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Anesthesia type determines risk of cerebral infarction

after carotid endarterectomy
Michal Orlický, MD,a Tomá�s Hrbá�c, MD, PhD, MBA,b Martin Same�s, MD, PhD,a Petr Vachata, MD, PhD,a

Ale�s Hej�cl, MD, PhD,a David Otáhal, MD,b Jaroslav Havelka, MD,c David Netuka, MD, PhD,d

RomanHerzig, MD, PhD, FESO, FEAN,e Kate�rina Langová, MSc, PhD,f and David �Skoloudík, MD, PhD, FESO, FEAN,f,g

Ústí nad Labem, Ostrava, Praha, Hradec Králové, and Olomouc, Czech Republic
ABSTRACT
Objective: Silent and symptomatic cerebral infarctions occur in up to 34% of patients after carotid endarterectomy (CEA).
This prospective study compared the risk of new brain infarctions detected by magnetic resonance imaging (MRI) in
patients with internal carotid artery stenosis undergoing CEA with local anesthesia (LA) vs general anesthesia (GA).

Methods: Consecutive patients with internal carotid artery stenosis indicated for CEA were screened at two centers.
Patients without contraindication to LA or GA were randomly allocated to the LA or GA group by ZIP code randomization.
Brain MRI was performed before and 24 hours after CEA. Neurologic examination was performed before and 24 hours
and 30 days after surgery. The occurrence of new infarctions on the control magnetic resonance images, stroke, transient
ischemic attack, and other complications was statistically evaluated.

Results: Of 210 randomized patients, 105 underwent CEA with LA (67 men; mean age, 68.3 6 8.1 years) and 105 with GA
(70 men; mean age, 63.4 6 7.5 years). New infarctions were more frequently detected on control magnetic resonance
images in patients after CEA under GA compared with LA (17.1% vs 6.7%; P ¼ .031). Stroke or transient ischemic attack
occurred within 30 days of CEA in three patients under GA and in two under LA (P ¼ 1.000). There were no significant
differences between the two types of anesthesia in terms of the occurrence of other complications (14.3% for GA and
21.0% for LA; P ¼ .277).

Conclusions: The risk of silent brain infarction after CEA as detected by MRI is higher under GA than under LA. (J Vasc
Surg 2018;-:1-10.)
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Carotid endarterectomy (CEA) is a therapeutic option
for patients with severe internal carotid artery (ICA)
stenosis, preventing primary and secondary stroke in
>60% and >50% of cases, respectively.1 The efficacy of
CEA depends on the possibility of minimizing the rate
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of perioperative complications, such as stroke, myocar-
dial infarction, or death, which varies between 2%
and 7%.1-10

Several factors can influence the outcome of CEA: local
anesthesia (LA) vs general anesthesia (GA), routine vs
selective use of shunts, monitoring of brain function
during the procedure, direct vs patch closure after endar-
terectomy, and completion imaging.1,11 Although several
studies have found that use of LA is associated with a
reduced incidence of perioperative hemodynamic
changes12,13 or cardiac events and that testing of brain
function while the patient is awake under LA during
carotid artery clamping more reliably alerts the surgeon
to the need for a shunt than the various indirect tech-
niques used under GA,14-16 the prospective controlled
randomized GA vs LA for carotid surgery (GALA) trial17

and systematic review of the literature18 failed to show
significant differences in 30-day morbidity and mortality
between the two anesthesia approaches.
Some limitations of the GALA trial could influence inter-

pretation of the results. First, the expected stroke and
death rates after CEA were very low, and the predicted
difference in the risk of stroke, myocardial infarction, or
death between LA and GA 30 days after surgery was
improbably high. Moreover, evaluation of cerebrovascu-
lar and cardiovascular complications may have been
biased because it was based on investigators’ subjective
1
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ARTICLE HIGHLIGHTS
d Type of Research: Two-center prospective random-
ized study

d Key Findings: In 210 patients, new brain infarctions
on control magnetic resonance images after carotid
endarterectomy were detected in 17.1% patients un-
der general anesthesia compared with 6.7% patients
under local anesthesia.

d Take Home Message: Carotid endarterectomy
performed under local anesthesia was associated with
a lower risk of silent ischemic lesions on control brain
magnetic resonance images compared with that per-
formed under general anesthesia.
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evaluation. It was therefore unlikely that the GALA trial
would reveal significant differences between LA and
GA. Second, the influence of statins was not considered.
Third, intraoperative shunt use rates varied considerably
between the two groups, and no information was
provided about the type of shunt used.
Diffusion-weighted magnetic resonance imaging

(DW-MRI) is used to assess clinical outcomes after
CEA.19-25 The advantages of DW-MRI over clinical evalua-
tion of complications are the following: a higher inci-
dence of ischemic lesions by DW-MRI, detected in 6%
to 34%4,24-28 compared with 2% to 7% of cases of tran-
sient ischemic attack (TIA), stroke, and myocardial infarc-
tion; the reduction of subjective bias, especially if
DW-MRI results are evaluated by a blinded radiologist;
and the fact that even clinically silent DW-MRI ischemic
lesions might negatively influence cognitive functions
and increase the risk for development of dementia.29

Therefore, DW-MRI may be a more appropriate tool for
assessing the safety and efficacy of CEA under LA vs
under GA.
In this prospective controlled study, we assessed the

risk of new cerebral ischemic lesions detected by
DW-MRI in patients undergoing CEA with LA compared
with GA. We also evaluated the incidence of stroke/TIA,
myocardial infarction, and death within 30 days of CEA;
the occurrence of local and other complications; and
the factors influencing the risk for development of
DW-MRI ischemic lesions, stroke, or TIA.
METHODS
Ethical approval of the study protocol. The study was

carried out in accordance with the Declaration of
Helsinki of 1975 (revised in 2004 and 2008), and the
protocol was approved by local ethics committees (424/
2015-FNO and 236/69-MNUL). All patients provided
written, informed consent before enrollment.

Patients. Inclusion criteria for this study were as follows:
ICA stenosis $50%, as detected by duplex ultrasound30

and confirmed by computed tomography angiography
(CTA) with accurate stenosis measurement; indication for
CEA according to criteria set by the American Heart
Association31; no contraindication to MRI or CTA; age of
40 to 85 years; and signed, informed consent.
Consecutive patients were enrolled during 15 months

(October 2015-December 2016) and assigned to CEA
under LA or GA. A ZIP code-based 1:1 randomization
approach was used to allocate patients to different ther-
apeutic groups; patients with a ZIP code between 10000
and 49999 were assigned to the LA group, and those
with a ZIP code between 50000 and 79999 were
assigned to the GA group. Two ZIP code areas with
similar lifestyle and socioeconomic factors, accessibility,
and quality of medical care were selected (available at:
https://www.czso.cz/csu/czso/regions_towns).
Evaluation of carotid stenosis. The grade of ICA
stenosis was evaluated by duplex ultrasound30 and
confirmed by CTA according to the criteria of the North
American Symptomatic Carotid Endarterectomy Trial
(NASCET).32

CEA. Surgery with direct carotid artery suture was
performed under LA or GA. Patients were receiving
long-term treatment with acetylsalicylic acid (100 mg/d)
in primary stroke prevention or clopidogrel (75 mg/d) in
secondary stroke prevention or a prophylactic dose of
low-molecular-weight heparin (at a dose dependent on
body weight) as a temporary substitution for warfarin or
direct oral anticoagulants in patients with permanent
anticoagulation at the time of enrollment, and medica-
tion was continued during the perioperative period.
Statin was used in patients after stroke or in patients with
hypercholesterolemia in primary prevention if there was
no contraindication.
A dose of 5000 to 10,000 units of unfractionated hepa-

rin (heparin lé�civa; 100 units/kg body weight; Zentiva,
Prague, Czech Republic) was administered intravenously
3 minutes before flow arrest. Protamine (protamin
meda-ampullen; Legacy Pharmaceuticals, Birsfelden,
Switzerland) was administered 5 minutes after ICA flow
restoration in patients treated with >5000 units of
unfractionated heparin (1 mL per 2000 units). Bard
Brenner carotid shunts (14F tapered to 8F; Bard Ltd,
Crawley, UK) were used selectively. Perioperative
hypotension was defined as a decrease of mean arterial
pressure below 69 mm Hg.33 Ephedrine or norepineph-
rine was administered intravenously in the case of
hypotension to optimize blood pressure. In total, nine
neurosurgeons and four anesthesiologists were involved
in the study.

LA. Operations were performed under the following
conditions: cervical plexus block and local infiltration
(bupivacaine [Marcaine]; AstraZeneca, Cambridge, UK)
of the skin, performed by an anesthesiologist; and
additional infiltration (trimecaine [Mesocain]; Zentiva)

https://www.czso.cz/csu/czso/regions_towns
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of the operative field, performed by the surgeon if neces-
sary.34 The deterioration of neurologic status (quantita-
tive or qualitative state of consciousness, speech,
comprehension, and movement of contralateral limbs)
after carotid artery clamping was an indication for shunt
use in the LA group.

GA. Patients under GA received either gaseous volatile
anesthetic agents and muscle relaxant or total intrave-
nous anesthesia (type and dose depending on anesthe-
tist and protocol).35 In this group, a shunt was indicated
in the case of >50% decrease in somatosensory evoked
potential amplitude recorded from the contralateral
median nerve or >70% decrease in peak systolic velocity
in the ipsilateral middle cerebral artery detected by
continual transcranial Doppler monitoring during carotid
artery clamping.

MRI. Magnetic resonance images were acquired
within the 24 hours before surgery and 24 6 4 hours
postoperatively using a 1.5T Avanto system (Siemens,
Erlangen, Germany). The protocol comprised four se-
quences: (1) T2-weighted spin echo (echo time, 100 mil-
liseconds; repetition time, 4310 milliseconds; section
thickness, 5.0 mm; matrix size, 192 � 256; gap 0.5 mm;
field of view [FOV], 250 mm; FOV ph, 75%; echo train
length, 9; number Q3 of excitations, 1); (2) DWI (echo
time, 130 milliseconds; repetition time, 4500 millisec-
onds; b, representing a factor of diffusion-weighted se-
quences b 1⁄4 0 and b 1⁄4 1000 s/mm2; section thickness,
5.0 mm; gap, 1 mm; matrix size, 192 � 192; FOV, 255 mm;
FOV ph, 100%; number of excitations, 4; echo spacing,
0.93 millisecond; bandwidth, 1240 Hz/pixel) with
apparent diffusion coefficient maps; (3) T2 star-weighted
gradient-recalled echo sequence for detection of
bleeding (including microbleeds); and (4) fluid-
attenuated inversion recovery (echo time, 109 millisec-
onds; repetition time, 8000 milliseconds; inversion time,
2500 milliseconds; section thickness, 5.0 mm; matrix
size, 256 � 151; gap, 0.5 mm; FOV, 250 mm; FOV ph,
77.0%; number of excitations, 1; echo train length, 5).
Sequences were applied at an identical level with the
same slice thickness and cut number. Slice thickness
comprised the cut thickness (5 mm) plus gap (10%). The
standard number of slices was 25. The standard slice
level was considered to be a modified level of the skull
base because of minimalization of the distant-artifacts
echo planar imaging sequence. In accordance with
previous studies,36-38 new ischemic brain lesions were
defined as hyperintense regions on postintervention
diffusion-weighted images that were not present on
pretreatment images. The location, number, and
volume of hyperintense lesions on diffusion-weighted
images were evaluated by a radiologist blinded to
treatment allocation. Volume was calculated as the
total hyperintense area in each single slice multiplied by
effective slice thickness. Enlargement of a previous
lesion was not considered a new ischemic lesion. New
ischemic lesions in the brain were characterized
according to the Szabo classification.38 Briefly, pattern I
corresponded to territorial infarction (large lesion
involving the cortex), pattern II to subcortical infarction
(subcortical lesion with or without additional smaller
lesions), pattern III to territorial infarction with frag-
mentation (large lesion involving the cortex with addi-
tional smaller lesions), pattern IV to several
disseminated small lesions, and pattern V to border
zone infarction (small lesions in hemodynamic risk
zones).

Clinical examinations. Presence of comorbidities
(arterial hypertension, diabetes mellitus, hyperlipidemia,
ischemic heart disease, and atrial fibrillation), current
medication (antiplatelet drugs, anticoagulants, and
hypolipidemic agents), time between symptom onset
and surgery in patients with symptomatic stenosis,
surgeon, type of perioperative monitoring, side and
degree of ICA stenosis, and complications were docu-
mented. Physical examinations evaluating neurologic
deficits were conducted before and 24 hours and
30 days after CEA by a blinded certified neurologist.

End points for study analyses. The primary end point
was the incidence of new ischemic lesions on brain
MRI diffusion-weighted images 24 hours after CEA
under LA or GA. Secondary end points were incidence of
stroke or TIA within 30 days; occurrence of death, stroke/
TIA, or myocardial infarction (as defined in the Third
Universal Definition of Myocardial Infarction39) within
30 days; frequency of carotid shunt use; and occurrence
of local and other complications.

Statistical analysis. The sample size was based on an
expected 50% reduction in new ischemic lesions on
control MRI diffusion-weighted images in the LA group
(estimated prevalence, 10%) compared with the GA
group (estimated prevalence, 20%). Prestudy calcula-
tions using the c2 test with a continuity correction
showed that a minimum of 105 patients were needed in
each group to reach a statistically significant difference
with a two-tailed P value of .05. Categorical variables
were compared with Fisher exact test. Continuous
variables were compared with the Mann-Whitney U test.
The following variables were included in univariate and
multiple logistic regression analyses to identify possible
predictors of new cerebral ischemic lesions detected on
control MRI diffusion-weighted images or of stroke/TIA in
the 30 days after surgery (using the ‘Enter’ method
followed by the ‘Forward stepwise’ method to eliminate
multicollinearity): age, sex, arterial hypertension, diabetes
mellitus, coronary heart disease, atrial fibrillation, hyper-
lipidemia, statin use, occlusion side, severity, symptoms
of treated ICA stenosis, time from symptom onset to
intervention, carotid shunt use, and type of anesthesia.
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All tests were carried out with a two-sided significance
level of .05. Data were analyzed using SPSS version 22.0
software (IBM Corp, Armonk, NY).
RESULTS
A total of 210 patients were included in the study (Fig).

Patients were randomly allocated to the LA or GA group.
Clinical and procedural variables were well balanced
between the groups except for age, time from symptoms
to intervention, and use of antithrombotics (Table I). All
patients underwent control MRI examination, and no
patient was lost to follow-up.
New ischemic lesions were less frequently detected by

DW-MRI in the LA than in the GA group (6.7% vs 17.1 %;
P ¼ .031). In the LA group, no new ischemic lesions
were classified as Szabo I-III, whereas five were classified
as Szabo IV and two as Szabo V. In the GA group, 3 new
ischemic lesions were classified as Szabo III, 5 as Szabo IV,
and 10 as Szabo V (Table II). One of 2 patients in the LA
group and 5 of 10 patients in the GA group with new
ischemic lesions classified as Szabo V had incomplete
circle of Willis. Time between stroke onset and interven-
tion did not differ between LA patients with new
ischemic lesion (26.0 6 26.0 days) and GA patients with
new ischemic lesion (43.0 6 46.8 days; P ¼ .177).
Two (1.9%)andthree (2.9%) strokesor TIAswere recorded

in the LA and GA groups, respectively, during 30 days
(P ¼ 1.000). There was no death or myocardial infarction
ineithergroup. Local andother complicationsafter surgery
were recorded in22 (21.0%)and 15 (14.3%)patients in theLA
and GA groups, respectively (P ¼ .277; Table II).
Intraoperative hypotension occurred in one patient in

the LA group and five patients in the GA group, but the
influence of hypotension on the development of new
MRI lesions was not demonstrated (Table III). Patients
with perioperative somatosensory evoked potential
monitoring had significantly higher incidence (25.0%)
of new cerebral ischemic lesions on control MRI
diffusion-weighted images compared with perioperative
transcranial Doppler monitoring (9.4%; odds ratio [OR],
3.458; 95% confidence interval [CI], 1.440-9.834) or periop-
erative clinical monitoring (6.7%; OR, 4.667; 95% CI, 1.732-
12.571; P ¼ .004; Table III). Patients using statins had
significantly lower risk of stroke or TIA in the 30 days after
surgery (OR, 0.113; 95% CI, 0.012-0.997; Table IV).
DISCUSSION
This study showed that silent brain infarctions detected

by DW-MRI were more frequent after CEA performed
under GA than under LA. However, there was no signifi-
cant difference in 30-day morbidity and mortality
between the two types of anesthesia, which is in accor-
dance with the results of the GALA trial,17 a review of the
literature,18,40 other studies,25,26,32,41 and American Heart
Association recommendations.31 Most new DW-MRI
ischemic lesions were silent; however, these may poten-
tially affect cognitive functions.35,41-46

More than half of new ischemic lesions found on con-
trol MRI diffusion-weighted images in patients after
CEA under GA were border zone infarctions (type V)
according to the Szabo classification,38 which likely arose
from hypoperfusion. Only one-quarter of lesions were
classified as Szabo type IV (ie, due to embolization). In
contrast, a quarter of new ischemic lesions present in
patients after CEA under LA (in which shunts were
more frequently used) were classified as Szabo type V
(hypoperfusion etiology), whereas three-quarters were
classified as Szabo type IV (embolization etiology). This
is in agreement with the results of other studies demon-
strating that use of carotid shunts increases the risk of
brain embolization.47-51

Our results also highlight the effectiveness of evaluating
clinical status by indirect methods to monitor brain
hypoperfusion after shunt placement. Of the 15 parame-
ters evaluated, only the monitoring method used for
shunt indication after carotid artery clamping was iden-
tified as a predictor of cerebral ischemia risk. Patients
monitored by somatosensory evoked potentials had a
higher incidence of silent brain infarctions compared
with those monitored by transcranial Doppler during
GA or LA. Therefore, evaluating and comparing the
different monitoring methods used during CEA could
increase the safety of this procedure; further studies
assessing this topic are needed.
Only one factor was identified as a predictor of stroke or

TIA risk after CEA. Patients continuously treated with sta-
tins had lower risk of stroke/TIA within 30 days of CEA.
The positive effects of statins have been reported,52,53

but these require confirmation in large, randomized
controlled trials.
This study had some limitations. First, patients in the LA

and GA groups differed in terms of age, use of antithrom-
botic drugs, and time between symptom onset and
surgery because of the ZIP code method of randomiza-
tion that was used. Patients in the LA group were older,
used antithrombotic drugs less frequently, and had a
shorter time between carotid artery symptoms and
CEA. However, none of these factors was identified as a
predictor of new ischemic lesions on control MRI
diffusion-weighted images or of stroke/TIA in the
30 days after CEA.
Second, the sample size in this study was smaller than

that in the GALA trial17 and the Cochrane database
review.18 Although this did not affect the detection of
differences in incidence of new ischemic lesions by
DW-MRI, a larger study sample is required to assess
changes in the frequency of clinical events such as
stroke, TIA, myocardial infarction, and vascular death.17

Third, standard collection of blood pressure data
before, during, and after CEA was not stated. Neverthe-
less, published studies found no relationship between



437 patients 

assessed for eligibility

No indication to CEA (172
patients) 

Contraindicated to CEA (27
patients)

Out of age range (12 patients)

Contraindication to CTA, 
MRI, DSA (10 patients)

Refused informed consent
(6 patients)

210 patients

randomized

Allocated to LA group

105 patients

Allocated to GA group

105 patients 

Lost to follow-up

0 patient

Lost to follow-up

0 patient

Included to analysis

105 patients

Included to analysis

105 patients

Fig. Study flow chart. CEA, Carotid endarterectomy; CTA, computed tomography angiography; DSA, digital
subtraction angiography; GA, general anesthesia; LA, local anesthesia; MRI, magnetic resonance imaging.
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Table I. Patients’ demographic data

LA group GA group P value

No. of patients 105 105 NA

Age, years 68.3 6 8.1 63.4 6 7.5 <.001

Male sex 67 (63.8) 70 (66.7) .772

Right-sided stenosis 51 (48.6) 54 (51.4) .783

Severity of stenosis evaluated using
CTA, %

81.3 6 10.8 82.8 6 9.5 .345

Symptomatic stenosis 63 (60) 63 (60) 1.000

Carotid shunt use 13 (12.4) 7 (6.7) .239

Arterial hypertension 89 (84.8) 90 (85.7) 1.000

Diabetes mellitus 40 (38.1) 33 (31.4) .385

Hyperlipidemia 56 (53.3) 69 (65.7) .091

Ischemic heart disease 40 (38.1) 32 (30.5) .309

Myocardial infarction 14 (13.3) 8 (7.6) .260

Atrial fibrillation 6 (5.7) 4 (3.8) .748

Time between stroke onset and
intervention, days

35.4 6 44.8 50.9 6 44.4 .001

Time between enrollment and
intervention, days

1.10 6 0.45 1.06 6 0.39 .879

Antithrombotics 98 (93.3) 104 (99.0) .033

Antiplatelets 86 (81.9) 102 (97.1)

Acetylsalicylic acid 37 (35.2) 44 (41.9)

Clopidogrel 49 (46.7) 58 (55.2)

Anticoagulation 6 (5.7) 2 (1.9) .001

Both 6 (5.7) 0 (0.0)

None 7 (6.7) 1 (1.0)

Statin use 70 (66.7) 72 (68.6) .883

CTA, Computed tomography angiography; GA, general anesthesia; LA, local anesthesia; NA, not applicable.
Categorical variables are presented as number (%). Continuous variables are presented as mean 6 standard deviation.

Table II. Study results

LA group, No. (%) GA group, No. (%) P value

New brain ischemic lesion 7 (6.7) 18 (17.1) .031

Szabo I-III 0 (0.0) 3 (17.0)

Szabo IV 5 (71.4) 5 (27.5)

Szabo V 2 (28.6) 10 (55.5)

Stroke or TIA 2 (1.9) 3 (2.9) 1.000

Death or myocardial infarction 0 (0.0) 0 (0.0) 1.000

Local and other complications 22 (21.0) 15 (14.3) .277

Local hematoma 9 (8.6) 2 (1.9)

Swallowing problems 3 (2.9) 1 (1.0)

Vocal cord paresis 2 (1.9) 6 (5.7)

Other peripheral nerve paresis 7 (6.7) 3 (2.9)

Carotid artery dissection 1 (1.0) 2 (1.9)

GA, General anesthesia; LA, local anesthesia; TIA, transient ischemic attack.
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intraoperative hypotension and postoperative stroke
with several different definitions of hypotension,
including raw systolic blood pressures below thresholds
of 100, 90, 80, and 70 mm Hg; MAPs <70, 60, 50, and
40 mm Hg; and decreases in both systolic and mean
blood pressure by 10%, 20%, and 40% from baseline,
except time spent >30% below baseline blood
pressure.33,54



Table III. Influence of recorded variables on the incidence of new ischemic lesions on control diffusion-weighted magnetic
resonance imaging (DW-MRI)

New ischemic lesion
on control DW-MRI

No new ischemic lesion
on control DW-MRI P value

No. of patients 25 185 NA

Age, years 68.3 6 8.1 63.4 6 7.5 .457

Male sex 19 (76.0) 118 (63,8) .269

Right-sided stenosis 14 (56.0) 91 (49.2) .671

Severity of stenosis, % 83.0 6 9.9 81.9 6 10.2 .654

Symptomatic stenosis 19 (76.0) 107 (57.8) .126

Carotid shunt use 3 (12.0) 17 (9.2) .714

Arterial hypertension 24 (96.0) 155 (83.8) .137

Diabetes mellitus 12 (48.0) 61 (33.0) .179

Ischemic heart disease 9 (36.0) 63 (34.1) .826

Myocardial infarction 3 (12.0) 19 (10.3) .732

Atrial fibrillation 0 (0.0) 10 (5.4) .612

Time between stroke onset and intervention, days 37.6 6 43.3 44.1 6 45.6 .793

Perioperative monitoring

Clinical neurologic status 7 (28.0) 98 (53.0)

Transcranial Doppler 5 (20.0) 48 (25.9) .004

Somatosensory evoked potentials 13 (52.0) 39 (21.1)

Perioperative arterial hypotension

Mild (MAP 60-69 mm Hg) 3 (12.0) 23 (12.4)

Moderate (MAP 50-59 mm Hg) 3 (12.0) 18 (9.7) .748

Severe (MAP <50 mm Hg) 0 (0) 0 (0)

Antithrombotics

Antiplatelets 23 (92.0) 165 (89.2)

Anticoagulation 0 (0) 8 (4.3) .736

Both 1 (4.0) 5 (2.7)

None 1 (4.0) 7 (3.8)

Statin use 19 (76.0) 123 (66.5) .495

Surgeon (each number means a different surgeon)

1 e 5.3% 1 (4.0) 18 (9.7)

2 e 4.0% 1 (4.0) 24 (13)

3 e 15.2% 5 (20.0) 28 (15.1)

4 e 12.0% 3 (12.0) 22 (11.9)

5 e 25.0% 1 (4.0) 3 (1.6) .600

6 e 16.9% 10 (40.0) 49 (26.5)

7 e 22.2% 2 (8.0) 7 (3.8)

8 e 10.0% 1 (4.0) 9 (4.9)

9 e 3.8% 1 (4.0) 25 (13.5)

MAP, Mean arterial pressure; NA, not applicable.
Categorical variables are presented as number (%). Continuous variables are presented as mean 6 standard deviation.
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Finally, the relationship between type of circle of Willis
and risk of silent ischemic lesions was not studied. Ten
types of anterior portion of the circle of Willis and 14 types
of posterior portion of the circle of Willis were defined.55

The limited number of enrolled patients did not allow
the influence of the particular types of circle of Willis
on the risk of silent ischemic lesions to be assessed.
CONCLUSIONS
CEA performed under LA was associated with a lower

risk of silent ischemic lesions on control brain MRI
diffusion-weighted images compared with those
performed under GA. Themain factor influencing this dif-
ference was perioperative monitoring by somatosensory
evokedpotentials, which detected new cerebral ischemic



Table IV. Influence of recorded parameters on the incidence of stroke or transient ischemic attack (TIA) during 30 days
after carotid endarterectomy (CEA)

New stroke/TIA Without new stroke/TIA P value

No. of patients 5 205 NA

Age, years 68.3 6 5.0 65.9 6 8.2 .369

Male sex 3 (60.0) 134 (65.4) 1.000

Right-sided stenosis 2 (40.0) 103 (50.2) 1.000

Severity of stenosis, % 85.0 6 10.0 82.0 6 10.2 .493

Symptomatic stenosis 5 (100) 121 (59.0) .160

Carotid shunt 0 (0.0) 20 (9.8) 1.000

Arterial hypertension 5 (100) 174 (84.9) 1.000

Diabetes mellitus 2 (40.0) 71 (34.6) 1.000

Ischemic heart disease 2 (40.0) 70 (34.1) 1.000

Myocardial infarction 0 (0.0) 22 (10.7) 1.000

Atrial fibrillation 0 (0.0) 10 (4.9) 1.000

Time between stroke onset and intervention, days 29.4 6 19.5 43.7 6 45.8 .837

Perioperative monitoring

Clinical neurologic status 2 (40.0) 103 (50.2)

Transcranial Doppler 2 (40.0) 51 (24.9) .841

Somatosensory evoked potentials 1 (20.0) 51 (24.9)

Antithrombotics

Antiplatelets 4 (80.0) 184 (89.8)

Anticoagulation 1 (20.0) 7 (3.4) .428

Both 0 (0.0) 6 (2.9)

None 0 (0.0) 8 (3.9)

Statin use 1 (20.0) 141 (68.6) .039

Surgeon

1 0 (0.0) 18 (9.3)

2 0 (0.0) 25 (12.2)

3 0 (0.0) 33 (16.1)

4 0 (0.0) 25 (12.2)

5 0 (0.0) 4 (2.0) .596

6 3 (60.0) 56 (27.3)

7 0 (0.0) 9 (4.9)

8 1 (20.0) 9 (4.9)

9 1 (20.0) 25 (12.2)

NA, Not applicable.
Categorical variables are presented as number (%). Continuous variables are presented as mean 6 standard deviation.
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lesions on control MRI diffusion-weighted images at a
higher rate than by transcranial Doppler or clinical moni-
toring. In agreement with the results of the GALA trial,
30-day morbidity, mortality, and incidence of stroke or
TIA did not differ according to the type of anesthesia.
Statin treatment was identified as the only independent
predictor of reduced risk of stroke/TIA after CEA.

AUTHOR CONTRIBUTIONS
Conception and design: MO, TH, DS
Analysis and interpretation: MO, TH, JH, DN, RH, KL, DS
Data collection: MO, TH, MS, PV, AH, DO, JH, DS
Writing the article: MO, TH, DS
Critical revisionof thearticle:MS,PV, AH,DO, JH,DN,RH,KL
Final approval of the article: MO, TH, MS, PV, AH, DO, JH,

DN, RH, KL, DS
Statistical analysis: KL
Obtained funding: MO, TH, MS, PV, AH, DO, JH, DN, RH, DS
Overall responsibility: MO
MO and TH contributed equally to this article and share

co-first authorship.

REFERENCES
1. Ricotta JJ, Aburahma A, Ascher E, Eskandari M, Faries P,

Lal BK; Society for Vascular Surgery. Updated Society for
Vascular Surgery guidelines for management of extracranial
carotid disease. J Vasc Surg 2011;54:e1-31.

http://refhub.elsevier.com/S0741-5214(18)32486-8/sref1
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref1
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref1
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref1


Journal of Vascular Surgery Orlický et al 9

Volume -, Number -
2. CaRESS Steering Committee. Carotid Revascularization
Using Endarterectomy or Stenting Systems (CaRESS) phase I
clinical trial: 1-year results. J Vasc Surg 2005;42:213-9.

3. Barnett HJ, Taylor DW, Eliasziw M, Fox AJ, Ferguson GG,
Haynes RB, et al. Benefit of carotid endarterectomy in
patients with symptomatic moderate or severe stenosis.
North American Symptomatic Carotid Endarterectomy Trial
Collaborators. N Engl J Med 1998;339:1415-25.

4. International Carotid Stenting Study investigators, Ederle J,
Dobson J, Featherstone RL, Bonati LH, van der Worp HB,
de Borst GJ, et al. Carotid artery stenting compared with
endarterectomy in patients with symptomatic carotid
stenosis (International Carotid Stenting Study): an interim
analysis of a randomised controlled trial. Lancet 2010;375:
985-97.

5. Murad MH, Shahrour A, Shah ND, Montori VM, Ricotta JJ.
A systematic review and meta-analysis of randomized trials
of carotid endarterectomy vs stenting. J Vasc Surg 2011;53:
792-7.

6. Kang JL, Chung TK, Lancaster RT, Lamuraglia GM,
Conrad MF, Cambria RP. Outcomes after carotid endarter-
ectomy: is there a high-risk population? A National Surgical
Quality Improvement Program report. J Vasc Surg 2009;49:
331-8, 339.e1.

7. Eslami MH, McPhee JT, Simons JP, Schanzer A, Messina LM.
National trends in utilization and postprocedure outcomes
for carotid artery revascularization 2005 to 2007. J Vasc Surg
2011;53:307-15.

8. Chambers BR, Donnan GA. Carotid endarterectomy for
asymptomatic carotid stenosis. Cochrane Database Syst Rev
2005;4:CD001923.

9. Rerkasem K, Rothwell PM. Carotid endarterectomy for
symptomatic carotid stenosis. Cochrane Database Syst Rev
2011;4:CD001081.

10. Kuhan G, Gardiner ED, Abidia AF, Chetter IC, Renwick PM,
Johnson BF, et al. Risk modelling study for carotid endar-
terectomy. Br J Surg 2001;88:1590-4.

11. Ricotta JJ, Charlton MH, DeWeese JA. Determining criteria
for shunt placement during carotid endarterectomy. EEG
versus back pressure. Ann Surg 1983;198:642-5.

12. Bove EL, Fry WJ, Gross WS, Stanley JC. Hypotension and
hypertension as consequences of baroreceptor dysfunc-
tion following carotid endarterectomy. Surgery 1979;85:
633-7.

13. Stoneham MD, Thompson JP. Arterial pressure manage-
ment and carotid endarterectomy. Br J Anaesth 2009;102:
442-52.

14. Becquemin JP, Paris E, Valverde A, Pluskwa F, Mellière D.
Carotid surgery. Is regional anesthesia always appropriate?
J Cardiovasc Surg (Torino) 1991;32:592-8.

15. Bergeron P, Benichou H, Rudondy P, Jausseran JM,
Ferdani M, Courbier R. Stroke prevention during carotid
surgery in high risk patients (value of transcranial Doppler
and local anesthesia). J Cardiovasc Surg (Torino) 1991;32:
713-9.

16. Rockman CB, Riles TS, Gold M, Lamparello PJ, Giangola G,
Adelman MA, et al. A comparison of regional and general
anesthesia in patients undergoing carotid endarterectomy.
J Vasc Surg 1996;24:946-56.

17. GALA Trial Collaborative Group, Lewis SC, Warlow CP,
Bodenham AR, Colam B, Rothwell PM, Torgerson D, et al.
General anaesthesia versus local anaesthesia for carotid
surgery (GALA): a multicentre, randomised controlled trial.
Lancet 2008;372:2132-42.

18. Rerkasem K, Rothwell PM. Local versus general anaesthesia
for carotid endarterectomy. Cochrane Database Syst Rev
2008;4:CD000126.
19. Gossetti B, Gattuso R, Irace L, Faccenna F, Venosi S, Bozzao L,
et al. Embolism to the brain during carotid stenting and
surgery. Acta Chir Belg 2007;107:151-4.

20. Feiwell RJ, Besmertis L, Sarkar R, Saloner DA, Rapp JH.
Detection of clinically silent infarcts after carotid endarter-
ectomy by use of diffusion-weighted imaging. AJNR Am J
Neuroradiol 2001;22:646-9.

21. Roh HG, Byun HS, Ryoo JW, Na DG, Moon WJ, Lee BB, et al.
Prospective analysis of cerebral infarction after carotid
endarterectomy and carotid artery stent placement by
using diffusion-weighted imaging. AJNR Am J Neuroradiol
2005;26:376-84.

22. Hammer FD, Lacroix V, Duprez T, Grandin C, Verhelst R,
Peeters A, et al. Cerebral microembolization after protected
carotid artery stenting in surgical high-risk patients: results
of a 2-year prospective study. J Vasc Surg 2005;42:847-53.

23. Hrbá�c T, Netuka D, Bene�s V, Nosá�l V, Ke�snerová P, Tomek A,
et al. SONOlysis in prevention of Brain InfaRctions During
Internal carotid Endarterectomy (SONOBIRDIE) trialdstudy
protocol for a randomized controlled trial. Trials 2017;18:25.

24. �Skoloudík D, Kuliha M, Hrbá�c T, Jonszta T, Herzig R; SONO-
BUSTER Trial Group. Sonolysis in Prevention of Brain
Infarction During Carotid Endarterectomy and Stenting
(SONOBUSTER): a randomized, controlled trial. Eur Heart J
2016;37:3096-102.

25. Mantese VA, Timaran CH, Chiu D, Begg RJ, Brott TG; CREST
Investigators. The Carotid Revascularization Endarterectomy
versus Stenting Trial (CREST): stenting versus carotid end-
arterectomy for carotid disease. Stroke 2010;41(Suppl):S31-4.

26. Schnaudigel S, Gröschel K, Pilgram SM, Kastrup A. New
brain lesions after carotid stenting versus carotid endarter-
ectomy: a systematic review of the literature. Stroke 2008;39:
1911-9.

27. Brott TG, Hobson RW 2nd, Howard G, Roubin GS, Clark WM,
Brooks W, et al. Stenting versus endarterectomy for treat-
ment of carotid-artery stenosis. N Engl J Med 2010;363:11-23.

28. Orlický M, Vachata P, Barto�s R, Same�s M. Intraluminal shunt
in carotid endarterectomies increases the risk of ischemic
stroke. Cesk Slov Neurol Neurochir 2015;78:163-6.

29. Vermeer SE, Prins ND, den Heijer T, Hofman A, Koudstaal PJ,
Breteler MM. Silent brain infarcts and the risk of dementia
and cognitive decline. N Engl J Med 2003;348:1215-22.

30. von Reutern GM, Goertler MW, Bornstein NM, Del Sette M,
Evans DH, Hetzel A, et al. Grading carotid stenosis using
ultrasonic methods. Stroke 2012;43:916-21.

31. Brott TG, Halperin JL, Abbara S, Bacharach JM, Barr JD,
Bush RL, et al. 2011 ASA/ACCF/AHA/AANN/AANS/ACR/
ASNR/CNS/SAIP/SCAI/SIR/SNIS/SVM/SVS guideline on the
management of patients with extracranial carotid and
vertebral artery disease: executive summary. Vasc Med
2011;16:35-77.

32. Ferguson GG, Eliasziw M, Barr HW, Clagett GP, Barnes RW,
Wallace MC, et al. The North American Symptomatic Carotid
Endarterectomy Trial surgical results in 1415 patients. Stroke
1999;30:1751-8.

33. Hsieh JK, Dalton JE, Yang D, Farag ES, Sessler DI, Kurz AM.
The association between mild intraoperative hypotension
and stroke in general surgery patients. Anesth Analg
2016;123:933-9.

34. Same�s M, Provazníková E, Cihlá�r F, Vachata P, Barto�s R,
Hej�cl A. Perisurgical monitoring of activated coagulation
time in carotid endarterectomy. Cesk Slov Neurol Neurochir
2011;74:325-9.

35. Lacroix V, Hammer F, Astarci P, Duprez T, Grandin C,
Cosnard G, et al. Ischemic cerebral lesions after carotid
surgery and carotid stenting. Eur J Vasc Endovasc Surg
2007;33:430-5.

http://refhub.elsevier.com/S0741-5214(18)32486-8/sref2
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref2
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref2
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref3
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref3
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref3
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref3
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref3
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref4
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref4
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref4
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref4
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref4
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref4
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref4
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref5
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref5
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref5
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref5
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref6
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref6
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref6
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref6
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref6
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref7
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref7
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref7
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref7
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref8
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref8
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref8
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref9
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref9
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref9
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref10
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref10
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref10
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref11
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref11
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref11
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref12
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref12
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref12
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref12
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref13
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref13
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref13
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref14
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref14
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref14
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref15
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref15
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref15
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref15
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref15
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref16
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref16
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref16
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref16
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref17
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref17
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref17
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref17
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref17
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref18
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref18
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref18
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref19
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref19
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref19
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref20
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref20
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref20
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref20
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref21
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref21
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref21
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref21
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref21
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref22
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref22
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref22
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref22
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref23
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref23
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref23
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref23
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref23
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref23
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref23
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref23
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref24
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref24
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref24
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref24
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref24
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref24
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref25
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref25
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref25
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref25
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref26
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref26
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref26
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref26
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref27
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref27
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref27
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref28
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref28
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref28
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref28
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref28
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref29
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref29
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref29
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref30
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref30
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref30
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref31
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref31
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref31
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref31
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref31
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref31
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref32
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref32
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref32
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref32
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref33
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref33
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref33
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref33
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref34
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref34
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref34
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref34
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref34
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref34
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref34
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref34
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref35
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref35
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref35
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref35


10 Orlický et al Journal of Vascular Surgery
--- 2018
36. Flach HZ, Ouhlous M, Hendriks JM, Van Sambeek MR,
Veenland JF, Koudstaal PJ, et al. Cerebral ischemia after
carotid intervention. J Endovasc Ther 2004;11:251-7.

37. Bonati LH, Jongen LM, Haller S, Flach HZ, Dobson J,
Nederkoorn PJ, et al. New ischaemic brain lesions on MRI
after stenting or endarterectomy for symptomatic carotid
stenosis: a substudy of the International Carotid Stenting
Study (ICSS). Lancet Neurol 2010;9:353-62.

38. Szabo K, Kern R, Gass A, Hirsch J, Hennerici M. Acute stroke
patterns in patients with internal carotid artery disease: a
diffusion-weighted magnetic resonance imaging study.
Stroke 2001;32:1323-9.

39. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR,
White HD, et al. Third universal definition of myocardial
infarction. Eur Heart J 2012;33:2551-67.

40. Tangkanakul C, Counsell CE, Warlow CP. Local versus gen-
eral anaesthesia in carotid endarterectomy: a systematic
review of the evidence. Eur J Vasc Endovasc Surg 1997;13:
491-9.

41. Heyer EJ, Adams DC, Solomon RA, Todd GJ, Quest DO,
McMahon DJ, et al. Neuropsychometric changes in patients
after carotid endarterectomy. Stroke J Cereb Circ 1998;29:
1110-5.

42. Chida K, Ogasawara K, Suga Y, Saito H, Kobayashi M,
Yoshida K, et al. Postoperative cortical neural loss associated
with cerebral hyperperfusion and cognitive impairment
after carotid endarterectomy. Stroke 2009;40:448-53.

43. Brinkman SD, Braun P, Ganji S, Morrell RM, Jacobs LA.
Neuropsychological performance one week after carotid
endarterectomy reflects intra-operative ischemia. Stroke
1984;15:497-503.

44. Heyer EJ, Sharma R, Rampersad A, Winfree CJ, Mack WJ,
Solomon RA, et al. A controlled prospective study of neu-
ropsychological dysfunction following carotid endarterec-
tomy. Arch Neurol 2002;59:217-22.

45. Gaunt ME, Martin PJ, Smith JL, Rimmer T, Cherryman G,
Ratliff DA, et al. Clinical relevance of intraoperative emboli-
zation detected by transcranial Doppler ultrasonography
during carotid endarterectomy: a prospective study of 100
patients. Br J Surg 1994;81:1435-9.
46. Kuliha M, Roubec M, Procházka V, Jonszta T, Hrbá�c T,
Havelka J, et al. Randomized clinical trial comparing
neurological outcomes after carotid endarterectomy or
stenting. Br J Surg 2015;102:194-201.

47. Cho J, Lee KK, Yun WS, Kim HK, Hwang YH, Huh S. Selective
shunt during carotid endarterectomy using routine awake
test with respect to a lower shunt rate. J Korean Surg Soc
2013;84:238-44.

48. Orlický M, Vachata P, Barto�s R, Waldauf P, Same�s M.
A selective carotid artery shunting for carotid endarterec-
tomy: prospective MR DWI monitoring of embolization in a
group of 754 patients. J Neurol Surg A Cent Eur Neurosurg
2015;76:89-92.

49. Rerkasem K, Rothwell PM. Routine or selective carotid artery
shunting for carotid endarterectomy and different methods
of monitoring in selective shunting. Stroke 2010;41:e53-4.

50. Ott DA, Cooley DA, Chapa L, Coelho A. Carotid endarterec-
tomy without temporary intraluminal shunt. Study of 309
consecutive operations. Ann Surg 1980;191:708-14.

51. Michaelides C, Nguyen TN, Chiappa KH, Kwolek CJ,
Simon MV. Cerebral embolism during elective carotid end-
arterectomy treated with tissue plasminogen activator:
utility of intraoperative EEG monitoring. Clin Neurol Neuro-
surg 2010;112:446-9.

52. Amarenco P, Labreuche J, Lavallée P, Touboul PJ. Statins in
stroke prevention and carotid atherosclerosis. Stroke
2004;35:2902-9.

53. Vaughan CJ, Delanty N. Neuroprotective properties of statins
in cerebral ischemia and stroke. Stroke 1999;30:1969-73.

54. Bijker JB, Persoon S, Peelen LM, Moons KG, Kalkman CJ,
Kappelle LJ, et al. Intraoperative hypotension and perioper-
ative ischemic stroke after general surgery: a nested case-
control study. Anesthesiology 2012;116:658-64.

55. Klimek-Piotrowska W, Kope�c M, Kochana M, Krzy _zewski RM,
Tomaszewski KA, Brzegowy P, et al. Configurations of the
circle of Willis: a computed tomography angiography based
study on a Polish population. Folia Morphol (Warsz) 2013;72:
293-9.

Submitted Jun 6, 2018; accepted Oct 4, 2018.

http://refhub.elsevier.com/S0741-5214(18)32486-8/sref36
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref36
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref36
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref37
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref37
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref37
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref37
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref37
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref38
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref38
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref38
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref38
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref39
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref39
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref39
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref40
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref40
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref40
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref40
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref41
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref41
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref41
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref41
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref42
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref42
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref42
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref42
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref43
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref43
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref43
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref43
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref44
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref44
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref44
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref44
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref45
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref45
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref45
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref45
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref45
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref46
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref46
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref46
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref46
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref46
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref47
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref47
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref47
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref47
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref48
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref48
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref48
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref48
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref48
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref48
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref48
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref49
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref49
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref49
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref50
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref50
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref50
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref51
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref51
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref51
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref51
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref51
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref52
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref52
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref52
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref53
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref53
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref54
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref54
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref54
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref54
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref55
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref55
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref55
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref55
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref55
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref55
http://refhub.elsevier.com/S0741-5214(18)32486-8/sref55

	Anesthesia type determines risk of cerebral infarction after carotid endarterectomy
	Methods
	Ethical approval of the study protocol
	Patients
	Evaluation of carotid stenosis
	CEA
	LA
	GA
	MRI
	Clinical examinations
	End points for study analyses
	Statistical analysis

	Results
	Discussion
	Conclusions
	Author contributions
	References


