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Abstract
Purpose Data in the literature suggest that thrombectomy with emergency carotid artery stenting (CAS) in acute stroke
is associated with an increased hemorrhage rate. As we perform thrombectomy with the patient under general anesthesia,
we avoid emergency CAS and perform emergency carotid endarterectomy (CEA) as an alternative to CAS in the same
anesthesia session in our angiography suite whenever needed and possible.
Methods We compared 27 thrombectomy patients with emergency CEA and 62 thrombectomy patients with emergency
CAS and glycoprotein (Gp) IIb/IIIa inhibitors and/or dual antiplatelet therapy (DAPT) in the same time span.
Results The symptomatic hemorrhage rate was 0% (0/27) in the CEA group and 8% (5/62) in the CAS group (p= 0.317).
The parenchymal hemorrhage rate (PH2) was 7% (2/27) in the CEA group and 16% (10/62) in the CAS group (p= 0.333).
Both cases of PH2 in the CEA group occurred during the intervention and were diagnosed on immediate postinterventional
imaging, whereas in the CAS group only 2/10 cases of PH2 occurred during the intervention and the remaining 8 PH2
occurred within 3 days after the intervention (p= 0.048). Clinical outcome at 90 days was comparable with 39% of CEA
and 51% of CAS patients achieving good clinical outcome (modified Rankin scale, mRS 0–2, p= 0.452).
Conclusion The use of CEA is a feasible alternative to CAS in acute stroke and has the advantage that DAPT/GpIIb/IIIa
inhibitors are not needed. All PH2 in CEA patients occurred during the intervention, implying that hemorrhage in this
group is likely to be caused by reperfusion injury, whereas delayed hemorrhage is likely to be caused by DAPT/GpIIb/IIIa
inhibitors.
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Introduction

Stroke is one of the most common causes of disability and
death worldwide. Endovascular stroke treatment allows for
treatment of patients with large vessel occlusion stroke
[1, 2]. Approximately 20% of ischemic strokes are due
to atherosclerotic carotid artery stenosis and approximately
6% of patients who receive endovascular stroke treatment
need additional emergency carotid artery stenting (CAS) for
sufficient stroke therapy [3, 4]. It has been shown that com-
pared to thrombolysis alone, patients with additional CAS
benefit from endovascular treatment despite the inherent
risks of the procedure [5]; however, CAS and subsequent
(obligatory) dual antiplatelet therapy (DAPT) appear to be
associated with an increased risk for parenchymal hemor-
rhage (PH) of up to 43% [6–10].

The CAS procedure in thrombectomy patients is usually
performed either before thrombectomy to gain access to the
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occlusion site, or after thrombectomy to treat a high-grade
stenosis. If treatment of a carotid stenosis is not urgent, it is
common practice in many hospitals to postpone the treat-
ment of the carotid artery and to perform either CAS or
carotid endarterectomy (CEA) in the subacute phase after
thrombectomy. Recently, Slawski et al. reported on 12 cases
in which emergency CEA was performed after thrombec-
tomy [11]. The authors reported that symptomatic intrac-
erebral hemorrhage (sICH) occurred significantly less fre-
quently in CEA patients compared to CAS patients; how-
ever, the practice of their emergency CEA is not further
specified as the exact timepoint of the procedure and pa-
tient management in terms of logistics and anesthesia were
unclear. For our study, we analyzed thrombectomy patients
who received either CEA or CAS in the same anesthesia
session as the thrombectomy and focused our analysis on
the PH rate, which is one of the most relevant factors for
clinical decision making after stroke (e.g. modification of
antiplatelet medication or surgery). Considering that there
is no need for DAPT when CEA is performed instead of
CAS, we hypothesized that our procedure would result in
lower PH rates and improved clinical outcome.

Patients andMethods

Data for this study were based on our prospectively main-
tained stroke registry. This retrospective analysis was ap-
proved by our local ethics board, allowing us to use all
patient data without explicit consent.

Our hospital as a tertiary stroke center has a coverage
of approximately 1.2 million inhabitants. Patient selection
and procedures have been reported previously [12, 13].
For thrombectomy all commonly used techniques are per-
formed in our clinic, such as stent-retriever thrombectomy,
ADAPT (a direct aspiration first pass technique) and com-
bined approaches, such as SAVE (stent-retriever assisted
vacuum-locked extraction) and Solumbra; for carotid stent-
ing the standard device is the Wallstent (Boston Scientific,
Malborough, MA, USA). To avoid CAS and DAPT/GpIIb/
IIIa inhibitors we established an interdisciplinary consen-
sus in our hospital to perform thrombectomy with general
anesthesia and CEA in the same anesthesia session in our
angiography suite either before or after thrombectomy. We
can hereby eliminate the need for a new general anesthe-
sia and avoid blood pressure drops that may cause further
tissue injury through ischemia. Our rationale is to avoid
acute treatment of ICA stenosis altogether whenever pos-
sible, but to perform CEA 1) before or 2) after thrombec-
tomy whenever necessary. We notify our vascular surgery
team, which is available 24/7, whenever 1) surgical access
to the occlusion site is needed because access to the occlu-
sion site via femoral or radial/brachial access is expected

to be difficult and to take longer than 45min or 2) CAS
and DAPT after the procedure are to be avoided (e.g., if
the hemorrhage risk is increased because the patient is anti-
coagulated or the infarction volume is large). The vascular
surgery team is then on hold in our angiography suite and
performs the necessary procedure in the same anesthesia
session before or after thrombectomy. No modifications of
pharmaceutical treatment are made for surgery; hence, in-
travenous thrombolysis is continued during surgery. If not
otherwise contraindicated, all of our CAS patients receive
GpIIb/IIIa inhibitors during and DAPT after intervention as
suggested by the European Recommendations on Organi-
zation of Interventional Care in Acute Stroke (EROICAS)
to avoid thromboembolism [14]. One patient in the CAS
group, who eventually suffered from hemorrhage, did not
receive a GpIIb/IIIa inhibitor during the intervention, for
which we were unable to specify the motive retrospectively.

Between June 2013 and September 2018, a total of 114
consecutive patients in our clinic with occlusions of the
anterior circulation received thrombectomy together with
either emergency CAS or CEA. To homogenize our patient
population, we excluded 21 patients with carotid dissec-
tion and 2 patients were excluded from further analysis
as they received emergency stenting as well as emergency
CEA during hospitalization. One further patient was ex-
cluded from analysis because there was a hemorrhage prior
to thrombectomy and another one was excluded because
imaging data regarding hemorrhage was not adequate. This
left 89 patients to be included in our study (27 CEA and
62 CAS patients).

Primary outcome parameters were the occurrence of
space-occupying parenchymal hemorrhage (defined as PH1
and PH2 according to the European Australasian Acute
Stroke Study, ECASS, with PH1 defined as a hematoma
<30% of the infarcted area with mild space-occupying
effect and PH2 defined as a hematoma >30% of the in-
farcted area with significant space-occupying effect) [15,
16]. Secondary outcome measures were the occurrence of
sICH (parenchymal hemorrhage accompanied by neuro-
logical deterioration of ≥4 points on the National Institutes
of Health Stroke Scale, NIHSS), final infarction size ac-
cording to the Alberta Stroke Program Early CT Score
(ASPECTS), the rate of good clinical outcome according
to the modified Rankin scale (mRS 0–2) and mortality, both
after 90 days [17–19]. We classified PH into a) intrainter-
ventional hemorrhages, if they were seen on immediate
postinterventional imaging, which all patients received and
b) delayed hemorrhages if they were diagnosed on the
obligatory imaging 24h after the procedure or any further
postinterventional imaging indicated by clinical deterio-
ration. Clinical, procedural, and imaging data included
among others baseline characteristics (such as age, sex,
and initial stroke size) and an extended set of variables,
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Table 1 Baseline characteristics, procedural data, and outcome parameters

CEA group (n= 27) CAS group (n= 62) p*

Baseline characteristics and procedural data

Age (years, median) 73 (IQR 62–82) 71 (IQR 63–78) 0.492

Female sex (n) 12/27 (44%) 17/62 (27%) 0.143

NIHSSa upon admission (n) 18 (IQR 12–21) 15 (IQR 9–17) 0.052

ASPECTSb upon admission (n) 9 (IQR 7–9) 9 (IQR 7–10) 0.793

Intravenous (IV) thrombolysis (n) 13/27 (48%) 39/62 (63%) 0.244

Intraarterial (IA) thrombolysis (n) 0/27 2/62 (3%) 1.00

IV+ IA thrombolysis (n) 3/27 (11%) 1/62 (2%) 0.081

No thrombolysis (n) 11/27 (41%) 20/62 (32%) 0.475

Maximum systolic blood pressure during anesthesia (mmHg) (median) 170± 18 165± 22 0.072

Procedural timespan: puncture to postinterventional CT (min) 250± 70 172± 49 <0.001

Medical history

Hypertension (n) 25/27(93%) 51/62 (82%) 0.329

Diabetes mellitus (n) 8/27 (30%) 14/62 (23%) 0.594

Active smoker (n) 10/27 (37%) 24/61 (39%) 1.0

Previous stroke (n) 5/27 (19%) 9/62 (15%) 0.753

Previous medication

Aspirin (ASA) (n) 6/27 (22%) 20/62 (32%) 0.449

Clopidogrel (CPG) (n) 2/27 (7%) 0/62 0.090

Oral anticoagulants (OAC) (n) 0/27 1/62 (2%) 1.00

ASA+CPG (n) 0/27 2/62 (3%) 1.00

ASA+OAC (n) 2 (7%) 0/62 0.090

CPG+OAC (n) 0/27 0/62 –

ASA+CPG+OAC (n) 0/27 1/62 (2%) 1.00

No previous medication (n) 17/27 (63%) 38/62 (61%) 1.00

Hemorrhage (primary outcome)

PH1c (intrainterventional) (n) 1/27(4%) 0 0.303

PH2c (intrainterventional) (n) 2/27(7%) 2/62 (3%) 0.582

PH1 and PH2 (intrainterventional) (n) 3/27(11%) 2/62 (3%) 0.161

PH1 (postinterventional) (n) 1/27(4%) 2/62 (3%) 1

PH2 (postinterventional) (n) 0 8/62 (13%) 0.048

PH1 and PH2 (postinterventional) (n) 1/27(4%) 10/62 (16%) 0.162

PH1 (regardless of timing) (n) 2/27(7%) 2/62 (3%) 0.582

PH2 (regardless of timing) (n) 2/27(7%) 10/62 (16%) 0.333

PH1 and PH2 (regardless of timing) (n) 4/27 (15%) 12/62 (19%) 0.768

Secondary outcome parameters

sICHd (intra-interventional) (n) 0 1/62 (2%) 1

sICH (post-interventional) (n) 0 4/62 (7%) 0.310

sICH (regardless of timing) (n) 0 5/62 (8%) 0.317

Lethal hemorrhage (intra-interventional) (n) 0 0 0

Lethal hemorrhage (post-interventional) (n) 0 2/62 (3%) 1

Final infarction size (ASPECTS) (median) 6 (IQR 5–9) 7 (IQR 5–8) 0.996

mRSe 0–2at 3 months (n) 9/23 (39%) 26/51 (51%) 0.452

Death at 3 months (n) 8/23 (35%) 11/51 (22%) 0.259

ASA aspirin, CAE carotid endarterectomy, CAS carotid artery stenting, CPG clopidogrel, CT computed tomography, IA intraarterial,
IV intraavenous, OAC oral anticoagulants
aNational Institutes of Health Stroke Scale
bAlberta Stroke Program Early CT Score
cParenchymal hemorrhage type 1 and 2
dSymptomatic intracranial hemorrhage
eModified Rankin Scale
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such as arterial pressure during the procedure (Table 1). As
our patient cohort was heterogeneous with patients having
received CAS/CEA before and after thrombectomy, punc-
ture to revascularization times are not an adequate measure
for the procedural length. Because all patients in our in-
stitution undergo computed tomography (CT) imaging
immediately after the procedure, we indicate puncture to
postinterventional CT as a procedural marker that includes
all treatment-associated times.

Statistics

Parametric variables are indicated as mean± standard devia-
tion (SD) and non-parametric variables are indicated as me-
dian and interquartile range (IQR). For comparison of these
variables we used a Student’s t-test or a Mann–Whitney U-
test after testing for normal distribution with a Shapiro-
Wilk test. Nominal variables were tested with one-sided
and two-sided Fisher’s exact tests and Χ2 tests, depending
on the prior hypothesis and sample size. P-values under the
α-level of 0.05 were defined as significant. Multivariable
analysis was performed with a binary logistic regression
test indicating odds ratios (OR) and 95% confidence inter-
vals (CI). All statistical analyses were performed with IBM
SPSS Statistics V25.0 (IBM, Armonk, NY, USA) software.

Results

Baseline and outcome parameters of CAS and CEA pa-
tients including age, sex, NIHSS, ASPECTS, rate of IV and
IA thrombolysis, medical history, previous medication and
maximum systolic blood pressure during the intervention
were comparable and are summarized in Table 1 (p≥ 0.052).
The NIHSS upon admission of patients who eventually re-
ceived CEA was not significantly worse than in those who
received CAS (18, IQR 12–21 vs. 15, IQR 9–17; p= 0.052).
The CEA patients also tended to have a non-significantly
higher incidence for comorbidities, such as arterial hyper-
tension (93% vs. 82%), diabetes mellitus (30% vs. 23%)
and previous stroke (19% vs. 15%). In summary, the CAS
group suffered twice as often from PH2 (16% vs. 7%), albeit
no statistical significance was reached (Table 1). All space-
occupying hemorrhages (PH2) occurred within 3 days af-
ter interventions (Fig. 1). More specifically, both PH2 in the
CEA group occurred during the intervention and were diag-
nosed on immediate postinterventional imaging with no de-
layed PH2. On the other hand, 2/10 PH2 in the CAS group
occurred during the intervention and the remaining 8 PH2
occurred within 3 days after the intervention (p= 0.048).
Logistic regression multivariable analysis revealed that the
risk for delayed PH2 to occur after CEA is less than af-
ter CAS (p= 0.048, OR 0.871; CI 0.791–0.959). Regarding

Fig. 1 Occurrence of space-occupying hemorrhage (PH2) in thrombec-
tomy patients depending on the procedure. CAS carotid artery stenting
(62 patients: 2 intrainterventional PH2, 5 PH2 on day 1, 1 PH2 on
day 2, 2 PH2 on day 3 after the intervention), CEA carotid endarterec-
tomy (27 patients: 2 intrainterventional PH2, there was no delayed
PH2 in the CEA group)

all parenchymal hematomas (PH1 and PH2), all 12 cases
in the CAS group occurred while the patients were un-
der DAPT (n= 10) or GpIIb/IIIa inhibitor therapy (n= 2).
None of the CEA patients with hemorrhages were under
platelet inhibition when the hemorrhage occurred. Max-
imum systolic blood pressure between patients with and
without intrainterventional hemorrhage (PH2) did not differ
significantly (155± 26 vs. 165± 21mmHg; p= 0.317). The
procedural duration (puncture to postinterventional CT) in
CEA patients was significantly longer than in CAS patients
(250± 70min vs. 172± 49min; p< 0.001). Clinical outcome
at 90 days did not differ significantly between the groups,
with 39% of CEA and 51% of CAS patients achieving good
clinical outcome (mRS 0–2, p= 0.452).

Discussion

Our study showed that CEA in thrombectomy patients per-
formed in the angiography suite in the same anesthesia
session is a feasible and safe procedure, with no surgery-
related complications in 27 CEA patients despite hemor-
rhagic risk factors, such as intravenous thrombolysis. More
importantly, the finding of our study that timing of the hem-
orrhage differs significantly allows interesting insights into
the pathomechanisms of hemorrhage in CEA and CAS pa-
tients. We found that intrainterventional hemorrhage rates
were comparable, but that delayed hemorrhage was signif-
icantly more frequent in the CAS group.

The fact that the rate of large parenchymal hemorrhages
(PH2) on immediate postinterventional CT in CEA patients
(who did not receive DAPT or GpIIb/IIIa inhibitors) was
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comparable and did not differ significantly, implies that in-
trainterventional hemorrhage is mediated more by reperfu-
sion injury than antiplatelet medication. Although patho-
physiological proof is missing, our findings are supported
by Galyfos et al. who reported comparable to slightly ele-
vated rates of cerebral hyperperfusion syndrome in patients
receiving CEA compared to CAS [20]. The fact that max-
imum systolic blood pressure during the intervention did
not differ significantly between patients with and without
intrainterventional hemorrhage may imply that reperfusion
hemorrhage occurs independently of blood pressure; how-
ever, given the small overall number of intrainterventional
hemorrhages in our study, further research is needed to ad-
dress whether strict blood pressure management throughout
the procedure may further decrease hemorrhage rates.

Since delayed space-occupying hemorrhage (PH2) in
our study occurred exclusively in CAS patients, our data
suggest that early subacute parenchymal hemorrhage af-
ter CAS, however, is mainly caused by DAPT/GpIIb/IIIa
inhibitors. This is supported by studies that reported in-
creased hemorrhage rates in thrombectomy patients with
CAS, as for instance, by Kellert et al. who showed that
the risk of fatal ICH was significantly higher in patients
receiving tirofiban after thrombectomy than in those who
did not receive it (13.3% vs. 3.1%; p= 0.05) [21]. In their
analysis of patients with either anterior or posterior occlu-
sion, tirofiban treatment was an independent predictor for
fatal ICH (OR 3.03; 95% CI 1.50–4.05; p= 0.04) and an
independent predictor for poor outcome (OR 6.60; 95% CI
1.06–41.52; p= 0.04).

This is in line with our second key finding: even though
overall hemorrhage rates (PH1 and PH2) were comparable
in CAS and CEA patients in our study, large space-occu-
pying hemorrhage (PH2) was more frequent in the CAS
group (10/12) than in the CEA group (2/4) and there was
no sICH in the CEA group, suggesting that hemorrhage
in thrombectomy patients with CAS and DAPT/GpIIb/IIIa
inhibitors is more likely to be space-occupying. This is sup-
ported by the results of Slawski et al. who compared their
12 CEA patients to 27 CAS patients and found no sICH
in the CEA group, but 11% in the CAS group [11]. As
opposed to Slawski et al. and most other studies we fo-
cused on PH rates rather than on sICH rates, because the
occurrence of a hematoma has clinical implications regard-
less of its impact on neurological status (e.g. change of
antiplatelet medication or surgery). In fact, it is quite likely
that space-occupying hemorrhages in large middle cerebral
artery infarctions may not result in neurological deteriora-
tion of ≥4 points on the NIHSS but nonetheless may result
in modification of antiplatelet treatment or surgery. Consid-
ering this, sICH rates must be interpreted with great caution:
for instance, in the TITAN registry Papanagiotou et al. re-
ported sICH rates of 4% (5/137) vs. 7% (8/118, p= 0.397)

in patients with tandem lesions who underwent CAS and re-
ceived either one or at least two antiplatelet agents (without
indicating PH rates) [22]. At first sight these numbers are
lower than our indicated hemorrhage rate; however, if not
only sICH but all parenchymal hemorrhages are accounted
for, the actual PH rate in the TITAN registry according to
Anadani et al. (in a separate analysis of 205 CAS patients
of the TITAN registry) is in fact 16%, which is comparable
to our data [23].

Thus, even though our study and the vast majority of
studies addressing thrombectomy and CAS are limited by
their small sample sizes, inhomogeneous patient cohorts
with differing antiplatelet regimens (GpIIb/IIIa inhibitors,
timing and dose of mono or dual antiplatelet therapy),
varying hemorrhage definitions (“sICH”, “hemorrhage”,
“parenchymal hemorrhage”, “intracranial hemorrhage”,
etc.), and foremost a lack of randomization, elevated hem-
orrhage risks in thrombectomy patients with CAS (of up to
43%) support our assumption that thrombectomy and CAS
with DAPT and/or GpIIb/IIIa inhibitors is associated with
an increased hemorrhage rate [6–10].

Aspirin monotherapy may be an alternative to reduce
hemorrhage risk after CAS, even though it has been shown
that DAPT in non-thrombectomy cases is associated with
superior neurological outcome.[24–26]. Although CAS
with only one antiplatelet agent did not result in a sig-
nificantly decrease of sICH rates in the TITAN registry
(p= 0.397), refinement of antiplatelet therapy after CAS is
an important subject for future studies [22].

Our results and data from the literature also imply that
early CEA instead of CAS could be beneficial for patients.
In fact, according to Reznik et al., the timing between symp-
tom onset of acute stroke and either semi-elective CEA or
CAS has decreased in the past four decades because of
the more favorable outcome of early carotid treatment [27].
This is based on the results of studies stating that after
stroke/symptom onset CEA (vs. CAS) and especially early
CEA (vs. late) should be preferred because it is associated
with a lower rate of recurrent stroke or death [28, 29].

However, with the exception of the study of Slawski
et al. previous studies on direct comparisons of CEA
and CAS did not deal with thrombectomy patients but
with (semi-)elective patients with (a)symptomatic carotid
stenosis without large-vessel occlusions that necessitate
thrombectomy: Sbarigia et al. performed emergency CEA
in 6 patients within the median of 6h after symptom onset
of stroke [30]. Fatal hemorrhagic transformation occurred
in 1/6 (16.5%). Their selection of patients though was
limited by excluding patients with impaired consciousness
or infarctions larger than 2.5cm. Azzini et al. observed
no hemorrhages in 11 patients who underwent CEA 12h
after symptom onset because of a high-grade (≥70%)
symptomatic carotid stenosis, 10/12 patients had a mRS
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at 90 days of 0–2 [31]. Our results are also supported by
larger studies that compared ICH rates of CAS and CEA
patients in general: In their literature review with 218,144
CEA and 18,393 CAS patients, Galyfos et al. stated that
there was no difference in ICH risks between both meth-
ods [20]; however, in their population based study with
16,688 patients (14% CAS, 86% CEA), Hussain et al.
agreed on the fact that ICH are rare but occur signifi-
cantly more frequently in CAS than in CEA (0.85% vs.
0.42%; adjusted OR 1.77; 95% CI 1.32–2.36; p≤ 0.001)
[32]. Also, McDonald et al. analyzed 215,012 CEA and
13,884 CAS patients and observed that ICH risk was sig-
nificantly higher after CAS in asymptomatic (0.5% vs.
0.06%; p≤0.0001) and particularly symptomatic patients
(4.4% vs. 0.8%; p≤ 0.0001) [33]. Multivariate regression
revealed that symptomatic patients and stenting were both
independently associated with a 6–7 times higher risk for
postoperative ICH. An ICH was independently associated
with a 30 times increased risk of in-hospital mortality.
Notably, as in the analysis of Slawski et al., the lower hem-
orrhage rate in our study did not affect clinical outcome,
with good clinical outcome rates (mRS 0–2) in CAS and
CEA patients (51% vs. 39% p= 0.452; Slawski et al. 70%
vs. 75% p= 1.0) and mortality rates (22% vs. 35%, p= 259;
Slawski et al. 18.5% vs. 0% p= 0.30). Bearing in mind
that the decision to perform either CAS or CEA was not
randomized in any of the studies, outcome results must
be interpreted with great caution: clinical outcome (in our
series) is influenced by a relevant selection bias, which
could influence our results in either direction and does not
allow reliable conclusions to be drawn. In fact, worse initial
neurological condition and higher rates of comorbidities in
the CEA group—even though not significant—are likely
to have attributed to the non-significantly poorer outcome.
Nonetheless, in consideration of our results (mainly the
lower hemorrhage rates) and data from the literature, we
are convinced that early CEA instead of CAS could have
a positive impact on clinical outcome.

If CEA is to be established as an alternative to CAS, pro-
cedural duration is a major issue. Even though we have the
privilege of having vascular surgeons who perform surgery
in our angiography suite 24/7, procedural times in CEA pa-
tients are significantly longer (p< 0.001). This reflects the
complexity of the decision-making process, recruitment of
the surgical team, and the duration of the additional pro-
cedure. Even though it is likely that these delays affect
clinical outcome, we are unable to specifically attribute
clinical outcomes to these delays, because of our hetero-
geneous and biased samples without significantly different
outcomes. Notwithstanding the above, further improvement
of procedural times is an important aim, as delays are likely
to affect clinical outcome.

Limitations

Major limitations of our study are its relatively small sample
size and its retrospective approach. Despite our relatively
small cohort of CEA patients, our study showed that CEA
in thrombectomy patients is safe and may therefore help in
the emergency decision-making progress whenever CEA is
considered as an alternative for CAS. Our retrospective ap-
proach resulted in a considerable sample bias; however, this
bias would have worked against our hypothesis that hem-
orrhage in the CEA group was less frequent as the decision
to perform CEA was not randomized but was (often) made
because the interventionalists anticipated an increased hem-
orrhage risk. Hence, we should have expected an increased
baseline hemorrhage risk in CEA patients. The fact that we
observed a decreased hemorrhage rate makes it conceiv-
able that the clinical course of CEA patients is in fact more
favorable than shown in our study if CEA is performed rou-
tinely. Also, our results may not be transferrable to other
hospitals, as vascular surgeons being available 24/7 as well
as our angiographic suite being suitable for the CEA pro-
cedure are not common conditions.

Conclusion

Our data suggest that parenchymal hemorrhage in CAS and
CEA patients is mediated by different pathomechanisms,
with reperfusion injury as a cause for intrainterventional
hemorrhage and DAPT/GpIIb/IIIa inhibitor as a cause for
early subacute hemorrhage. Our results also imply that
emergency CEA performed in the angiography suite is
a feasible alternative to CAS in thrombectomy patients and
that increased hemorrhage risks in CAS patients can be
anticipated by performing CEA instead of CAS whenever
possible.
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