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Simple Summary

Some patients with severe narrowing of the carotid artery have stroke-like symptoms
because too little blood reaches one side of the brain, even though brain imaging does
not show a large completed stroke. Current treatment recommendations do not clearly
define whether these patients should be treated within the usual early time window or
more urgently. This study reviewed 27 carefully selected patients with severe carotid
narrowing and reduced blood flow on brain perfusion imaging who underwent urgent
carotid treatment during the same hospital admission. Treatment was technically successful
in all patients, and no deaths, strokes, brain bleeding, major complications, or repeat carotid
procedures occurred within 30 days. Most patients had complete neurological recovery
before discharge, and no late carotid-related neurological events were recorded during
follow-up. These findings may help future studies define which patients with carotid
disease and reduced brain blood flow could benefit from urgent treatment.
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or target-lesion reintervention occurred. Complete neurological recovery at discharge
was observed in 25 patients (92.6%). During median follow-up of 48.6 months, no late
ipsilateral stroke, carotid-related neurological event, neurological death, or target-lesion
reintervention was recorded. In this small, selected, uncontrolled cohort, urgent carotid
revascularization was technically achievable, and no prespecified 30-day safety events were
observed. These descriptive findings do not establish comparative safety or clinical benefit
and require prospective multicentre validation.

Keywords: carotid stenosis; cerebral hypoperfusion; carotid endarterectomy; carotid
artery stenting; urgent carotid revascularization; perfusion imaging; hemodynamic stroke;
collateral circulation; computed tomography perfusion; magnetic resonance perfusion

1. Introduction

Stroke remains one of the leading causes of death and disability worldwide, with a
major clinical and socioeconomic burden [1]. Extracranial carotid atherosclerotic disease is a
relevant cause of ischemic stroke, particularly in the anterior circulation, and may produce
neurological events through thromboembolism from an unstable plaque, hemodynamic
impairment caused by severe flow limitation, or a combination of both mechanisms [2—-4].
Although plaque embolization remains the dominant paradigm in symptomatic carotid
disease, severe stenosis, near-occlusion, or restenosis may also reduce downstream cerebral
perfusion, particularly when cerebrovascular reserve and collateral compensation are
insufficient [5-8].

The benefit of carotid endarterectomy (CEA) in recently symptomatic carotid stenosis
has been established by randomized evidence and subsequent pooled analyses, with the
greatest benefit observed in patients with severe stenosis and when surgery is performed
early after the index event [9-12]. Current European and North American guidelines rec-
ommend expedited revascularization for recently symptomatic carotid stenosis, provided
that perioperative risk is acceptable and no major contraindication exists [13-15]. Urgent
CEA may be considered in selected unstable presentations, including crescendo transient
ischemic attacks (TIA) and stroke in evolution, whereas revascularization is generally de-
ferred or avoided in patients with large established infarction, intracranial haemorrhage, or
severe disabling stroke because of the risk of haemorrhagic transformation and reperfusion
injury [13-16].

Modern acute stroke pathways increasingly incorporate Computed Tomography perfu-
sion (CTp), diffusion-weighted Magnetic Resonance Imaging (DW-MRI), and MR perfusion
techniques to distinguish infarct core from hypoperfused but potentially salvageable tissue.
In this context, Tmax > 6 s is widely used to define clinically relevant hypoperfusion, while
relative cerebral blood flow < 30% and diffusion restriction on MRI are commonly used to
approximate ischemic core [17-25]. These imaging concepts were developed primarily for
thrombolysis and mechanical thrombectomy selection, but they may also be relevant in
patients with symptomatic carotid stenosis and suspected hemodynamic compromise.

A clinical and decision-making gap therefore remains at the interface between standard
early and truly urgent carotid revascularization. Current guideline-based timing categories
are mainly driven by clinical instability, stenosis severity, infarct extent, haemorrhagic risk,
and perioperative risk [13,14]. However, they do not specifically define whether a patient
with symptomatic severe carotid stenosis, clinically stable or only mildly symptomatic
presentation, extensive ipsilateral hemispheric hypoperfusion, and no large established
infarct core should be managed as a conventional recently symptomatic carotid stenosis
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requiring revascularization within 14 days, or as an urgent carotid syndrome requiring
more immediate treatment. This “grey-zone” phenotype may be particularly relevant
when advanced imaging suggests persistent low-flow ischemia rather than completed
infarction or recurrent embolization alone. In this setting, stenosis severity alone may be
insufficient: plaque morphology, contralateral carotid disease, vertebral artery patency, and
completeness of the circle of Willis may all influence whether severe carotid narrowing
becomes clinically hemodynamic.

The aim of the present study was to evaluate perioperative and long-term outcomes of
urgent carotid revascularization in patients with symptomatic high-grade carotid stenosis
associated with ipsilateral hemispheric hypoperfusion, using explicit perfusion-imaging
criteria and detailed carotid-collateral characterization to define the study population.

2. Materials and Methods
2.1. Study Design

This was a single-center retrospective observational study conducted at a high-volume
University Polyclinic serving as a tertiary stroke hub. The study was conducted in accor-
dance with the principles of the Declaration of Helsinki and reported according to the
STROBE recommendations for observational studies [26]. Given the retrospective design
and the use of anonymized data collected during routine clinical practice, the requirement
for specific ethical approval and additional informed consent for study participation was
waived according to local institutional policy. All patients had provided written informed
consent for carotid revascularization.

2.2. Patient Population

All consecutive patients who underwent urgent carotid revascularization for symp-
tomatic carotid stenosis associated with objective ipsilateral cerebral hypoperfusion be-
tween June 2015 and August 2025 were retrospectively reviewed.

At our institution, all patients presenting with symptomatic carotid stenosis through
the stroke pathway undergo CT and/or MR perfusion imaging as part of the initial diagnos-
tic work-up. The target cohort was specifically restricted to patients without a conventional
clinical indication for hyperacute carotid revascularization based on neurological instability
alone, such as recurrent or crescendo transient ischemic attacks or stroke in evolution.
Perfusion imaging was therefore used to determine the urgency rather than the indication
for revascularization. In patients without a conventional clinical indication for hyperacute
treatment, objective extensive ipsilateral hemispheric hypoperfusion, together with the
absence of intracranial haemorrhage or a large established infarction, prompted revascular-
ization within 48 h; patients without this imaging phenotype who were otherwise eligible
for intervention followed the standard pathway within 14 days rather than being assigned
to conservative treatment on the basis of perfusion findings.

Patients were eligible when all of the following criteria were met: recent ipsilateral
neurological symptoms compatible with anterior-circulation ischemia; ipsilateral inter-
nal carotid artery stenosis > 70%, classified according to North American Symptomatic
Carotid Endarterectomy Trial (NASCET)-style criteria; objective ipsilateral hemispheric
hy-poperfusion involving at least one third of the anterior circulation territory on CTp
and/or MR perfusion imaging; absence of intracranial haemorrhage or large established
infarction; and urgent carotid revascularization during the index admission.

Patients were excluded if they underwent intravenous thrombolysis, mechanical
thrombectomy, or any acute intracranial endovascular treatment; if they had haemorrhagic
transformation before carotid revascularization; if imaging demonstrated a large established
infarct involving more than one third of the middle cerebral artery territory; if a competing
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non-carotid mechanism of the neurological presentation was considered more plausible
after multidisciplinary assessment, including cardiac embolic, arrhythmic, or systemic
low-flow causes; or if the indication for carotid treatment was not associated with objective
ipsilateral hemispheric hypoperfusion.

All patients underwent preoperative cardiac screening with electrocardiography and
transthoracic echocardiography, together with review of clinical presentation, neurovas-
cular imaging, and perfusion findings. The study population was therefore restricted to
patients in whom the ipsilateral high-grade carotid stenosis with hemispheric hypoperfu-
sion was considered the most plausible mechanism of the neurological presentation, rather
than a competing cardiac, intracranial, or systemic hemodynamic cause.

2.3. Neurological Assessment

All patients were evaluated by a neurologist at presentation. Neurological severity was
graded using the National Institutes of Health Stroke Scale (NIHSS) before intervention,
immediately after intervention, and at discharge. A high NIHSS value alone was not
considered an absolute exclusion criterion when advanced imaging demonstrated extensive
hypoperfusion without large established infarction, intracranial hemorrhage, or mass
effect, and when the multidisciplinary team judged the deficit to be potentially related to
hemodynamic impairment.

2.4. Carotid and Collateral Assessment

All patients underwent baseline brain imaging and carotid evaluation. Carotid stenosis
was documented by duplex ultrasound (DUS) performed by at least two experienced
vascular ultrasound operators and confirmed by computed tomography angiography
(CTA) and/or magnetic resonance angiography (MRA) as part of the diagnostic work-
up. Stenosis severity was classified using NASCET-style criteria, with the residual lumen
at the maximal stenosis compared with the normal distal internal carotid artery when
measurable [27]. DUS values were recorded as NASCET-equivalent percentages and peak
systolic velocity (PSV).

Plaque morphology was classified on B-mode DUS according to the Gray-Weale/
Geroulakos echogenicity classification [28]. Plaque morphology was recorded to support
mechanistic interpretation of the neurological event, given the reported association between
echolucent or complex plaques and symptomatic plaque instability [28-30].

Collateral and inflow assessment included contralateral internal carotid artery steno-
sis, vertebral artery patency or occlusion, and circle of Willis completeness on available
CTA, MRA, and/or perfusion imaging. All vascular imaging and collateral findings were
reviewed within the multidisciplinary team, which always included an experienced neu-
roradiologist. The circle of Willis was classified as complete or incomplete according to
the neuroradiological report and imaging review. For descriptive purposes, a collateral-
limiting feature was defined as any of the following: contralateral internal carotid artery
stenosis > 50% or occlusion, unilateral vertebral artery occlusion, or incomplete circle of
Willis [31,32].

2.5. Perfusion Imaging Assessment

Cerebral hypoperfusion was defined as an ipsilateral anterior-circulation perfusion
deficit involving at least one third of the carotid territory. CT perfusion maps were gener-
ated using the institutional Siemens Healthineers neuroperfusion post-processing platform
(Siemens Healthineers, Erlangen, Germany), according to the routine stroke imaging work-
flow. When quantitative maps were available, hypoperfusion corresponded to tissue with
time-to-maximum (Tmax) > 6 s on CTp or dynamic susceptibility contrast/perfusion-
weighted MRI. When quantitative values were not extractable from archived imaging,
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hypoperfusion was adjudicated from the original neuroradiological report and visual re-
view of perfusion maps showing delayed Tmax, time-to-peak (TTP), and/or mean transit
time (MTT), with reduced cerebral blood flow compared with the contralateral hemisphere.
Ischemic core was assessed by relative cerebral blood flow < 30% on CTp when available
and by diffusion-weighted imaging/apparent diffusion coefficient (DWI/ADC) restriction
on MRI. Patients with large established infarction were not treated urgently. Intracranial
vascular imaging was reviewed to exclude an intracranial large-vessel occlusion or another
intracranial lesion that would have better explained the neurological deficit or required
acute intracranial reperfusion therapy.

2.6. Revascularization Strategy and Antithrombotic Management

Treatment strategy was decided by a multidisciplinary team including vascular sur-
geons, neurologists, neuroradiologists, and anesthesiologists. CEA was preferred whenever
anatomically and clinically feasible. Carotid artery stenting (CAS) was reserved for selected
restenosis or anatomically favorable cases.

All patients were managed according to the institutional ischemic stroke pathway
for suspected carotid-related events. After exclusion of intracranial haemorrhage and
of indications for intravenous thrombolysis or mechanical thrombectomy, best medical
therapy (BMT) was initiated before carotid revascularization. Patients without a pre-
existing indication for oral anticoagulation received dual antiplatelet therapy (DAPT)
with aspirin and clopidogrel. Patients with atrial fibrillation were managed with oral
anticoagulation plus a single antiplatelet agent and underwent revascularization under this
antithrombotic strategy. After revascularization, patients treated by CEA were maintained
on single antithrombotic therapy, whereas patients treated by CAS received DAPT for one
month followed by long-term single antiplatelet therapy, according to institutional practice
and contemporary antithrombotic recommendations for symptomatic carotid disease and
carotid stenting [13,33-37].

CEA was performed under general anesthesia, with intraluminal shunt use according
to the institutional operative strategy for this high-risk hemodynamic subgroup. Patch
angioplasty, eversion CEA, or direct closure was selected according to arterial anatomy and
surgeon preference. CAS was performed under local anesthesia.

2.7. Endpoints and Follow-Up

The primary endpoint was 30-day safety, defined as freedom from all-cause death,
any stroke, intracranial hemorrhage, major adverse events (MAEs), or target-lesion reinter-
vention. The 30-day interval represented the prespecified perioperative safety assessment
window and not the overall duration of clinical follow-up. Longer-term outcomes were
assessed until the last available outpatient evaluation or documented clinical contact.

Secondary endpoints included technical success, postoperative NIHSS evolution,
discharge NIHSS, hospital length of stay, late survival, late ipsilateral stroke, and late
target-lesion reintervention. Technical success was defined as successful completion of the
intended carotid revascularization procedure with restoration of carotid patency and ab-
sence of intraoperative death, immediate target-lesion occlusion, or unplanned conversion
to another carotid procedure.

Clinical follow-up was performed through scheduled outpatient visits and review of
hospital and outpatient records. Follow-up assessment included survival status, recurrent
ipsilateral neurological events, neurological recovery when available, and the need for
target-lesion reintervention. All surviving patients underwent the last scheduled outpatient
evaluation and were considered to have completed clinical follow-up.
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2.8. Statistical Analysis

All analyses were descriptive. Data were entered, curated, and checked using Mi-
crosoft Excel (Microsoft Corp., Redmond, WA, USA). Continuous variables were sum-
marized according to their distribution and measurement scale. Distributional charac-
teristics were assessed by visual inspection of the data and supported by the Shapiro—
Wilk test. Approximately symmetrically distributed continuous variables are reported as
mean = standard deviation, whereas skewed, bounded, or ordinal variables are reported as
median and interquartile range. Range is reported when clinically informative. Categorical
variables are reported as counts and percentages. Exact Clopper—Pearson 95% confidence
intervals were calculated for key binary safety outcomes to avoid overinterpretation of
zero-event rates in this small cohort. No comparative inferential testing was performed
because there was no control group. Follow-up duration was calculated from the index
revascularization date to the last completed outpatient visit or last documented clinical
contact. For anonymized historical entries in which only procedure month and year were
retained, the first day of the recorded month was used solely for descriptive follow-up
calculation. Overall survival was estimated using the Kaplan-Meier method, with all-cause
death considered as the event and surviving patients censored at their last completed
clinical follow-up. Pointwise 95% confidence intervals were calculated using Greenwood’s
variance with a log-log transformation. For anonymized historical entries in which only the
procedure month and year were retained, the first day of the recorded month was used for
follow-up and time-to-event calculations. The survival curve was truncated at 60 months
for presentation.

3. Results
3.1. Baseline Clinical, Carotid, and Collateral Characteristics

During the study period, 481 patients with symptomatic carotid stenosis were man-
aged at our institution, all of whom underwent CT and/or MR perfusion imaging as
part of the institutional stroke pathway. Of these, 69 patients (14.3%) underwent urgent
revascularization for conventional clinically unstable presentations independently of the
perfusion findings. A further 368 patients (76.5%) presenting with a single non-progressive
neurological event underwent carotid revascularization within 14 days according to the
standard institutional pathway, whereas 17 patients (3.5%) were managed with best medical
therapy alone because of prohibitive procedural risk. The remaining 27 patients (5.6%) met
all study criteria and underwent urgent carotid revascularization within 48 h on the basis
of objective extensive ipsilateral hemispheric hypoperfusion. All 27 patients were included
in the final analysis. Baseline clinical, carotid, plaque, and collateral characteristics are
reported in Table 1.

Mean age was 72.9 £ 8.5 years, and 9 patients (33.3%) were female. Cardiovascular
risk factors were common, including hypertension in 20 patients (74.1%), dyslipidemia in
20 (74.1%), active or previous smoking in 16 (59.3%), diabetes mellitus in 9 (33.3%), coronary
heart disease in 9 (33.3%), chronic kidney disease in 8 (29.6%), and atrial fibrillation in 2
(7.4%). Median preoperative NIHSS was 3 (IQR, 0—4; range, 0-16).

All patients had symptomatic severe ipsilateral carotid disease. Median NASCET-style
stenosis was 92% (IQR, 89.5-94; range, 84-95), and median ipsilateral PSV was 528 cm/s
(IQR, 463-580.5; range, 381-610). Plaque morphology was Gray-Weale type Il in 17 patients
(63.0%) and type IV in 10 patients (37.0%); no patient had a type I or II plaque.

Any contralateral internal carotid artery disease was present in 22 patients (81.5%).
Median contralateral stenosis was 35% (IQR, 27-52.5; range, 0-100). Contralateral inter-
nal carotid artery stenosis of 50-99% was present in 7 patients (25.9%), and complete
contralateral internal carotid artery occlusion was present in one patient (3.7%). Uni-
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lateral vertebral artery occlusion was present in 4 patients (14.8%). The circle of Willis
was incomplete in 6 patients (22.2%): absent anterior communicating artery in 2 pa-
tients (7.4%), absent right posterior communicating artery in 2 (7.4%), and absent left
posterior communicating artery in 2 (7.4%). Overall, 14 patients (51.9%) had at least one

collateral-limiting feature.

Table 1. Baseline clinical, carotid, plaque, and collateral characteristics.

Variable Overall Cohort, n =27

Age, years 72.9 £ 8.5; range, 54-90
Female sex 9 (33.3%)
Smoking history 16 (59.3%)
Diabetes mellitus 9 (33.3%)
Dyslipidemia 20 (74.1%)
Hypertension 20 (74.1%)
Coronary heart disease 9 (33.3%)

Atrial fibrillation 2 (7.4%)

Chronic kidney disease 8 (29.6%)

Ejection fraction, %

55 (53.5-55); range, 40-65

Creatinine, mg/dL

1.0 (1.0-1.15); range, 0.7-2.2

Preoperative NIHSS

3 (0-4); range, 0-16

Ipsilateral NASCET-style stenosis, %

92 (89.5-94); range, 84-95

Ipsilateral peak systolic velocity, cm/s

528 (463-580.5); range, 381-610

Gray-Weale plaque type III

17 (63.0%)

Gray-Weale plaque type IV

10 (37.0%)

Any contralateral ICA stenosis/occlusion

22 (81.5%)

Contralateral ICA stenosis, %

35 (27-52.5); range, 0-100

Contralateral ICA stenosis 50-99% 7 (25.9%)
Contralateral ICA occlusion 1 (3.7%)
Unilateral vertebral artery occlusion 4 (14.8%)
Incomplete circle of Willis 6 (22.2%)

Absent anterior communicating artery 2 (7.4%)
Absent right posterior communicating artery 2 (7.4%)
Absent left posterior communicating artery 2 (7.4%)

At least one collateral-limiting feature

14 (51.9%)

ICA: internal carotid artery; NIHSS: National Institutes of Health Stroke Scale.

Representative pre- and postoperative imaging in a patient with severe left internal
carotid artery stenosis and contralateral right internal carotid artery occlusion demonstrated
that the haemodynamic impairment was not restricted to the hemisphere ipsilateral to the
treated stenosis. Perfusion delay was bilateral and more pronounced in the hemisphere
associated with the occluded carotid artery, whereas left carotid endarterectomy was
followed by marked bilateral improvement on Tmax maps (Figure 1).
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Tmax (s)

Figure 1. Bilateral cerebral hypoperfusion and haemodynamic improvement after left carotid en-
darterectomy in the presence of contralateral carotid occlusion. (A) Preoperative three-dimensional
computed tomography angiography demonstrating severe left internal carotid artery stenosis and
contralateral right internal carotid artery occlusion. (B) Postoperative coronal magnetic resonance
angiography confirming patency of the treated left internal carotid artery, with persistent contralateral
occlusion. (C) Preoperative axial Tmax perfusion map showing extensive bilateral hemispheric perfu-
sion delay, involving the hemisphere ipsilateral to the treated stenosis and even more pronounced
in the right hemisphere associated with carotid occlusion. Red areas indicate Tmax > 6 s. (D) Corre-
sponding postoperative Tmax map showing a marked bilateral reduction in delayed perfusion and
improved hemispheric symmetry after left carotid endarterectomy. Perfusion maps are displayed
according to radiological convention, with the patient’s right side appearing on the left of the image.
CTA, computed tomography angiography; CEA, carotid endarterectomy; ICA, internal carotid artery;
MRA, magnetic resonance angiography.

3.2. Perfusion Imaging and Procedural Characteristics

All patients had ipsilateral hemispheric hypoperfusion involving at least one third of
the ipsilateral anterior circulation territory according to the predefined perfusion-imaging
criteria. Perfusion imaging consisted of combined MRI and CTp assessment in 18 patients
(66.7%), MRI-based assessment alone in 8 (29.6%), and CTp assessment alone in 1 (3.7%).
The symptomatic carotid lesion was left-sided in 14 patients (51.9%) and right-sided in 13
(48.1%). No patient underwent intravenous thrombolysis or mechanical thrombectomy
before carotid revascularization.

All patients underwent urgent carotid revascularization within 48 h during the index
admission. Median time from admission to the beginning of the intervention was 14 h
(IQR, 8-28.5; range, 4-44). CEA was performed in 25 patients (92.6%), whereas CAS
was performed in 2 patients (7.4%). Among patients treated by CEA, patch angioplasty
was used in 22 cases (22/25, 88.0%), eversion CEA in 2 (2/25, 8.0%), and direct suture
in1 (1/25, 4.0%). All CEA procedures were performed under general anaesthesia with
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intraluminal shunt use. Both CAS procedures were performed under local anaesthesia, with
no intraoperative neurological symptoms. Technical success was achieved in all patients.
Perfusion imaging and procedural characteristics are summarized in Table 2.

Table 2. Perfusion imaging and procedural characteristics.

Variable Overall Cohort, n =27
MRI + CT perfusion assessment 18 (66.7%)
MRI-based assessment alone 8 (29.6%)
CT perfusion assessment alone 1 (3.7%)
Left-sided carotid lesion 14 (51.9%)
Right-sided carotid lesion 13 (48.1%)
Revascularization within 48 h 27 (100%)
Admission-to-intervention start time, hours 14 (8-28.5); range, 444
CEA 25 (92.6%)
CAS 2 (7.4%)
CEA with patch angioplasty 22/25 (88.0%)
Eversion CEA 2/25 (8.0%)
CEA with direct suture 1/25 (4.0%)
General anaesthesia among CEA patients 25/25 (100%)
Intraluminal shunt among CEA patients 25/25 (100%)
Local anaesthesia among CAS patients 2/2(100%)
Technical success 27 (100%; 95% CI, 87.2-100)

CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: exact Clopper—Pearson confidence interval; CT:
computed tomography; MRI: magnetic resonance imaging.

3.3. Early Outcomes

Median postoperative NIHSS was 0 (IQR, 0-0; range, 0-8), and median discharge
NIHSS was 0 (IQR, 0-0; range, 0-2). Complete neurological recovery at discharge, defined
as discharge NIHSS 0, was observed in 25 patients (92.6%; 95% CI, 75.7-99.1). Residual
neurological deficit at discharge was present in 2 patients: one patient had unchanged
NIHSS 2 at discharge, whereas the other improved from preoperative NIHSS 16 to discharge
NIHSS 2. No patient had a discharge NIHSS higher than the preoperative NIHSS.

There were no intraoperative deaths and no 30-day deaths, strokes, intracranial hem-
orrhages, major adverse events (MAEs), or target-lesion reinterventions. Freedom from the
30-day primary safety endpoint event was 100% (95% CI, 87.2-100). The observed 30-day
event rate for each major safety endpoint was 0%, with an exact 95% confidence interval
upper bound of 12.8%, reflecting the uncertainty inherent to the cohort size. Median ICU
stay was 1 day (IQR, 1-2; range, 1-7), and median hospital stay was 7 days (IQR, 6-8; range,
3-35).

Early outcomes are summarized in Table 3.

3.4. Long-Term Follow-Up

Clinical follow-up was available for all patients. All surviving patients underwent
the last scheduled outpatient evaluation and were considered to have completed clinical
follow-up. Median follow-up duration was 48.6 months (IQR, 29.8-63.4; range, 13.0-130.7),
calculated from the index revascularization date to the last outpatient visit in surviving
patients or to the date of death in deceased patients.
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Table 3. Early Outcomes.
Outcome Overall Cohort, n =27

Intraoperative death 0
Postoperative NIHSS 0 (0-0); range, 0-8
Discharge NIHSS 0 (0-0); range, 0-2

Complete neurological recovery at discharge 25 (92.6%; 95% Cl1, 75.7-99.1)

ICU stay, days 1 (1-2); range, 1-7
Hospital stay, days 7 (6-8); range, 3-35

Freedom from 30-day primary safety endpoint event 27 (100%; 95% Cl, 87.2-100)

CI: exact Clopper—Pearson confidence interval; MAE: major adverse event; NIHSS: National Institutes of Health
Stroke Scale.

During follow-up, 3 patients (11.1%) died from non-neurological causes. Causes of
death were myocardial infarction in 2 patients (7.4%) and pneumonia in 1 (3.7%). No late
ipsilateral stroke, carotid-related neurological event, neurological death, or target-lesion
reintervention was recorded. Median overall survival was not reached. Kaplan-Meier-
estimated overall survival at 5 years was 90.0% (95% CI, 47.3-98.5%), with 8 patients
remaining at risk at 60 months (Figure 2).

100 $ L e e + ==+ + —t—t
—_——0
80 A
;\5 5-year overall survival
- 90.0% (95% Cl, 47.3%-98.5%)
©
> 604
2
3
)]
©
Q 40 1
>
(@)
20 A
= Qverall survival 95% ClI | Censored
0
No. at risk 27 27 22 19 14 8
0 12 24 36 48 60

Time after revascularization (months)

Figure 2. Kaplan—-Meier estimate of overall survival after urgent carotid revascularization. The
shaded area represents the pointwise 95% confidence interval, and vertical tick marks indicate
censored observations. Numbers at risk are reported at 12-month intervals. The curve is displayed
through 60 months; one of the three deaths recorded during the entire follow-up occurred within this
5-year period.

4. Discussion

This study describes a carefully selected cohort of patients with symptomatic high-
grade carotid stenosis, extensive ipsilateral hemispheric hypoperfusion, and no large

https:/ /doi.org/10.3390/radiation6030031


https://doi.org/10.3390/radiation6030031

Radiation 2026, 6, 31

11 of 17

established infarction who underwent urgent carotid revascularization. The main findings
were: first, all patients had objective ipsilateral perfusion impairment involving at least
one third of the anterior circulation territory; second, all patients had severe ipsilateral
carotid stenosis, with median NASCET-style stenosis of 92%; third, plaque morphology
was Gray-Weale type III or IV in all cases, without predominantly echolucent type I-II
plaques; fourth, approximately half of the cohort had at least one collateral-limiting feature
involving the contralateral carotid artery, vertebral arteries, or circle of Willis; fifth, urgent
revascularization was technically successful in all patients and was not associated with
observed 30-day death, stroke, intracranial hemorrhage, MAEs or reintervention; and
sixth, three patients died from non-neurological causes during follow-up, whereas no late
ipsilateral stroke or target-lesion reintervention was recorded.

The clinical relevance of this subgroup lies in the mismatch between conventional
timing categories and modern imaging information. Current guidelines strongly support
early revascularization after symptomatic carotid events, particularly within 14 days, and
urgent CEA may be considered in selected unstable presentations such as crescendo TIA
or stroke in evolution [13-15]. However, the phenotype described in this study does not
fit neatly into either category. These patients may not fulfil classic clinical definitions of
unstable symptomatic carotid disease, yet their perfusion imaging suggests an unstable
tissue-level hemodynamic condition. Conversely, treating them as ordinary recently symp-
tomatic carotid stenosis may underestimate the potential risk of persistent hemispheric
low-flow ischemia. Therefore, the relevant question is not only whether the carotid lesion
is symptomatic, but whether advanced imaging identifies an ongoing hemodynamic threat
in the absence of a large established infarct core. This represents the specific guideline and
evidence gap addressed by the present study.

The carotid and collateral characterization supports the interpretation of an imaging-
defined hemodynamic phenotype. All patients had severe ipsilateral stenosis by NASCET-
style criteria and high duplex velocities. At the same time, all plaques were classified
as Gray-Weale type III or IV, indicating predominantly or uniformly echogenic mor-
phology [28]. Echolucent, heterogeneous, or complex plaques have been more consis-
tently associated with symptomatic embolic plaque instability and future cerebrovascular
events [29,30]. Therefore, the absence of type I-1I predominantly echolucent plaques, to-
gether with the absence of a more plausible cardiac, intracranial, or systemic hemodynamic
mechanism after multidisciplinary assessment, does not exclude embolism but makes
a purely embolic or non-carotid low-flow explanation less compelling and supports a
predominant carotid-related hemodynamic contribution.

This interpretation is further supported by the collateral profile. Eight patients had
contralateral internal carotid artery stenosis > 50% or occlusion, four had unilateral verte-
bral artery occlusion, and six had an incomplete circle of Willis. Overall, 14 patients had
at least one feature that could theoretically reduce compensatory capacity during severe
ipsilateral carotid flow limitation. Computational and clinical literature supports the role
of the circle of Willis and collateral pathways in modulating cerebral blood flow during
internal carotid artery stenosis or occlusion [31,32]. Accordingly, severe stenosis alone may
be insufficient to produce hemispheric hypoperfusion in many patients; the hemodynamic
event may emerge when severe ipsilateral stenosis coexists with inadequate cross-flow, lim-
ited posterior collateralization, contralateral carotid disease, vertebral artery compromise,
or incomplete Willis anatomy. More broadly, the importance of preserving supra-aortic
inflow is also reflected in contemporary endovascular aortic arch repair: dedicated single-
branch platforms are designed to maintain left subclavian artery perfusion and thereby
support vertebrobasilar and collateral cerebral circulation, while recent propensity-matched
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evidence has associated left subclavian artery reconstruction with a lower incidence of
postoperative cerebral infarction than partial coverage [38,39].

Perfusion imaging provides a practical framework for identifying this phenotype.
In acute stroke trials and automated imaging workflows, Tmax > 6 s is widely used to
define hypoperfused tissue, whereas relative cerebral blood flow < 30% and DWI/ADC
abnormalities are used to approximate infarct core [17-25]. Although these thresholds were
validated mainly for reperfusion therapy in large-vessel occlusion, they offer a reproducible
language to distinguish delayed perfusion from established infarction. In the present study;,
the key selection principle was not the presence of any small ischemic lesion, but the
combination of broad hemispheric hypoperfusion, severe carotid stenosis, and absence of
large established infarction or hemorrhage.

The absence of intracranial haemorrhage and haemorrhagic transformation is par-
ticularly relevant. Historical concerns regarding early CEA after stroke relate mainly to
reperfusion injury in patients with large infarct burden, impaired blood-brain barrier
integrity, or haemorrhagic transformation [16]. In contrast, the patients in this cohort
were selected because imaging suggested potentially reversible hypoperfusion rather than
extensive completed infarction. This distinction is essential because the present study
does not propose a broad expansion of urgent carotid revascularization to all symptomatic
patients. Rather, it suggests that perfusion-defined hemispheric hypoperfusion without a
large infarct core may identify a narrow subgroup that occupies an intermediate position
between standard early treatment and classically urgent carotid presentations.

The neurological trajectory was favourable. Most patients had complete recovery by
discharge. Of the two patients with residual deficits, one improved from a preoperative
NIHSS of 16 to 2 at discharge, whereas the other had an unchanged NIHSS of 2. This
observation supports the hypothesis that at least part of the neurological impairment was
driven by hemodynamic dysfunction rather than irreversible infarction. Nevertheless,
causal inference remains limited. Neurological improvement and absence of recurrent early
ischemic events cannot be attributed to revascularization alone, because all patients also
received immediate BMT as part of the ischemic stroke pathway, including DAPT in patients
without atrial fibrillation and anticoagulation plus antiplatelet therapy in those with atrial
fibrillation. Therefore, antithrombotic treatment represents an important co-intervention
and potential confounder. However, in this imaging-defined phenotype, medical therapy
and urgent carotid revascularization should be interpreted as complementary components
of a multidisciplinary strategy rather than as competing isolated treatments.

This study also has practical implications. In rare patients with symptomatic severe
carotid stenosis, broad ipsilateral hypoperfusion, small or absent infarct core, and no
haemorrhage, a purely time-based approach may be insufficient. These patients may
deserve consideration for urgent or very early carotid revascularization, provided that
decision-making is multidisciplinary and guided by advanced imaging. A pragmatic
future selection scheme should include ipsilateral stenosis severity using NASCET-style
criteria, plaque morphology, perfusion-core mismatch, contralateral carotid status, vertebral
artery patency, and circle of Willis completeness. In this context, emerging ultrasound
technologies, including high-frame-rate vector-flow imaging and 3D arterial analysis, may
further refine plaque, geometry, and flow characterization beyond conventional color-
DUS [40], although their role in this specific hemodynamic phenotype remains to be
validated. Such a scheme would not replace guideline-based care but could refine risk
stratification in a subgroup that remains poorly represented in current evidence.

In the present cohort, CEA remained the preferred revascularization strategy, con-
sistent with the established role of surgery as the reference treatment for most patients
with recently symptomatic carotid stenosis [13,14]. However, CAS may retain a role in
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carefully selected symptomatic patients, particularly when surgical risk is increased or
anatomical and clinical factors favour an endovascular approach. Earlier evidence in high-
surgical-risk patients supported protected CAS as a potential alternative to CEA, while
more contemporary real-world experiences with dual-layer mesh-covered carotid stents,
including the IRONGUARD-2 study, have reported encouraging short- and mid-term neu-
rological outcomes in cohorts that included symptomatic patients [41-43]. Future studies
on this imaging-defined hypoperfusion phenotype should therefore not only evaluate
urgent versus delayed revascularization, but also clarify whether selected high-risk sur-
gical candidates may be safely treated with modern CAS platforms within standardized
multidisciplinary protocols.

The small cohort size is an important limitation. No 30-day primary safety events were
observed among 27 patients; however, the corresponding two-sided exact 95% confidence
interval was 0-12.8%. Thus, at the 95% confidence level, this sample excludes only underly-
ing complication rates above 12.8% and cannot rule out clinically relevant rates up to this
threshold. Accordingly, the zero-event finding should not be interpreted as establishing
the absence of perioperative risk. Nevertheless, the cohort size should be interpreted in
context. These 27 patients were identified over a 10-year period at a high-volume tertiary
stroke hub, after exclusion of patients treated with thrombolysis, thrombectomy, large estab-
lished infarction, hemorrhage, competing cardiac, intracranial, or systemic hemodynamic
mechanisms, or symptomatic carotid disease without objective hemispheric hypoperfu-
sion. This very low case accrual despite broad institutional exposure supports the rarity of
this imaging-defined phenotype. It also explains why prospective randomized evidence
would be difficult to generate: adequately powered studies would likely require many
years of enrollment, multicentre participation, strict and reproducible perfusion-imaging
criteria, standardized cardiac and intracranial exclusion pathways, and homogeneous
urgent-treatment protocols. For this reason, detailed imaging-defined observational reports
may be clinically relevant, provided that conclusions remain appropriately cautious.

Additional limitations include the retrospective design, absence of a control group
treated with delayed revascularization or medical therapy alone, and non-uniform avail-
ability of quantitative perfusion volumes. Hypoperfusion was therefore defined using
a combination of quantitative thresholds, original neuroradiological reports, and visual
perfusion-map adjudication. The cohort also spans several years, during which imaging
protocols and perioperative practices may have evolved. Plaque morphology was based
on DUS classification rather than systematic histopathological confirmation, and circle of
Willis completeness was derived from clinically available CTA/MRA rather than from
a standardized research protocol. Finally, because all patients were treated at a single
institution and the sample size was limited, external validity remains constrained.

Despite these limitations, the study addresses an underreported clinical scenario and
proposes a transparent imaging-based definition for future research. The findings suggest
that patients with symptomatic severe carotid stenosis and extensive ipsilateral hypoper-
fusion, but without large established infarction, may represent a rare high-risk subgroup
in whom urgent revascularization can be considered after multidisciplinary evaluation.
The target imaging-defined phenotype accounted for only 27 of the 481 patients (5.6%)
with symptomatic carotid stenosis managed during the 10-year study period, supporting
its rarity even within a high-volume tertiary stroke hub. Prospective multicentre studies
should validate perfusion thresholds, quantify hypoperfusion and core volumes, stan-
dardize plaque and collateral assessment, and compare urgent versus early-but-delayed
treatment strategies.
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5. Conclusions

Urgent carotid revascularization for symptomatic high-grade carotid stenosis associ-
ated with ipsilateral hemispheric hypoperfusion was feasible in this carefully selected co-
hort and was not associated with observed 30-day death, stroke, intracranial haemorrhage,
MAES, or target-lesion reintervention. All patients had severe ipsilateral NASCET-style
stenosis, extensive perfusion-imaging evidence of ipsilateral hypoperfusion involving at
least one third of the anterior circulation territory, and no large established infarction
or hemorrhage.

These findings suggest that, although rare, carotid-related cerebral events may occur
through a predominantly hemodynamic pathway when severe stenosis coexists with
limited collateral compensation. In such cases, perfusion imaging and collateral assessment
may help identify patients who should be considered for urgent or very early carotid
revascularization with the same clinical attention usually reserved for unstable symptomatic
carotid presentations. Given the retrospective design, single-centre setting, and small
sample size, these conclusions remain hypothesis-generating and require prospective
multicentre validation.
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Abbreviations

The following abbreviations are used in this manuscript:

ADC Apparent diffusion coefficient

BMT Best medical therapy

CAS Carotid artery stenting

CEA Carotid endarterectomy

CI Confidence interval

CT Computed tomography

CTA Computed tomography angiography
CTp Computed tomography perfusion
DAPT Dual antiplatelet therapy

DUS Doppler Ultrasound

DWI Diffusion-weighted imaging
DW-MRI  Diffusion-weighted magnetic resonance imaging
ICA Internal carotid artery

ICU Intensive care unit
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IOR Interquartile range

MAE Major adverse event

MRA Magnetic resonance angiography
MRI Magnetic resonance imaging

MR Magnetic resonance

MTT Mean transit time

NASCET North American Symptomatic Carotid Endarterectomy Trial
NIHSS National Institutes of Health Stroke Scale

pPSv Peak systolic velocity

TIA Transient ischemic attack

Tmax Time-to-maximum

TTP Time-to-peak

References

1.

10.

11.

12.

13.

14.

15.

16.

Feigin, V.L.; Brainin, M.; Norrving, B.; Martins, S.; Sacco, R.L.; Hacke, W.; Fisher, M.; Pandian, J.; Lindsay, P. World Stroke
Organization (WSO): Global Stroke Fact Sheet 2022. Int. ]. Stroke 2022, 17, 18-29. [CrossRef] [PubMed]

Flaherty, M.L.; Kissela, B.; Khoury, ].C.; Alwell, K.; Moomaw, C.J.; Woo, D.; Khatri, P,; Ferioli, S.; Adeoye, O.; Broderick, J.P; et al.
Carotid Artery Stenosis as a Cause of Stroke. Neuroepidemiology 2013, 40, 36—41. [CrossRef] [PubMed]

Ay, H.; Arsava, E2M.; Andsberg, G.; Benner, T.; Brown, R.D.; Chapman, S.N.; Cole, ] W.; Delavaran, H.; Dichgans, M.; Engstrom,
G.; et al. Pathogenic Ischemic Stroke Phenotypes in the NINDS-Stroke Genetics Network. Stroke 2014, 45, 3589-3596. [CrossRef]
[PubMed]

Mechtouff, L.; Rascle, L.; Crespy, V.; Canet-Soulas, E.; Nighoghossian, N.; Millon, A. A Narrative Review of the Pathophysiology
of Ischemic Stroke in Carotid Plaques: A Distinction versus a Compromise between Hemodynamic and Embolic Mechanism.
Ann. Transl. Med. 2021, 9, 1208. [CrossRef] [PubMed]

Khan, A.A; Patel, J.; Desikan, S.; Chrencik, M.; Martinez-Delcid, J.; Caraballo, B.; Yokemick, J.; Gray, V.L.; Sorkin, J.D.; Cebral, J.;
et al. Asymptomatic Carotid Artery Stenosis Is Associated with Cerebral Hypoperfusion. J. Vasc. Surg. 2021, 73, 1611-1621.e2.
[CrossRef] [PubMed]

Gupta, A.; Chazen, ].L.; Hartman, M.; Delgado, D.; Anumula, N.; Shao, H.; Mazumdar, M.; Segal, A.Z.; Kamel, H.; Leifer, D.; et al.
Cerebrovascular Reserve and Stroke Risk in Patients With Carotid Stenosis or Occlusion. Stroke 2012, 43, 2884-2891. [CrossRef]
[PubMed]

Viticchi, G.; Falsetti, L.; Potente, E.; Bartolini, M.; Silvestrini, M. Impact of Carotid Stenosis on Cerebral Hemodynamic Failure
and Cognitive Impairment Progression: A Narrative Review. Ann. Transl. Med. 2021, 9, 1209. [CrossRef] [PubMed]

Wegener, S.; Baron, ].C.; Derdeyn, C.P.; Fierstra, J.; Fromm, A.; Klijn, C.J.M.; van Niftrik, C.H.B.; Schaafsma, ].D. Hemodynamic
Stroke: Emerging Concepts, Risk Estimation, and Treatment. Stroke 2024, 55, 1940-1950. [CrossRef] [PubMed]

Ferguson, G.G.; Eliasziw, M.; Barr, HW.K_; Clagett, G.P.; Barnes, RW.; Wallace, M.C.; Taylor, D.W.; Haynes, R.B.; Finan, ] W,;
Hachinski, V.C,; et al. The North American Symptomatic Carotid Endarterectomy Trial. Stroke 1999, 30, 1751-1758. [CrossRef]
[PubMed]

Randomised Trial of Endarterectomy for Recently Symptomatic Carotid Stenosis: Final Results of the MRC European Carotid
Surgery Trial (ECST). Lancet 1998, 351, 1379-1387. [CrossRef]

Rothwell, P; Eliasziw, M.; Gutnikov, S.; Warlow, C.; Barnett, H. Endarterectomy for Symptomatic Carotid Stenosis in Relation to
Clinical Subgroups and Timing of Surgery. Lancet 2004, 363, 915-924. [CrossRef] [PubMed]

Rerkasem, A.; Orrapin, S.; Howard, D.P,; Rerkasem, K. Carotid endarterectomy for symptomatic carotid stenosis. Cochrane
Database Syst. Rev. 2020, 2020, CD001081. [CrossRef] [PubMed]

Naylor, R.; Rantner, B.; Ancetti, S.; de Borst, G.J.; De Carlo, M.; Halliday, A.; Kakkos, S.K.; Markus, H.S.; McCabe, D.J.H.; Sillesen,
H.; et al. Editor’s Choice—European Society for Vascular Surgery (ESVS) 2023 Clinical Practice Guidelines on the Management of
Atherosclerotic Carotid and Vertebral Artery Disease. Eur. |. Vasc. Endovasc. Surg. 2023, 65, 7-111. [CrossRef] [PubMed]
AbuRahma, A.F,; Avgerinos, E.D.; Chang, R.W.; Darling, R.C.; Duncan, A.A_; Forbes, T.L.; Malas, M.B.; Murad, M.H.; Perler, B.A ;
Powell, R.J.; et al. Society for Vascular Surgery Clinical Practice Guidelines for Management of Extracranial Cerebrovascular
Disease. J. Vasc. Surg. 2022, 75, 45-22S. [CrossRef] [PubMed]

Bonati, L.H.; Kakkos, S.; Berkefeld, J.; de Borst, G.J.; Bulbulia, R.; Halliday, A.; van Herzeele, I.; Koncar, I.; McCabe, D.J; Lal, A,;
et al. European Stroke Organisation Guideline on Endarterectomy and Stenting for Carotid Artery Stenosis. Eur. Stroke J. 2021, 6,
I-XLVILI. [CrossRef] [PubMed]

Pritz, M.B. Timing of Carotid Endarterectomy After Stroke. Stroke 1997, 28, 2563-2567. [CrossRef] [PubMed]

https://doi.org/10.3390/radiation6030031


https://doi.org/10.1177/17474930211065917
https://www.ncbi.nlm.nih.gov/pubmed/34986727
https://doi.org/10.1159/000341410
https://www.ncbi.nlm.nih.gov/pubmed/23075828
https://doi.org/10.1161/STROKEAHA.114.007362
https://www.ncbi.nlm.nih.gov/pubmed/25378430
https://doi.org/10.21037/atm-20-7490
https://www.ncbi.nlm.nih.gov/pubmed/34430649
https://doi.org/10.1016/j.jvs.2020.10.063
https://www.ncbi.nlm.nih.gov/pubmed/33166609
https://doi.org/10.1161/STROKEAHA.112.663716
https://www.ncbi.nlm.nih.gov/pubmed/23091119
https://doi.org/10.21037/atm-20-7226
https://www.ncbi.nlm.nih.gov/pubmed/34430650
https://doi.org/10.1161/STROKEAHA.123.044386
https://www.ncbi.nlm.nih.gov/pubmed/38864227
https://doi.org/10.1161/01.STR.30.9.1751
https://www.ncbi.nlm.nih.gov/pubmed/10471419
https://doi.org/10.1016/S0140-6736(97)09292-1
https://doi.org/10.1016/S0140-6736(04)15785-1
https://www.ncbi.nlm.nih.gov/pubmed/15043958
https://doi.org/10.1002/14651858.cd001081.pub4
https://www.ncbi.nlm.nih.gov/pubmed/32918282
https://doi.org/10.1016/j.ejvs.2022.04.011
https://www.ncbi.nlm.nih.gov/pubmed/35598721
https://doi.org/10.1016/j.jvs.2021.04.073
https://www.ncbi.nlm.nih.gov/pubmed/34153348
https://doi.org/10.1177/23969873211012121
https://www.ncbi.nlm.nih.gov/pubmed/34414302
https://doi.org/10.1161/01.STR.28.12.2563
https://www.ncbi.nlm.nih.gov/pubmed/9412650
https://doi.org/10.3390/radiation6030031

Radiation 2026, 6, 31 16 of 17

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

Powers, W.].; Rabinstein, A.A.; Ackerson, T.; Adeoye, O.M.; Bambakidis, N.C.; Becker, K ; Biller, ].; Brown, M.; Demaerschalk,
B.M.; Hoh, B; et al. Guidelines for the Early Management of Patients With Acute Ischemic Stroke: 2019 Update to the 2018
Guidelines for the Early Management of Acute Ischemic Stroke: A Guideline for Healthcare Professionals from the American
Heart Association/ American Stroke Association. Stroke 2019, 50, e344—e418. [CrossRef] [PubMed]

Demeestere, J.; Wouters, A.; Christensen, S.; Lemmens, R.; Lansberg, M.G. Review of Perfusion Imaging in Acute Ischemic Stroke.
Stroke 2020, 51, 1017-1024. [CrossRef] [PubMed]

Olivot, ].-M.; Mlynash, M.; Thijs, V.N.; Kemp, S.; Lansberg, M.G.; Wechsler, L.; Bammer, R.; Marks, M.P.; Albers, G.W. Optimal
Tmax Threshold for Predicting Penumbral Tissue in Acute Stroke. Stroke 2009, 40, 469—475. [CrossRef] [PubMed]

Zaro-Weber, O.; Moeller-Hartmann, W.; Heiss, W.-D.; Sobesky, ]. Maps of Time to Maximum and Time to Peak for Mismatch
Definition in Clinical Stroke Studies Validated With Positron Emission Tomography. Stroke 2010, 41, 2817-2821. [CrossRef]
[PubMed]

Albers, G.W.; Marks, M.P,; Kemp, S.; Christensen, S.; Tsai, ].P.; Ortega-Gutierrez, S.; McTaggart, R.A.; Torbey, M.T.; Kim-Tenser,
M.; Leslie-Mazwi, T.; et al. Thrombectomy for Stroke at 6 to 16 Hours with Selection by Perfusion Imaging. N. Engl. ]. Med. 2018,
378, 708-718. [CrossRef] [PubMed]

Nogueira, R.G.; Jadhav, A.P; Haussen, D.C.; Bonafe, A ; Budzik, R.E; Bhuva, P; Yavagal, D.R.; Ribo, M.; Cognard, C.; Hanel, R.A ;
et al. Thrombectomy 6 to 24 Hours after Stroke with a Mismatch between Deficit and Infarct. N. Engl. . Med. 2018, 378, 11-21.
[CrossRef] [PubMed]

Fainardi, E.; Busto, G.; Morotti, A. Automated Advanced Imaging in Acute Ischemic Stroke. Certainties and Uncertainties. Eur. J.
Radiol. Open 2023, 11, 100524. [CrossRef] [PubMed]

Ma, H.; Campbell, B.C.V,; Parsons, M.W.; Churilov, L.; Levi, C.R.; Hsu, C.; Kleinig, T.].; Wijeratne, T.; Curtze, S.; Dewey, HM.;
et al. Thrombolysis Guided by Perfusion Imaging up to 9 Hours after Onset of Stroke. N. Engl. . Med. 2019, 380, 1795-1803.
[CrossRef] [PubMed]

Campbell, B.C.V,; Ma, H.; Ringleb, P.A.; Parsons, M.W.; Churilov, L.; Bendszus, M.; Levi, C.R.; Hsu, C.; Kleinig, T.].; Fatar, M.;
et al. Extending Thrombolysis to 4-5-9 h and Wake-up Stroke Using Perfusion Imaging: A Systematic Review and Meta-Analysis
of Individual Patient Data. Lancet 2019, 394, 139-147. [CrossRef] [PubMed]

von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Getzsche, P.C.; Vandenbroucke, ]J.P. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) Statement: Guidelines for Reporting Observational Studies. Lancet 2007, 370,
1453-1457. [CrossRef] [PubMed]

Fox, A.J. How to Measure Carotid Stenosis. Radiology 1993, 186, 316-318. [CrossRef] [PubMed]

Geroulakos, G.; Ramaswami, G.; Nicolaides, A.; James, K.; Labropoulos, N.; Belcaro, G.; Holloway, M. Characterization of
Symptomatic and Asymptomatic Carotid Plaques Using High-Resolution Real-Time Ultrasonography. J. Br. Surg. 1993, 80,
1274-1277. [CrossRef] [PubMed]

Brinjikji, W.; Rabinstein, A.A.; Lanzino, G.; Murad, M.H.; Williamson, E.E.; DeMarco, ] K.; Huston, J., III. Ultrasound Characteris-
tics of Symptomatic Carotid Plaques: A Systematic Review and Meta-Analysis. Cerebrovasc. Dis. 2015, 40, 165-174. [CrossRef]
[PubMed]

Mathiesen, E.B.; Benaa, K.H.; Joakimsen, O. Echolucent Plaques Are Associated With High Risk of Ischemic Cerebrovascular
Events in Carotid Stenosis. Circulation 2001, 103, 2171-2175. [CrossRef] [PubMed]

Zhu, G.; Yuan, Q.; Yang, J.; Yeo, ].H. The Role of the Circle of Willis in Internal Carotid Artery Stenosis and Anatomical Variations:
A Computational Study Based on a Patient-Specific Three-Dimensional Model. Biomed. Eng. Online 2015, 14, 107. [CrossRef]
[PubMed]

Lv, H,; Fu, K;; Liu, W,; He, Z,; Li, Z. Numerical Study on the Cerebral Blood Flow Regulation in the Circle of Willis with the
Vascular Absence and Internal Carotid Artery Stenosis. Front. Bioeng. Biotechnol. 2024, 12, 1467257. [CrossRef] [PubMed]
Donners, S.J.A.; van Velzen, T.].; Cheng, S.F,; Gregson, ].; Hazewinkel, A.D.; Pizzini, F.B.; Emmer, B.].; Simister, R.; Richards, T.;
Lyrer, PA.; et al. Optimised Medical Therapy Alone versus Optimised Medical Therapy plus Revascularisation for Asymptomatic
or Low-to-Intermediate Risk Symptomatic Carotid Stenosis (ECST-2): 2-Year Interim Results of a Multicentre Randomised Trial.
Lancet Neurol. 2025, 24, 389-399. [CrossRef] [PubMed]

Twine, C.P,; Kakkos, S.K.; Aboyans, V.; Baumgartner, I.; Behrendt, C.-A.; Bellmunt-Montoya, S.; Jilma, B.; Nordanstig, J.; Saratzis,
A.; Reekers, ].A,; et al. Editor’s Choice—European Society for Vascular Surgery (ESVS) 2023 Clinical Practice Guidelines on
Antithrombotic Therapy for Vascular Diseases. Eur. |. Vasc. Endovasc. Surg. 2023, 65, 627—-689. [CrossRef] [PubMed]
Kleindorfer, D.O.; Towfighi, A.; Chaturvedi, S.; Cockroft, K.M.; Gutierrez, J.; Lombardi-Hill, D.; Kamel, H.; Kernan, W.N; Kittner,
S.J.; Leira, E.C.; et al. 2021 Guideline for the Prevention of Stroke in Patients With Stroke and Transient Ischemic Attack: A
Guideline From the American Heart Association/American Stroke Association. Stroke 2021, 52, e364—e467. [CrossRef] [PubMed]
Johnston, S.C.; Easton, ].D.; Farrant, M.; Barsan, W.; Conwit, R.A.; Elm, ].J.; Kim, A.S.; Lindblad, A.S.; Palesch, Y.Y. Clopidogrel
and Aspirin in Acute Ischemic Stroke and High-Risk TIA. N. Engl. ]. Med. 2018, 379, 215-225. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/radiation6030031


https://doi.org/10.1161/STR.0000000000000211
https://www.ncbi.nlm.nih.gov/pubmed/31662037
https://doi.org/10.1161/STROKEAHA.119.028337
https://www.ncbi.nlm.nih.gov/pubmed/32008460
https://doi.org/10.1161/STROKEAHA.108.526954
https://www.ncbi.nlm.nih.gov/pubmed/19109547
https://doi.org/10.1161/STROKEAHA.110.594432
https://www.ncbi.nlm.nih.gov/pubmed/21030699
https://doi.org/10.1056/NEJMoa1713973
https://www.ncbi.nlm.nih.gov/pubmed/29364767
https://doi.org/10.1056/NEJMoa1706442
https://www.ncbi.nlm.nih.gov/pubmed/29129157
https://doi.org/10.1016/j.ejro.2023.100524
https://www.ncbi.nlm.nih.gov/pubmed/37771657
https://doi.org/10.1056/NEJMoa1813046
https://www.ncbi.nlm.nih.gov/pubmed/31067369
https://doi.org/10.1016/S0140-6736(19)31053-0
https://www.ncbi.nlm.nih.gov/pubmed/31128925
https://doi.org/10.1016/S0140-6736(07)61602-X
https://www.ncbi.nlm.nih.gov/pubmed/18064739
https://doi.org/10.1148/radiology.186.2.8421726
https://www.ncbi.nlm.nih.gov/pubmed/8421726
https://doi.org/10.1002/bjs.1800801016
https://www.ncbi.nlm.nih.gov/pubmed/8242296
https://doi.org/10.1159/000437339
https://www.ncbi.nlm.nih.gov/pubmed/26279159
https://doi.org/10.1161/01.CIR.103.17.2171
https://www.ncbi.nlm.nih.gov/pubmed/11331258
https://doi.org/10.1186/s12938-015-0105-6
https://www.ncbi.nlm.nih.gov/pubmed/26608827
https://doi.org/10.3389/fbioe.2024.1467257
https://www.ncbi.nlm.nih.gov/pubmed/39239254
https://doi.org/10.1016/s1474-4422(25)00107-3
https://www.ncbi.nlm.nih.gov/pubmed/40252662
https://doi.org/10.1016/j.ejvs.2023.03.042
https://www.ncbi.nlm.nih.gov/pubmed/37019274
https://doi.org/10.1161/STR.0000000000000375
https://www.ncbi.nlm.nih.gov/pubmed/34024117
https://doi.org/10.1056/NEJMoa1800410
https://www.ncbi.nlm.nih.gov/pubmed/29766750
https://doi.org/10.3390/radiation6030031

Radiation 2026, 6, 31 17 of 17

37.

38.

39.

40.

41.

42.

43.

Wang, Y.; Wang, Y.; Zhao, X,; Liu, L.; Wang, D.; Wang, C.; Wang, C.; Li, H.; Meng, X.; Cui, L.; et al. Clopidogrel with Aspirin in
Acute Minor Stroke or Transient Ischemic Attack. N. Engl. J. Med. 2013, 369, 11-19. [CrossRef] [PubMed]

Li, N.; Ge, S.; Hu, J.; Liu, B. Castor Stent Reconstruction of Left Subclavian Artery Reduces the Incidence of Postoperative Cerebral
Infarction of Type B Aortic Dissection with Insufficient Proximal Landing Area: A Propensity Score Matched Analysis. Front.
Cardiovasc. Med. 2026, 13, 1777371. [CrossRef] [PubMed]

Marzano, A.; Gagliardo di Carpinello, G.; Giordano, A.; Cangiano, R.; Ascione, M.; Miceli, F.; Di Girolamo, A.; Bittoni, C.; Pacillo,
M.; di Marzo, L.; et al. Dedicated Single-Branch Platforms for Totally Endovascular Zone 2 TEVAR with LSA Revascularization: A
Comparison of Castor/Cratos and Gore TAG Thoracic Branch Endoprosthesis. J. Clin. Med. 2026, 15, 2659. [CrossRef] [PubMed]
David, E.; Martinelli, O.; Pacini, P.; Di Serafino, M.; Huang, P.; Dolcetti, V.; Del Gaudio, G.; Barr, R.G.; Renda, M.; Lucarelli,
G.T.; et al. New Technologies in the Assessment of Carotid Stenosis: Beyond the Color-Doppler Ultrasound—High Frame Rate
Vector-Flow and 3D Arterial Analysis Ultrasound. Diagnostics 2023, 13, 1478. [CrossRef] [PubMed]

Sirignano, P; Stabile, E.; Mansour, W.; Capoccia, L.; Faccenna, E; Intrieri, F.; Ferri, M.; Sacca, S.; Sponza, M.; Mortola, P; et al.
1-Year Results From a Prospective Experience on CAS Using the CGuard Stent System. JACC Cardiovasc. Interv. 2021, 14,
1917-1923. [CrossRef] [PubMed]

Sirignano, P.; Stabile, E.; Mansour, W.; Capoccia, L.; Faccenna, F.; Intrieri, F; Ferri, M.; Sacca, S.; Sponza, M.; Mortola, P; et al.
1-Month Results From a Prospective Experience on CAS Using CGuard Stent System. JACC Cardiovasc. Interv. 2020, 13, 2170-2177.
[CrossRef] [PubMed]

Massop, D.; Dave, R.; Metzger, C.; Bachinsky, W.; Solis, M.; Shah, R.; Schultz, G.; Schreiber, T.; Ashchi, M.; Hibbard, R. Stenting
and Angioplasty with Protection in Patients at High-Risk for Endarterectomy: SAPPHIRE Worldwide Registry First 2,001 Patients.
Catheter. Cardiovasc. Interv. 2009, 73, 129-136. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/radiation6030031


https://doi.org/10.1056/NEJMoa1215340
https://www.ncbi.nlm.nih.gov/pubmed/23803136
https://doi.org/10.3389/fcvm.2026.1777371
https://www.ncbi.nlm.nih.gov/pubmed/41908054
https://doi.org/10.3390/jcm15072659
https://www.ncbi.nlm.nih.gov/pubmed/41976960
https://doi.org/10.3390/diagnostics13081478
https://www.ncbi.nlm.nih.gov/pubmed/37189578
https://doi.org/10.1016/j.jcin.2021.05.045
https://www.ncbi.nlm.nih.gov/pubmed/34391704
https://doi.org/10.1016/j.jcin.2020.05.026
https://www.ncbi.nlm.nih.gov/pubmed/32861633
https://doi.org/10.1002/ccd.21844
https://www.ncbi.nlm.nih.gov/pubmed/18924164
https://doi.org/10.3390/radiation6030031

	Introduction 
	Materials and Methods 
	Study Design 
	Patient Population 
	Neurological Assessment 
	Carotid and Collateral Assessment 
	Perfusion Imaging Assessment 
	Revascularization Strategy and Antithrombotic Management 
	Endpoints and Follow-Up 
	Statistical Analysis 

	Results 
	Baseline Clinical, Carotid, and Collateral Characteristics 
	Perfusion Imaging and Procedural Characteristics 
	Early Outcomes 
	Long-Term Follow-Up 

	Discussion 
	Conclusions 
	References

