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Background and Purpose: Carotid endarterectomy (CEA) in symptomatic carotid stenosis (SCS) may have a higher
risk of perioperative stroke due to disease severity or hemorrhagic conversion. This study aimed to evaluate CEA
outcomes for SCS and examine causes of post-operative stroke based on intervention timing and preoperative
symptoms.

Methods: All CEAs performed for SCS from 2012 to 2023 across two metropolitan hospitals were analyzed. CEAs
were performed with general anesthesia, patching, and shunting. Post-operative (30-day) strokes were classified
as technical, hemorrhagic, or embolic and were evaluated by timing (<48 h, 48h-2 weeks, >2 weeks) and
preoperative symptoms (TIA/amaurosis fugax, minor stroke, moderate-severe stroke, crescendo TIAs/stroke in
evolution). Stroke severity was assessed using the modified Rankin Scale (mRS).

Results: Among 664 CEAs, post-operative stroke occurred in 3.0 % of cases. Timing significantly influenced stroke
rates: 5.7 % <48 h, 4.0 % between 48h-2 weeks, and 1.4 % >2 weeks (P = .04). Preoperative symptoms also
affected stroke rates, with highest rates following crescendo TIAs/stroke in evolution (7.5 %, P = .02). Early CEA
(<48 h) independently increased stroke risk (odds ratio 5.6, P = .04), and hemorrhagic strokes were associated
with <48 h interventions (P = .005). Major strokes occurred in 1.1 % of cases, linked to preoperative symptoms
(P = .05), but not intervention timing.

Conclusions: CEA for SCS carries an acceptable stroke risk overall, though early intervention (<48 h) increases
hemorrhagic stroke risk. Major strokes are more frequent following crescendo TIA/stroke in evolution, with no
association to timing.

Introduction reports a significantly higher rate of post-operative stroke in CEA per-

formed within 48 hours from symptoms. Considering these results and

Carotid endarterectomy (CEA) has been proven to be effective for
stroke prevention in patients with symptomatic carotid stenosis (SCS).
However, the long-term benefit of CEA in stroke prevention is still
hampered by strokes that occur within the perioperative phase. Recent
recommendations suggest to perform CEA within 14 days from the index
symptoms to reduce the risk of recurrent ischemic events. However, the
recommendations regarding a very early CEA (i.e. within 48 hours)
differ among the major society guidelines> (EJVES - European Society
for Vascular and Endovascular Surgery and SVS - Society for Vascular
Surgery) as a consequence of a diverse analysis of the literature. The
Swedish experience,” compared with the UK® and the German® data,

those of the Vascular Quality Initiative,” the SVS guidelines3 recommend
to perform CEA within 2 weeks from symptoms onset yet after 48 h
Differently The ESVS guidelines” recommend CEA within 2 weeks form
symptoms with no mention about a possible treatment within 48 h from
symptoms

Another element possibly affecting the CEA outcome is the type of
the index symptom. Patients suffering from stroke seem to have a higher
risk of post-operative events compared to patients with TIA, and the risk
is further increased in case of moderate/severe stroke or crescendo TIA/
stroke in evolution.! However, the data on the outcome of SCS according
to the type of index symptom are contradictory.®'° A recent experience®
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reports a similar rate of postoperative stroke independently of the type
of index symptom: 2 % in patients with mRS <3 and 5 % in patients with
moderate/severe stroke (mRS 3-5). However, the low number of pa-
tients included in the study may affect these results. A recent systematic
review confirmed a worse outcome of CEA after stroke compared with
transient symptoms of TIA and AF1.

Overall, the interaction between the timing of CEA after the index
event and the type of index symptom has been scarcely investigated in
the literature but is extremely important in practical clinical activities.
In our previous experiences we investigated selectively patients with
moderate stroke and large volume cerebral ischemic lesions submitted
to CEA,”!! and we identified a significant higher post-operative com-
plications rate in those surgically treated in the first month from
symptoms.

Moreover, different aetiologies can lead to a post-operative stroke:
haemorrhagic conversions of the ischemic lesions, technical flaws, or
plaque embolization during the carotid dissection, which can be a
confounding factor in the analysis of SCS revascularization outcomes.
The present study aimed to evaluate the outcome of CEA for SCS and to
investigate the severity and possible causes of post-operative strokes
according to the timing of intervention and index symptom.

Methods
Patients

All CEAs performed from 2012 to 2023 in two large community
hospitals, hubs for 6 peripheral hospitals for patients who suffered of
stroke. Patients were prospectively entered into a dedicated database,
reporting the clinical characteristics, cardiovascular risk factors and
technical surgical aspects, as previously reported.'’ The patients
included in the study had a SCS >50 %, in accordance with the current
guidelines for CEA.”

The study was performed following the rules of our institutional
Ethical Review Board (CE-AVEC — n. 3686) and all patients gave their
informed consent. The database was de-identified according to the Eu-
ropean General Data Protection Regulation (EU 2016/679).

Neurological symptoms definitions and timing of CEA after index event

All patients were preoperatively evaluated by an in-hospital
neurologist and preoperative neurological symptoms were categorized
according to the current guidelines and modified Rankin scale (mRS)"?
in: transient ischemic attack (TIA)/Amaurosis fugax (AF), minor stroke
(mRS: 0-2), Moderate severe stroke (mRS: 3-4), crescendo TIA (cTIA) /
stroke in evolution (Se). mRS grades stroke-related disability as
0 (none), 1 (not significant), 2 to 3 (moderate), 4 to 5 (severe), and 6
(dead). The timing of CEA was defined with the neurologist according to
the ABCD2 score,' the clinical condition and logistic issues. The main
timing target was to operate the patients within 2 weeks from the index
event, except for moderate /severe stroke that are procrastinated up to
neurological symptoms stabilization. For patients referring from other
hospitals or with neurological symptoms with an uncertain timing onset,
CEA was performed in the earliest possible time.

Definition of procedural stroke

Both ipsilateral and contralateral post-operative (30 days) strokes
were considered. Procedural and post-operative stroke was defined
major with mRS'? values >3; mRS < 2 strokes were classified as minor.

Stroke etiology was classified according to the following definition:

Technical. The stroke was likely caused by a technical defect of the
endarterectomy or other intraoperative complications. Specifically: i)
Acute thrombosis; stroke was associated with a sudden complete throm-
bosis localized at the endarterectomy site. ii) Residual flap; a residual flap
was identified at the site of endarterectomy by radiological assessment

Journal of Stroke and Cerebrovascular Diseases 34 (2025) 108441

after the stroke onset or during a surgical revision. iii) Intraoperative
complications; other possible causes of stroke associated with the inter-
vention, such as an iatrogenic dissection or other injury of the internal
carotid artery.

Embolic. No defects were identified at the site of endarterectomy by
radiological imaging or during the surgical revision, and were further
divided into i) immediate embolic stroke; possible embolization during the
dissection and late embolic stroke; embolization from other possible
sources occurring after the index procedure.

Hemorrhagic. Hemorrhagic stroke

Contralateral. Any stroke - ischemic or hemorrhagic - in the
contralateral hemisphere of CEA. This particular etiology of stroke was
considered in the analysis of the different causes of stroke and their
intensity.

In case of stroke identified immediately after CEA, the patient was re-
anesthetized and the carotid bifurcation re-explored. A direct carotid
digital subtraction angiography was performed to identify possible
causes of stroke and a surgical revision of the endarterectomy was
performed if necessary. In case of stroke occurring outside the operating
room, a cerebral computed tomography angiography of the supra-aortic
and intracerebral vessels was performed in order to establish the ne-
cessity of a surgical revision.

Surgical technique

CEA was routinely performed under general anesthesia, with longi-
tudinal arteriotomy, routine shunting and patching (Dacron) and cere-
bral near infrared spectroscopy monitoring (NIRS). Eversion
endarterectomy was alternatively performed when anatomically indi-
cated. Shunting (Bard, 8195 Industrial Blvd. Covington, GA 30014 USA)
was used routinely after plaque removal. NIRS monitoring was
employed in all cases despite routine shunting, in order to ascertain
efficacy of brain perfusion. Intraoperative duplex ultrasonography was
performed for quality control.

Statistical analysis

Continuous variables were described with mean and standard devi-
ation (SD) for normal distribution and were compared by unpaired
Student’ t-test. The differences between percentages were assessed using
Fisher’s test or Chi-square test, when appropriate. Multivariate analysis
was performed to investigate the influence of different risk factors on
post CEA stroke by binary logistic regression including in the model
timing of surgery and type of symptoms, as the categories of reference
were considered the factors with lower risk at the univarible analysis.
Risk factors were reported as odds ratio (OR) and 95 % of confidence
interval (CI). A value of p < .05 (two-tailed) was considered to be sig-
nificant. The statistical tests were performed using SPSS® 21.0 for
Windows® (SPSS, Chicago, Il, USA).

Results
Post-operative stroke according to the timing and type of index symptoms

Over a total of 664 CEAs for SCS, (general clinical characteristics are
reported in the supplementary appendix) 262 (40 %) were performed for
stroke, 322 (48 %) for TIA/FA, and 80 (12 %) for cTIA/Se. Table 1
summarizes the clinical characteristics and the index events.

The mean time elapsed from the index event to CEA was 21 + 7 days.
Ten % (70) of patients were treated within 48 h, 46 % (303) in the period
between 2 and 14 days and 44 % (291) after 2 weeks, as reported in
Table 1.

Twenty (3.0 %) post-operative strokes occurred, as reported in detail
in Table 2. Three post-operative strokes were contralateral. One stroke
was haemorrhagic and occurred in the first 24 h after CEA; the other two
cases were cardio-embolic and occurred in the post-operative day 2.
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Table 1 Table 4

clinical and operative characteristics of the population examined. Binary logistic regression analysis for risk factors for post-operative stroke.
Preoperative symptoms N (%) Factor OR (95 %CI) P
Transient ischemic attack or amaurosis fugax 322 (48) Timing: 24-48h 5.6 (1.4-23) .02
Minor stroke (mRS <2) 130 (20) Timing: 3-14 days 1.5 (0.4-5.6) .50
Moderate Severe stroke (mRS 3-4) 132 (20) Timing: >14 days ref -
Crescendo TIA/stroke in evolution 80 (12) Symptom: TIA/AF ref -
Timing of CEA Symptom: minor stroke 0.83 (0.84-0.16) .83
<48h 70 (10) Symptom: moderate/severe stroke 2.8 (0.8-9.2) .08
3-14 days 303 (46) - — - - - — . -
>14 days 201 (44) TIA: transient ischemic attack, AF: amaurosis fugax; OR: odd ratio; CI: confi-

dence interval.

mRS: modified Rankin scale; CEA: carotid endarterectomy. Crescendo TIA/ stroke in evolution was not included in the model ‘a priori’.

Table 2 Table 5

30-day post operative event. type of perioperative stroke and timing of carotid endarterectomy.
Events n % Type of post-op stroke <48h 3-14 days >14 days P
Str?ke 20 3.0 Hemorrhagic 4.3 % 0% 0% .005
Ipsilateral stroke 17 2.5 Technical 2.99% 0.7 % 1.0 % 26
Stroke >2 mRS 7 11 Embolic 1.4 % 2.0% 0% .06
Etiology
Ipsilateral Hemorrhagic stroke 3 0.5
Ipsilateral Technical stroke 7 L1 Major post-operative strokes occurred in 7/664 (1.1 %) cases and
Ipsilateral Micro-embolic 7 1.1 ionifi 1 iated with the ind ith a hieh. .
Contralateral (1 hemorrhagic, 2 micro-embolic) 3 05 were significantly associated with the index event with a higher rate in

Excluding the contralateral strokes the 30-day stroke rate was 2.5 %
(n:17).

Two deaths occurred at 30-day for a stroke/death rate of 3.1 %.

The majority, 16/20 (80 %) of post-operative strokes occurred in the
first 24 h after CEA.

The timing from index event to CEA had a significant association
with the post-operative stroke rate: 5.7 % within 48 h, 4.0 % between
48h-2 weeks, and 1.4 % after 2 weeks, P = .04. Similarly, the type of
preoperative symptom affected the post-operative stroke rate: 3 % after
stroke, 1.8 % after TIA/AF, and 8.7 % after cTIA/Se, P = .02. Table 3
reports the stratification of post-operative stroke according with the type
of index event and the timing of CEA.

On binary logistic regression analysis of post-operative stroke ac-
cording with timing of surgery and type of index event identified that
patients with treated in <48 h had higher rate of post-operative stroke,
OR 5.6 (95 % CI: 1.4-23), P = .02, Table 4.

Type and severity of post-operative stroke

Twenty (3.0 %) post-operative strokes occurred, 3 (15 %) haemor-
rhagic, 6 (30 %) technical, and 11 (55 %) embolic. Only the timing of
CEA was associated with the type of post-operative stroke. In particular,
CEA performed <48 h was associated with haemorrhagic strokes (all 4
haemorrhagic strokes occurred in CEA <48 h, P = .01), Table 5.

Table 3

30-day stroke rate after carotid endarterectomy for symptomatic carotid artery
stenosis according with the type of preoperative symptoms and the timing of
surgery from symptoms onset.

Preoperative symptoms Total <48h 3-14 days >14 days P

TIA/AF 322 5.6 % 2.9 % 0% .02
(2/36) (4/136) (0/150)

Minor stroke 130 7.1 % 0% 1.5% 12
(1/14) (0/50) (1/66)

Moderate severe stroke 132 12.5% 3.1% 5.1 % .46
(1/8) (2/65) (3/59)

Crescendo TIA / 80 0% 11.5% 0% 17

Stroke in evolution (0/12) (6/52) (0/16)
P .69 .02 .04
Total 664 70 303 291

TIA: transient ischemic attack, AF: amaurosis fugax.

patients with cTIA/Se. The timing of intervention was not associated
with the severity of postoperative stroke, Table 6.

Discussion

This study investigates the outcomes of a prospective maintained
registry of 664 patients who underwent CEA for SCS. This real-world
registry reflects the typical population of SCS patients undergoing
CEA, with about half presenting with transient symptoms (TIA/AF), 40
% with stroke, and 12 % with cTIA/Se. The timing of CEA after index
event is reasonably acceptable; 56 % of patients were treated within two
weeks of symptom onset, considering also patients with moderate to
severe stroke (20 %), who usually experience longer waiting times
before surgery.

The overall post-operative stroke rate of 3 % aligns with the existing
literature,*” with specific rates of 1.9 % and 1.4 % for patients with
perioperative TIA/AF or minor stroke, respectively. The study confirms
a higher rate of post-operative stroke in patients with preoperative
moderate to severe strokel or crescendo symptoms.'*'® This finding is
consistent with the literature, which often reports a higher rate of
post-operative events in patients with crescendo symptoms, dis-
tinguishing them from the typical symptomatic carotid stenosis patients,
who are generally treated after single episodes. However, this study
found a higher post-operative stroke rate in patients with moderate to
severe stroke, differently from other studies, where patients with minor
and more severe strokes have similar outcomes.®

Stratification of index event and surgery timing revealed that un-
dergoing surgery within 48 hours is an independent risk factor for post-

Table 6
severe stroke (mRS>2) after CEA according with preoperative symptoms and
timing of surgery.

Preoperative symptoms % P
Transient ischemic attack or amaurosis fugax 0%

Minor stroke (mRS <2) 1.5%

Moderate Severe stroke (mRS 3-4) 1.5% .05
Crescendo TIA/stroke in evolution 3.8%

Timing of CEA

<48h 1.4 %

3-14 days 1.3% .16
>14 days 0.7 %

CEA: carotid endarterectomy; mRS: modified Rankin scale; TIA: transient
ischemic attack.
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operative stroke. Moderate to severe stroke showed a trend towards
significance. These results corroborate findings from other registries,
confirming the increased risk associated with urgent CEA (<48 h),
regardless of preoperative symptoms. Similar data from the Swedish
registry” and VQI” analysis support this finding. The UK registry” simi-
larly reported a higher rate of 30-day stroke/death in patients treated
within 48 h but with and acceptable event rate of 3.7 %. Conversely, the
German registry® reports a similar in-hospital stroke/death rate in the
different timing of surgery; however, the in-hospital analysis reduces the
time of evaluation of post-operative (30-day) events.

These discrepancies suggest that detailed patient data, including
preoperative symptoms, should be considered when assessing post-
operative stroke rate, causes and severity.

Evaluating the causes of the post-operative stroke, haemorrhagic
strokes were predominantly associated with CEA performed within 48
hours of symptom onset, with all haemorrhagic events occurring in
patients operated urgently. This observation can reduce potential con-
founding factors in the analysis of post-operative stroke concerning
surgery timing, highlighting a non-technical bias towards worse out-
comes in urgent settings.m'19

The analysis of the causes of post-operative stroke after CEA is sur-
prising low evaluated in literature; there are some evaluations for
asymptomatic patients but few studies on symptomatic patients,?®>!
probably for the difficulty to establish the causes of pots-operative stroke
considering that in some experience about 7 % are contralateral and 18
% are haemorrhagic.

Severe post-operative stroke, leading to significant disability, is
relatively rare, with a 1.1 % event rate. This severe complication is
associated with preoperative cTIA/Se, suggesting increased cerebral
tissue sensitivity to ischemia in these patients. However, surgery timing
did not correlate with post-operative stroke severity.

The present data raise some concerns regarding the treatment with
CEA within 48 hours, especially considering the potential reduction in
the risk of recurrent stroke after symptoms with modern medical ther-
apies such as dual antiplatelet therapy, high-dose antihypertensive
medication, and statins. Some studies’”>* have reported that symptom
recurrence in the first 48 hours can be significantly reduced to <1 %
compared to the NASCET?® or ECST?® trials with an aggressive medical
approach; nevertheless, half of the strokes recurred in the first 48 h from
index event. The previous data in literature are still contradictory: some
experiences indicate that the 48-hour recurrence ischemic neurological
events rate is as low as 5 %,2”"*% up to 9 % of Mono et al.>” and as high as
21 % in the experience of Ois et al.,*’ but in these studies no aggressive
medical therapy was applied.

By the way, the risk of stroke at 48 h after neurological symptoms
need an accurate analysis also according to the type of index event: in
NASCET trial the 48 h risk of stroke after TIA was 5.5 % and after stroke
was 0 %, therefore according to the present data the benefit from a 48 h
CEA after stroke is dubitable.!

The present study suffers from some limits. The observational nature
of the study affects the patients selection for CEA and also the timing as
well the logistic issues from the peripheral hospitals can delay same
urgent treatment and the absence of a control group with modern and
aggressive medical therapies after symptoms onset did not allow a
complete view on this topic.

Additionally, given that the majority of post-operative strokes
occurred within 24 hours of surgery, it is difficult to completely rule out
the possibility that some of these events represented ongoing or recur-
rent ischemic events that began immediately prior to or during the
procedure.

The findings of the present study suggest that an adequate patient
selection for urgent CEA should involve evaluating the risk of stroke
recurrence, potentially using the ABCD? score, and employing more
sensitive imaging modalities than computed tomography, such as
magnetic resonance imaging, to identify cerebral conditions that may
pose risks for surgery. This approach could help mitigate the heightened
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risk associated with performing CEA within 48 hours of symptom onset,
which should be considered with an adequate patient selection.

In conclusion, the data of the present work suggest a higher risk for
post-operative stroke after CEA within the first 48 hours from symptom
onset, independently of the type of preoperative symptoms, with a
significantly higher risk of haemorrhagic strokes. Severe post-operative
stroke is infrequent (1.1 %) and it is not associated with the timing of
CEA.
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