre-existing headaches
(frequency, intensity, and duration) were documented to provide a reference for comparing the pre- and post-
procedural headache outcomes.

Postoperative headache assessments were based on the patient-reported outcomes in the medical records. For each
procedure, new-onset headaches were evaluated according to the International Classification of Headache Disorders, 3rd
edition (ICHD-3)."?

The criteria for diagnosing post-endarterectomy headache (ICHD-3 section 6.5.2)'? for patients who underwent CEA
are as follows: a new headache must develop within 1 week of the procedure, be localized to the side of the surgery, and
exhibit specific characteristics such as diffuse mild pain, cluster-like attacks, or severe pulsating pain.

The criteria for diagnosing headache attributed to carotid or vertebral angioplasty or stenting (ICHD-3 section 6.5.3)"?
for patients who received CAS are as follows: the headache must develop within 1 week post-procedure, be on the same
side as the stenting, and resolve within 1 month if related to the intervention.

The classification of post-procedural headaches followed the International Classification of Headache Disorders, 3rd
edition (ICHD-3), ensuring standardized diagnostic criteria for Post-Endarterectomy Headache and Headache Attributed
to Stenting.'?

At each follow-up (24 h, 1 month, and 6 months), headache characteristics, including frequency, intensity (measured
using the Numeric Rating Scale [NRS] from 0, indicating no pain, to 10, indicating the most severe pain), and duration
were retrospectively recorded. Patients with migraines were excluded from the postoperative NRS scoring to avoid
skewed results. This systematic data collection enabled consistent tracking of changes in the characteristics of pre-
existing headaches and the identification of new-onset headaches based on the ICHD-3 criteria.
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Outcome Measures

The primary outcome measures were changes in the characteristics of pre-existing headaches before and after the
procedure, including frequency, intensity, and duration. In addition, the persistence or resolution of these pre-existing
headaches at each follow-up interval was assessed.

The secondary outcome measures were the occurrence and characterization of new-onset headaches following the
intervention. These new-onset headaches were identified and characterized using the ICHD-3 criteria.'* This standar-
dized approach facilitated the objective evaluation of postprocedural headache outcomes specific to each intervention
type (CEA or CAS).

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows version 25 (IBM Corp., Armonk, NY, USA).
The normality of the quantitative variables was checked using the Kolmogorov—Smirnov test. For comparisons between
groups, independent sample #-tests were applied to normally distributed data, whereas the Mann—Whitney U-test was
used for non-normal data. The relationships between categorical variables were examined using Chi-square tests.
Descriptive statistics are shown as mean =+ standard deviation for normal data and median (25th-75th percentile) for non-
normal data. Categorical data are presented as frequencies (%). Statistical significance was set at p < 0.05.

Results

Patient Demographics and Clinical Features

Of the 284 patients analyzed, 117 underwent CAS, and 167 underwent CEA. No significant differences were observed in
the patient’s demographic or clinical variables, including age (CAS: 69.26 + 8.26, CEA: 67.4 + 9.2, p=0.082) and body
mass index (CAS: 71.6 £ 5.23, CEA: 68.2 + 4.9, p=0.819). Notably, both groups had similar proportions of patients with
hypertension (p=0.421), diabetes mellitus (p=0.519), and dyslipidemia (p=0.241). A greater percentage of severe ICA
stenosis (> 90%) was noted in patients who underwent CAS (50.5%) compared to those who underwent CEA (49.5%),
though not significantly different (p=0.397) (Table 1).

Preoperative Headache Characteristics

When comparing headache data between the CAS and CEA groups, headache types, average durations, and pain
localization were analyzed individually. All variables showed a similar distribution across both groups with no

Table | Demographic and Clinical Characteristics of Patients

CAS (n=117) | CEA (n=167) | p-value
Gender n (%) Male 62 (40.52%) 91 (59.48%) 0.969
Female 55 (42.03%) 76 (57.97%)
Hypertension No 32 (35.56%) 58 (64.44%) 0.421
Yes 85 (43.81%) 109 (56.19%)
Diabetes Mellitus No 70 (38.68%) 111 (61.32%) 0.519
Yes 47 (45.19%) 56 (54.81%)
Dyslipidemia No 29 (34.52%) 57 (65.48%) 0.241
Yes 88 (44.44%) 110 (55.56%)
Degree of ICA stenosis | Severe (290%) 50 (50.51%) 49 (49.49%) 0.397
Moderate (70-89%) 45 (40.18%) 67 (59.82%)
Mild (50-69%) 35 (47.95%) 38 (52.05%)
mean * SD p-value
Age, years 69.26+8.26 67.4+9.2 0.082
BMI (kg/m?) 71.6£5.23 68.2+4.9 0.819

Abbreviations: ICA, Internal Carotid Artery; BMI, body mass index; CAS, Carotid Artery Stenting; CEA,
Carotid Endarterectomy; SD, standard deviation.
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Table 2 Preoperative Headache Characteristics

CAS (n=33) | CEA (n=45) | p-value
Primary headache history | Migraine without aura 6 (18.2%) 5(11.1%) 0.408
Migraine with aura 4 (12.1%) 6 (13.3%)
Tension type headache 23 (69.7%) 34 (75.5%)
Duration - <10 minutes 11 (33.3%) 16 (35.6%) 0.741
— 10 minutes- 2 hours 19 (57.6%) 25 (55.5%)
- >2 hours 3 (9.1%) 4 (8.9%)
Location -Frontotemporal 20 (60.6%) 29 (64.4%) 0.942
-Face 1 (3.0%) | (2.2%)
-Unilateral half 5 (15.1%) 7 (15.5%)
-Occipital-neck 7 (21.2%) 8 (17.7%)

Abbreviations: CAS, Carotid Artery Stenting; CEA, Carotid Endarterectomy,

statistically significant differences (p > 0.05) (Table 2). Additionally, preoperative monthly headache days were
comparable between the two groups, with a median of 11 days (IQR: 6-15) in the CAS group and 12 days (IQR:
5-16) in the CEA group (p=0.241).

Postoperative Changes in Pre-Existing Headache Outcomes

The patients with pre-existing headaches in both groups experienced significant reductions in headache intensity after the
procedure (Figure 1). At 24 h, the CEA group had a lower median NRS score (median 4, IQR: 2—6) than the CAS group
(median 6, IQR: 2—7; p=0.038). At 1 month, the CEA group had a more favorable reduction in headache intensity (CEA:
median 2, IQR: 1-3 vs CAS: median 3, IQR: 2-4, p=0.045). At 6 months, both groups showed similar outcomes, with
a median NRS score of 1 (IQR: 1-2) (p=0.785) (Table 3). Moreover, postoperative monthly headache days at 6 months
were lower in both groups compared to preoperative values, with a median of 5 days (IQR: 3-10) in the CAS group
(down from 11 days [IQR: 6—15] preoperatively) and 4 days (IQR: 2-9) in the CEA group (down from 12 days [IQR:
5-16] preoperatively). While this represents a notable reduction in headache frequency over time in both groups, the
comparison between CAS and CEA groups at 6 months showed no significant difference (p=0.372) (Table 3).

9l = CAS
CEA

NRS Score (Median, IQR)

Preoperative 24 hours 1 month 6 months

Figure | Changes in pre-existing headache intensity following carotid artery stenting (CAS) and carotid endarterectomy (CEA). Median Numeric Rating Scale (NRS) scores
for pre-existing headache intensity are presented for patients undergoing CAS and CEA at baseline (preoperative), 24 hours, | month, and 6 months post-procedure. Error
bars represent interquartile ranges (IQR). A greater reduction in headache intensity was observed in the CEA group, particularly in the early postoperative period, with both
groups demonstrating similar headache resolution by 6 months.
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Table 3 Changes in Pre-Existing Headache Outcomes Post-Procedure

CAS (n=33) | CEA (n=45) | p-value
Preoperative Headache (NRS) (Median (IQR)) 8 (4-9) 7 (4-8) 0.372
Post operative Headache (NRS) (Median (IQR)) 24 hours postoperative 6 (2-7) 4 (2-6) 0.038*
| month postoperative 3 (24 2 (1-3) 0.045%
6 months postoperative I (1-2) 1 (1-2) 0.785
Preoperative Monthly Headache Days (Median (IQR)) Il (6-15) 12 (5-16) 0.241
Post operative Headache (Median (IQR)) 6 months postoperative 5 (3-10) 4 (2-9) 0.372
Headache (n) / Total
Post operative 24 hours Headache 24/33 32/45
| month postoperative
Headache 21/33 29/45
6 months postoperative 10/33 11/45
Headache
Migraine without aura 5 5
Migraine with aura 4 6
Tension type headache |

Notes: *Asterisk (*) denotes p-values < 0.05, indicating statistical significance.

Abbreviations: CAS, Carotid Artery Stenting; CEA. Carotid Endarterectomy; NRS, Numeric Rating Scale; IQR, Interquartile Range.

New-Onset Headache in Patients Without Pre-Existing Headaches

New-onset headaches were documented in 26% of the patients within 24 h after the procedure, with a higher frequency in
the CAS group (34.1%) than in the CEA group (20.3%; p=0.033) (Table 4). The incidence of new-onset headaches at 1
month decreased to 18.6% across both groups, with the CAS group still presenting a higher frequency (26.4%) than the
CEA groups (13.1%; p=0.018). At 6 months, this incidence further decreased to 10.2%, with no significant difference
between the groups (p=0.272). Initial headache intensity, measured by NRS, was higher in patients who received CAS at
24 h (median 5, IQR: 3-6) than in those who received CEA (median 3, IQR: 2-5; p=0.045), with convergence in scores

by 1 month (p=0.072) (Figure 2)

Table 4 New-Onset Headache Outcomes Post-Procedure in Patients Without Pre-Existing Headaches

CAS (n=117) | CEA (n=167) | p-value
New-Onset Headache
24 hours postoperative No 77 (65.8%) 133 (79.6%) 0.033*
Yes 40 (34.1%) 34 (20.3%)
| month postoperative No 86 (73.5%) 145 (86.8%) 0.018*
Yes 31 (26.4%) 22 (13.1%)
6 months postoperative No 101 (86.3%) 154 (92.2%) 0.272
Yes 16 (13.6%) 13 (7.7%)
Median (IQR) p-value
Intensity of New-Onset Headache (NRS) | 24 hours postoperative 5 (3-6) 3 (2-5) 0.045*
| month postoperative 4 (3-6) 2 (1-3) 0.072
6 months postoperative 2 (14 2 (1-3) 0.785
Procedure-Related Headache (ICHD-3) Post-Endarterectomy Headache NA 7 (4.1%) NA
Headache Attributed to Stenting 6 (5.1%) NA NA

Notes: *Asterisk (*) denotes p-values < 0.05, indicating statistical significance.
Abbreviations: CAS, Carotid Artery Stenting; CEA, Carotid Endarterectomy; NRS, Numeric Rating Scale; ICHD-3, The International Classification
of Headache Disorders; IQR, Interquartile Range; NA, Not Applicable.
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Figure 2 Intensity of new-onset headache in patients without pre-existing headaches following carotid revascularization. Median NRS scores for new-onset headache
intensity in patients undergoing CAS and CEA are plotted over three time points: 24 hours, | month, and 6 months post-procedure. Shaded areas represent the interquartile
range (IQR). CAS was associated with higher headache intensity in the early postoperative phase, which gradually declined over time, converging with the CEA group at 6
months.

Procedure-Related Headache Outcomes Based on ICHD-3

Based on the ICHD-3 criteria, headaches specifically attributed to the procedures were reported exclusively within their
respective groups: 5.1% of patients in the CAS cohort experienced headaches attributed to stenting and 4.1% of patients
in the CEA cohort reported post-endarterectomy headache. This indicated a specific postoperative headache type related
to each intervention but without a notable difference in occurrence between the two techniques (Table 4).

Patients with a history of prior myocardial infarction (MI) or stroke were excluded from the study to ensure a more
homogeneous cohort for headache assessment. Additionally, there was no statistically significant difference in post-
operative stroke rates, perioperative mortality, or acute myocardial infarction (AMI) between the CEA and CAS groups
(p > 0.05).

Discussion

Carotid artery stenosis is one of the most important causes of ischemic stroke.'*'> CEA or CAS has been established as
an effective treatment for symptomatic and asymptomatic patients.” The most common sites of headache in ICA stenosis
or occlusion are the ipsilateral orbit and its surroundings.'® Revascularization aims to restore cerebral blood flow and
prevent stroke; however, its impact on post-procedural symptoms, specifically headaches, warrants further exploration
due to the observed variability in outcomes. Ipsilateral headaches may occur after CEA due to cerebral hyperperfusion
syndrome (CHS). Reportedly, the incidence of CHS after CEA is 0-3%."'” Studies have shown that maximum blood flow
after carotid stenting, with hyperperfusion symptom onset at the 6th postoperative hour, can occur within 3—4 d and
stabilize on the 7th d.'® 2! Postoperative CHS is a potential complication of CEA and is known to trigger headaches in
approximately 20% of patients.”>**** Wagner et al investigated hyperperfusion syndrome after CEA in 1602 patients and
reported that six patients (0.4%) developed hyperperfusion symptoms within 2 weeks post-surgery, and it caused three of
five perioperative strokes (60%) and two of seven deaths (29%).%* In this study, we observed that the incidence of new-
onset headache after CEA was 20% at 24 h, 13% at 1 month, and 7% at 6 months postoperatively. This study’s
retrospective design did not allow for a direct assessment of hyperperfusion syndrome as a specific cause; however, our
findings suggest that CEA is associated with a lower incidence of postoperative headache than CAS. The initially higher
headache rates observed with CAS could be attributed to the mechanical effects of the stent pressing against the
baroreceptor regions and displacing the vessel wall outward, as it addresses the stenotic area. This investigation serves
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as an important contribution to the comparative understanding of CEA and CAS, highlighting the advantage of CEA in
terms of reducing headaches as a postoperative complication. Our findings provide a foundation for further prospective
research to clarify the underlying mechanisms and confirm the symptomatic benefits of CEA over CAS in the context of
headache outcomes.

Giindiiz et al reported that headache was observed after CAS (39.1%) and angiography (21.9%)."° In our study, the
incidence of headache within the first 24 h after CAS was 34%, which aligns with the findings of Giindiiz et al. However,
at the 1-month and 6-month mark, we observed a decline in the rate of new-onset headaches to 26% and 13%,
respectively. These findings provide a unique perspective to the current literature, as this is the first study to document
an extended trajectory of headache incidence after CAS beyond the immediate postoperative period.

Headaches occurring after cerebral angiography and endovascular procedures are rare, but they represent an important
type of headache.'' Marti et al documented that after CAS, 21.4% of patients reported headaches typically occurring
within the first 6 h post-procedure and lasting for an average of 2 h.'> The headaches were generally described as
oppressive, mild-to-moderate in intensity, and localized unilaterally in the frontotemporal area. However, they did not
provide further insight into whether these headaches recurred or diminished over time. Our study addresses this gap by
demonstrating that 13% of patients who underwent CAS and 7% of those who underwent CEA experienced persistent
headaches at 6 months post-procedure, although with a marked reduction in intensity.

The Carotid Revascularization Endarterectomy versus Stenting Trial reported a higher risk of stroke with stenting but
a higher risk of myocardial infarction with endarterectomy.” The SPACE study emphasizes that the risk of stroke or death
increased significantly with age in the CAS group but not in the CEA group.>> However, no study has addressed whether
existing headache patterns change post-procedure.®’ Notably, some studies have noted the presence of headaches before
intervention in patients who underwent CAS. However, none have provided details on the types of post-procedure
headaches or intensity reduction. Our study demonstrated that pre-existing migraine-type headaches persisted post-
intervention, indicating that carotid revascularization does not affect migraine-type headaches.

Tehindrazanarivelo et al reported that 31 (62%) out of 50 patients who underwent CEA had headaches, and only five
of them had post-endarterectomy headaches according to the International Headache Society’s criteria.”® In our study,
20% of patients who underwent CEA reported headaches, with 4% meeting the ICHD-3 criteria, whereas 5% of patients
who underwent CAS experienced headaches attributed to stenting. This variation may be influenced by differences in
diagnostic criteria, as the ICHD-3 offers refined definitions that have evolved to improve the accuracy in classifying post-
procedural headaches. The evolution of headache criteria highlights the importance of standardized definitions for
evaluating the outcomes following carotid interventions. Our study aligns with prior findings on the incidence of post-
CEA headaches; however, the lower rates of ICHD-3-defined post-endarterectomy headaches in our cohort suggest that
the refined criteria may yield more precise assessments of the procedural impact.

This study contributes to a deeper understanding of the nuanced impact of carotid revascularization on post-
procedural headache, an area often overlooked in clinical research. By directly comparing headache outcomes in patients
undergoing CAS versus CEA, our findings revealed distinct differences in the persistence and intensity of headaches over
time, providing valuable insights into patient-centered outcomes beyond stroke prevention. The observed variations in
headache patterns underscore the importance of considering the procedural effects on symptom relief, helping guide
clinical decisions in selecting the most appropriate intervention. This study fills a gap in the literature regarding long-
term headache outcomes after carotid interventions and sets a foundation for future research aimed at improving patient
quality of life post-revascularization.

Limitation

This study’s retrospective design restricted the ability to ascertain causal relationships between the intervention type and
headache outcomes. In addition, reliance on medical records for headache assessment may introduce reporting bias,
particularly for headache characteristics that are not consistently documented. Excluding patients with bilateral carotid
stenosis limits the generalizability of our findings. Prospective studies with larger and more diverse populations, as well
as standardized headache assessments, are necessary to further validate these results.

1594  hees Journal of Pain Research 2025:18



Arslanturk et al

Conclusions

This study provides valuable insights into the differential effects of CEA and CAS on post-procedural headache
outcomes. While both interventions effectively reduce stroke risk, CEA is associated with a lower incidence and intensity
of persistent headaches compared to CAS. These findings highlight the importance of considering patient-reported
symptoms when selecting treatment strategies. Given the retrospective nature of the study, further prospective research is
warranted to validate these findings and explore the underlying mechanisms influencing post-procedural headache
outcomes.
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