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Summary 
Objective. The aim of this study is to assess the safety of the use of regional anesthesia for performing 

carotid endarterectomy (CEA) in patients in the acute phase of ischemic stroke. 
Material and methods. The study included 66 patients in the acute phase of ischemic stroke (atherothrom-

botic subtype according to the TOAST classification) who underwent carotid endarterectomy. The inclusion 
criteria for the study were as follows: acute phase of atherothrombotic ischemic stroke (first 28 days), ipsilateral 
symptomatic � 50% stenosis of the internal carotid artery, 1–4 points neurological deficit according to the mod-
ified Rankin Scale (mRS), 1–13 points neurological deficit according to the National Institutes of Health Stroke 
Scale (NIHSS), size of the cerebral ischemic lesion � 4 cm. This single-center prospective cohort study compared 
two anesthetic approaches, regional anesthesia (RA, 46 patients) and general anesthesia (GA, 20 patients). The 
RA techniques included ultrasound-guided superficial and deep cervical plexus blocks on the side of the surgery. 

Results. The study found no significant differences in the baseline patient characteristics, surgery techniques 
and clinical outcomes between the groups. There were no neurological or cardiovascular toxic reactions to the 
local anesthetics. Conversions from RA to GA were not performed. In the RA group, recurrent ipsilateral ischemic 
strokes, myocardial infarctions, wound hemorrhagic complications and lethal outcomes did not occur.  

Conclusion. This pilot study has demonstrated the safety of RA for performing CEA in patients in the acute 
phase of ischemic stroke. RA provides adequate neuromonitoring and timely intraoperative recognition of 
«new» ischemic complications. To compare the efficacy of RA and GA for performing CEA in patients with 
acute ischemic stroke, large randomized controlled trials are needed. 
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Introduction 
Currently, the main options of anesthesia for 

performing carotid endarterectomy (CEA) include 
regional anesthesia (RA), general anesthesia (GA), 
and combined anesthesia [1–3]. RA and GA are 
most often compared to each other as two diamet-
rically opposite anesthetic approaches [4, 5]. Under 
RA, the patient retains consciousness (from the full 
wakefulness to superficial sedation) and spontaneous 
breathing. Under GA, the patient's consciousness 
and spontaneous breathing are pharmacologically 
switched off. Various papers indicate both the ad-
vantages and disadvantages of each approach. 

On the one hand, RA provides a more appro-
priate neuromonitoring of the operated patient 
(determination of the level of consciousness, de-
velopment of movement disorders in the contralat-
eral limbs or their worsening, speech changes), a 
lesser effect on cerebrovascular autoregulation, he-
modynamic stability, better postoperative pain 

relief, a lower frequency of using a temporary in-
traluminal shunt and shorter hospital stay [2, 5–7]. 
On the other hand, such factors as additional psy-
cho-emotional stress, difficulty in the reliable control 
of external respiration, lack of cerebral protection 
and muscle relaxation are considered among the 
disadvantages of RA [8–10]. 

The National Guidelines for the Management 
of Patients with Brachiocephalic Arteries Diseases 
(2013) indicate that GA and RA have the same 
safety in carotid surgery [4]. The type of anesthesia 
is determined by a joint decision of the anesthesi-
ologist and surgeon, and is agreed with the patient 
[4]. These recommendations are largely based on 
the only large randomized controlled trial, the 
GALA trial (General Anesthesia versus Local Anes-
thesia for Carotid Surgery, 2008), comparing RA 
(n=1773) and GA (n=1753) in 3526 patients who 
underwent CEA [5, 11]. No benefit was found for 
either type of anesthesia [5, 11]. The patients in 
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the acute stage of ischemic stroke were not included 
in this work, and CEA was performed for both 
symptomatic and asymptomatic lesions of the in-
ternal carotid artery (ICA) [5]. 

By the acute period of ischemic stroke, we 
mean the first 28 days after the onset of the dis-
ease [12]. In the 2019 American Heart Association 
(AHA) and American Stroke Association (ASA) Guide-
lines for the Early Management of Acute Ischemic 
Stroke, emergency or urgent CEA for acute ischemic 
stroke is classified as Class IIb recommendation 
with a B-NR level of evidence [13]. To date, there 
are no unequivocal recommendations regarding 
the type of anesthesia for performing CEA in patients 
in the acute period of ischemic stroke [13]. 

The aim of this study is to assess the safety of 
RA for performing CEA in patients in the acute 
period of ischemic stroke, i. e., in the first 28 days 
after the onset of the disease. 

Material and Methods 
This pilot study included 66 patients in the 

acute stage of ischemic stroke with symptomatic 
ICA stenosis, who underwent CEA surgery in the 
Buyanov City Clinical Hospital (Moscow, Russia) in 
the period from 2015 to 2021. 

Study hypothesis: RA is a safe type of anesthesia 
for performing CEA in patients in the acute period 
of ischemic stroke. 

Study design: a single-center prospective cohort 
clinical study. 

The present study was approved by the local 
ethics committee of the Pirogov Medical University 
(protocol 2, dated January 27, 2016). All patients 
signed an informed consent before the operation. 

The inclusion criteria for the study were as 
follows:  

— acute period of atherothrombotic ischemic 
stroke (first 28 days), 

— ipsilateral «symptomatic» stenosis of the 
internal carotid artery of 50% or more, 

— neurological deficit according to the modi-
fied Rankin Scale (mRS) 1–4 points, 

— neurological deficit according to the National 
Institutes of Health Stroke Scale (NIHSS) 1–13 points, 
corresponding to minor to moderate stroke severity, 

— size of the cerebral ischemic lesion �4 cm. 
The exclusion criteria for the study: 
— concomitant cardiac arrhythmia (atrial fib-

rillation), 
— ipsilateral stenosis of the ICA�50%, 
— neurological deficit �5 points according to 

the mRS, 
— neurological deficit �14 points according 

to the NIHSS, 
— size of the cerebral ischemic lesion �4 cm, 
— endovascular procedures on carotid and 

cerebral arteries. 

Patients with concomitant cardiac arrhythmias, 
mainly with atrial fibrillation, were not included in 
this study. Thus, with a certain degree of confidence, 
it can be argued that all of the selected patients 
had ischemic stroke of the atherothrombotic subtype 
according to the TOAST classification (Trial of Org 
10172 in Acute Stroke Treatment), i. e., the main 
cause of the disease was atherosclerosis of large 
arteries [14]. 

The primary endpoint was ipsilateral ischemic 
stroke in the postoperative period. The secondary 
endpoints were any stroke, myocardial infarction, 
wound hemorrhagic complications, temporary in-
traluminal shunt use, duration of the postoperative 
period, and death. 

RA was used in 46 patients (69.7%), GA was 
chosen in 20 patients (30.3%). Both groups were com-
parable in baseline patient characteristics (Table 1). 

RA was performed under ultrasound guid-
ance, using an ultrasound machine «LOGIQ e» 
(GE Healthcare, USA). Using the aseptic technique, 
we performed a combined superficial and deep 
cervical plexus block on the side of the operation 
with 0.5–0.75% ropivacaine or 0.5% levobupiva-
caine solution in a total dose of 150–300 mg. The 
effectiveness of the block was assessed by deter-
mining pain and tactile sensitivity on the corre-
sponding anterolateral surface of the neck from 
the edge of the mandible to the clavicle. The av-
erage time from the block to the start of the op-
eration was 29.9±5.7 minutes. Intraoperatively, if 
necessary (persistent pain sensitivity), the surgeon 
additionally irrigated the surgical wound with 2% 
lidocaine solution. After opening the carotid 
fascial sheath, almost all patients additionally re-
quired irrigation of the carotid arteries with a 
local anesthetic (5 ml of 2% lidocaine solution) 
due to the development of pain syndrome during 
their mobilization. In addition, irrigation of carotid 
glomus with local anesthetic (5 ml of 2% lidocaine 
solution) was routinely performed in all patients. 
In all cases, RA was supplemented with intravenous 
bolus injections of fentanyl in a total dose of 
200–300 µg for optimal analgesia and superficial 
sedation. To prevent involuntary arm movements 
and to prevent the patient falling off the operating 
table during surgery, we used wrist restraints and 
a thigh belt. We placed a squeaky toy in the con-
tralateral hand for non-verbal communication 
with the patient. 

In the GA group, we used balanced endotra-
cheal anesthesia with tracheal intubation. Induction 
of GA was carried out with fentanyl, propofol and 
an intermediate-acting neuromuscular blocking 
agent (atracurium, cisatracurium, or rocuronium); 
the maintenance of anesthesia — with fentanyl, 
sevoflurane and a neuromuscular blocking agent. 
Tracheal extubation was performed on the operating 
table 10–15 minutes after the end of the operation 
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to conduct an early assessment of the patient's 
neurological status. 

Oxygenation was monitored using pulse oxime-
try with target values of 99–100%. Invasive blood 
pressure monitoring was performed through a 20G 
catheter placed in the radial artery. It began before 
the induction of anesthesia and lasted for 24 hours. 
In addition, ECG monitoring with ST-segment analy-
sis, non-invasive measurement of blood pressure, 
and urine output assessment were carried out. Dur-
ing GA, bispectral index/cerebral oximetry, respi-
ratory mechanics indicators, analysis of gas mixture 
in the respiratory circuit, and body temperature 
monitoring were performed as well. 

Intraoperatively, the cerebral tolerance to is-
chemia was assessed objectively and subjectively. 
As an objective criterion, stump pressure was meas-
ured in all patients (groups RA and GA) during 
clamping of the common and external carotid ar-
teries. In cases of mean stump pressure below 30 
mm Hg and the absence of a characteristic stump 
pressure waveform, the indications for the insertion 
of a temporary intraluminal shunt were presented. 
In the RA group, subjective criteria for assessing 
the cerebral tolerance to the cross-clamping were 
additionally used (dynamic neuromonitoring in-
cluding assessment of the patient's level of con-
sciousness, cognitive status, motor function of the 
contralateral upper limb by squeezing and releasing 
a squeaky rubber toy in the hand, and speech). 
Subjective indications for the insertion of a temporary 
intraluminal shunt were the development of de-
pression of consciousness or confusion, the ap-
pearance or deterioration of paresis in the con-
tralateral hand, the appearance or deterioration of 
aphasia. Dynamic neuromonitoring continued 
throughout the entire period of cross-clamping and 

made it possible to track the slightest changes in 
the patient's neurological status. In addition, since 
2020, we have begun to routinely perform cerebral 
oximetry of both cerebral hemispheres using INVOS 
technology for all patients in our study. Thus, we 
got a second objective criterion for assessing the 
cerebral tolerance to the clamping — the absolute 
values of ipsilateral rSO₂ below 40–50%. 

Statistical analysis of clinical data was per-
formed using Statistica 12 software for Windows 
(StatSoft Inc., USA). The sample size was not pre-
defined. Normality of data distribution was assessed 
using the Kolmogorov–Smirnov test and 
Shapiro–Wilk’s test. To compare continuous variables 
with a normal distribution, Student's t-test was 
used for independent samples; to compare variables 
that do not have a normal distribution, the 
Mann–Whitney U-test was used. Nominal data were 
compared using Pearson's Chi-Square test. The 
differences between the groups were considered 
significant at P�0.05. The data obtained during the 
study were analyzed according to the basic principles 
of evidence-based medicine. 

Results 
Significant differences in surgery types and 

clinical outcomes between both groups were not 
found (Table 2). There were no neurological or car-
diovascular toxic reactions to the local anesthetics. 
No conversion from RA to GA was performed. The 
frequency of using a temporary intraluminal shunt 
was lower in the RA group (23.9% vs 35%), but no 
significant differences were found due to the small 
size of the groups (P=0.35). At the hospital stage in 
the RA group, recurrent ipsilateral ischemic stroke, 
myocardial infarction, wound hemorrhagic com-
plications, as well as deaths did not occur. However, 

Parameters                                                                                                                                              Parameters values in groups                      P-value 
                                                                                                                                                  Regional anesthesia                General anesthesia 
                                                                                                                                                                 (n=46)                                             (n=20)                           
Age (years)                                                                                                                               64.9±7.0                                      63.6±10.6                 0.65 
Men (n, %)                                                                                                                               34 (73.9)                                        13 (65)                    0.46 

Comorbidities (n, %) 
Arterial hypertension                                                                                                          45 (97.8)                                        19 (95)                    0.54 
Coronary artery disease                                                                                                     18 (39.1)                                         9 (45)                     0.66 
Previous myocardial infarction                                                                                         7 (15.2)                                           5 (25)                     0.34 
Previous stroke                                                                                                                      10 (21.7)                                         6 (30)                     0.47 
Diabetes                                                                                                                                   15 (32.6)                                         5 (25)                     0.54 
Smoking                                                                                                                                   21 (45.7)                                         7 (35)                     0.42 

Baseline neurological deficit 
mRS (scores)                                                                                                                            3.4±0.7                                         3.3±0.8                     0.8 
NIHSS (scores)                                                                                                                        5.8±2.8                                         5.6±2.8                    0.95 

Number and size of cerebral ischemic lesions 
Single lesion (n, %)                                                                                                                 23 (50)                                           8 (40)                    0.45* 
Several lesions (n, %)                                                                                                             23 (50)                                          12 (60)                         
Lesion dimensions (mm)                                                                                                  15.9±10.4                                     17.6±13.7                 0.81 

Thrombolysis 
Systemic thrombolytic therapy (n, %)                                                                             3 (6.5)                                            2 (10)                     0.62 

Table 1. Comparative baseline characteristics of patients in the RA and GA groups.

Note. * — Chi-Square test was used for multi-field tables.
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two strokes (4.4%) happened in the RA group: an 
intracerebral hematoma in the area of previously 
described gliosis lesions on the side of the operation 
(1 patient) and an ischemic stroke on the contralateral 
side (1 patient). Both patients were discharged from 
the hospital with moderate neurological deficit. A 
postoperative wound hematoma developed in the 
early postoperative period in one patient from the 
GA group (5%), which required its revision and he-
mostasis. 

Discussion 
Currently, RA is becoming a more and more 

popular method of anesthesia in carotid surgery, 
although the use of a specific type of anesthesia is 
largely determined by the preferences of the vascular 
surgeon, anesthesiologist and the individual pa-
tient [2, 5, 6]. The wide use of RA was facilitated by 
the universal implementation of ultrasound guidance 
and neurostimulation, as well as the emergence of 
more effective and safer local anesthetics and seda-
tives [7, 15, 16]. In addition, the popularity of RA in 
carotid surgery is explained by the imperfection of 
surrogate methods of neuromonitoring (cerebral 
oximetry, transcranial Doppler, bispectral index, 
electroencephalography, somatosensory evoked po-
tentials), which are commonly used during GA and 
do not always accurately reflect the state of the 
brain during cross-clamping [6, 17, 18]. It should 
be noted that patient cooperation is a crucial factor 
during operations under RA. Therefore, psychiatric 
disorders, irregular or unpredictable behavior, claus-
trophobia are contraindications to RA.  

 Surgical stress, cited as one of the main draw-
backs of RA, is currently successfully suppressed 
using sedation [10]. A number of works indicate 
the need for additional use of opioids (fentanyl, 
remifentanil) and sedatives (dexmedetomidine, 
clonidine, benzodiazepines, propofol, etc.) when 

performing CEA under RA, which reduces the level 
of perioperative stress, provides the necessary psy-
chological comfort to the patient, especially in the 
case of incomplete pain relief [10, 19]. Based on the 
measurement of plasma cortisol levels, Szabo P. M. 
et al. (2020) demonstrated that additional target 
controlled propofol infusion during RA has a sig-
nificant positive effect on perioperative stress [10]. 
In our study, fentanyl was administered for complete 
analgesia but sedation was not routinely used. How-
ever, if it was necessary to use a temporary intralu-
minal shunt, the propofol infusion was adjusted to 
ensure neuroprotection and prevention of psy-
chomotor agitation during cross-clamping. In pa-
tients being operated on in the acute period of 
stroke, delayed placement of intraluminal shunt or 
arteriorrhaphy may create a risk of new ischemic 
cerebral complications. Therefore, before the carotid 
artery clamping, arteriotomy and shunt placement, 
we made an intravenous bolus of propofol at a 
dose of 50–100 mg and started an intravenous in-
fusion of propofol at a rate of 300–400 mg/hour. 
After reaching the required level of sedation (the 
Richmond Agitation Sedation Scale of –3 or –4 
points, the Ramsay Sedation Scale of 5 points), the 
arteries were clamped and a temporary shunt was 
inserted. Similar steps were taken before extraction 
of the shunt and arteriorrhaphy. Propofol infusion 
was continued during the cross-clamping periods. 
During intravenous sedation, the patient was ob-
served to maintain adequate spontaneous breathing. 
After recovery of clear consciousness, the strength 
of the contralateral hand and speech were assessed. 

Temporary intraluminal shunt. Opinions about 
the use of a temporary intraluminal shunt for CEA 
are controversial, and the rate of its use in patients 
operated on under RA, according to the literature, 
ranges from 8.9% to 31.6% [20–22]. In our study, a 
temporary shunt was used in 23.9% of cases in the 

Parameters                                                                                                                                              Parameters values in groups                      P-value 
                                                                                                                                                  Regional anesthesia                General anesthesia 
                                                                                                                                                                 (n=46)                                             (n=20)                           
Time from stroke to surgery (days)                                                                                  8.8±5.3                                        7.0±4.3                    0.26 
Operation in the first 72 hours after the onset of the stroke (n, %)                      5 (10.9)                                          3 (15)                      0.64 
Duration of surgery (minutes)                                                                                         97.2±26.0                                    91.8±18.8                  0.56 
Duration of cross-clamping (minutes)                                                                         26.8±11.0                                    26.6±15.4                  0.78 
Temporary intraluminal shunt (n, %)                                                                            11 (23.9)                                         7 (35)                      0.35 
Duration of the postoperative period (days)                                                                5.2±1.8                                        5.6±2.0                    0.46 
Length of hospital stay (days)                                                                                           11.6±5.3                                      11.2±4.2                    1.0 
Death (n, %)                                                                                                                                 0 (0)                                              0 (0)                        1.0 

Postoperative complications (n, %) 
Ipsilateral ischemic stroke                                                                                                     0 (0)                                              0 (0)                        1.0 
Any stroke                                                                                                                                  2 (4.4)                                            0 (0)                       0.34 
Myocardial infarction                                                                                                              0 (0)                                              0 (0)                        1.0 
Wound hemorrhagic complications                                                                                  0 (0)                                              1 (5)                       0.13 

Neurological status at discharge 
mRS (scores)                                                                                                                             1.1±1.1                                        1.0±1.1                     0.5 
NIHSS (scores)                                                                                                                         1.9±2.1                                        2.0±1.7                    0.67

Table 2. Comparative results of the use of RA and GA for CEA in the acute period of ischemic stroke.
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RA group and in 35% of cases in the GA group (not 
significant difference). Reducing the frequency of 
temporary shunting is really important, since the 
intraoperative shunt use itself may be an additional 
risk factor for cerebral ischemic complications [18]. 
Rocha-Neves J. M. et al. (2020) showed that the use 
of the temporary shunt has not demonstrated an 
advantage in the incidence of perioperative com-
plications of CEA (stroke, hyperperfusion syndrome, 
myocardial infarction, surgical hematoma) among 
patients operated on under RA, who developed neu-
rological deficit during carotid cross-clamping [21]. 
Zakirzhanov N. R. et al. (2021) succeeded in avoiding 
the use of temporary shunt in patients in hyperacute 
and acute stages of ischemic stroke [23]. The authors 
used RA, which, in combination with intraoperative 
transcranial Doppler and dynamic neuromonitoring 
in real time, provided an accurate and qualitative 
assessment of the cerebral tolerance to ischemia 
during carotid cross-clamping [23]. 

Neurological complications. In the largest 
randomized clinical study, the GALA trial, the inci-
dence of stroke in the RA group was 3.7% (7 of 66 
strokes were contralateral to the side of the opera-
tion), and in the GA group it was 4% (15 of 70 
strokes were contralateral); the difference between 
the groups was insignificant [5]. Orlický M. et al. 
(2019) compared the incidence of asymptomatic 
strokes (according to diffusion-weighted magnetic 
resonance imaging of the brain) in patients under-
going CEA under RA (n=105) and under GA (n=105). 
MRI was performed before surgery and 24 hours 
after it. The frequency of newly identified asymp-
tomatic ischemic lesions was significantly lower in 
the RA group: 6.7% versus 17.1% (P=0.031). Most 
lesions after RA (71.4%) were associated with em-
bolization, and more than half of the new ischemic 
injuries after GA (55.5%) were due to cerebral hy-
poperfusion  [24]. The authors believe that such 
asymptomatic ischemic damages may further impair 
cognitive function  [24]. There was no significant 
difference in the incidence of strokes, transient is-
chemic attacks and other perioperative complications 
[24]. The literature describes various reactions to 
cerebral hypoperfusion during carotid cross-clamp-
ing under RA including depression of consciousness 
or confusion, psychomotor agitation, aphasia, paresis 
of the contralateral limbs or seizures [7, 18].  

According to the literature, the frequency of 
conversion from RA to GA in CEA patients ranges 
from 0.3% to 14.3% [5, 19, 25]. The main reasons 
for conversion are insufficient anesthesia, psy-
chomotor agitation of the patient, claustrophobia, 
intravascular injection of local anesthetic, mani-
festations of severe respiratory failure, prolongation 
of surgery due to various reasons [5, 19, 20, 25]. In 
our study, conversions from RA to GA were not per-
formed, and the appearance of pain due to the ex-

pansion of the surgical field or due to the opening 
of the carotid fascial sheath was stopped by irrigating 
the surgical field with 2% lidocaine solution and 
additional IV administration of opioids. The de-
velopment of pain syndrome during mobilization 
of the carotid arteries is due to the fact that the 
carotid sheath is abundantly innervated by the 
glossopharyngeal and vagus nerves and cannot be 
anesthetized with cervical plexus blocks [15]. Irri-
gation of carotid glomus with a local anesthetic 
(5 ml of 2% lidocaine solution) was carried out to 
suppress unwanted hemodynamic reactions (brady-
cardia, excessive arterial hypertension, blood pres-
sure fluctuations). We emphasize that we use the 
irrigation technique instead of the injection tech-
nique in order to exclude the possibility of inad-
vertent intravascular injection. 

According to Grieff A.N. et al. (2021), RA was 
accompanied by a significantly lower incidence of 
cranial nerve injury compared to GA: 1.7% versus 
2.9%, respectively (P�0.002) [26]. Analysis of the 
literature has shown that the most commonly injured 
during CEA are hypoglossal nerve and the marginal 
mandibular branch of the facial nerve followed by 
glossopharyngeal, vagus and spinal accessory 
nerves [7, 26]. Damage to the hypoglossal nerve is 
manifested by deviation of the tongue towards the 
injury. Damage to the marginal mandibular branch 
of the facial nerve usually causes permanent paralysis 
of the muscle of the corresponding half of the lower 
lip and is manifested by a drooping mouth corner 
and an asymmetric smile [27]. Manipulations with 
the vagus nerve cause hemodynamic reactions 
(bradycardia, hypotension), nausea and vomiting. 
Damage to the vagus nerve (for example, after com-
pression with a Farabeuf retractor) is manifested 
by persistent sinus tachycardia after surgery. Most 
cranial nerve palsies spontaneously resolve within 
1 year, with the exception of the spinal accessory 
nerve palsy, which may be irreversible [26]. 

Myocardial ischemia and myocardial infarc-
tion. In the largest randomized GALA trial, the in-
cidence of myocardial infarction in the RA group 
was 0.5% versus 0.2% in the GA group (not significant 
difference) [5]. Grobben R.B. et al. (2016) found 
that troponin I elevation in the first 3 days after 
surgery was detected in 15.1% of patients who un-
derwent CEA under GA, but myocardial infarction 
developed in 3.6% in the first 30 days [28]. Thus, 
clinically confirmed myocardial infarction was ob-
served in only 23.5% of patients with elevated tro-
ponin I levels after surgery under GA [28]. Pereira 
Macedo J. et al. (2019) found that troponin I elevation 
in the first 2 days after surgery was detected in 
15.3% of patients who underwent CEA under RA 
[29]. In the long-term follow-up period, patients 
with diagnosed myocardial injury after CEA under 
RA remained at a high risk of developing myocardial 
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infarction and other major adverse cardiovascular 
events [29]. In an earlier trial, Sbarigia E. et al. (1999) 
performed intraoperative 12-lead ECG monitoring 
with ST segment analysis [22]. In the general sample, 
the signs of myocardial ischemia were found in 
18% of patients operated on under RA, and in 23% 
of patients operated on under GA (the difference 
was not significant) [22]. When selecting subgroups 
depending on the presence / absence of coronary 
artery disease (CAD) and the type of anesthesia 
(RA or GA), the most frequent episodes of myocardial 
ischemia occurred in the CAD-GA subgroup (83%). 
The data may indicate a preference for the use of 
RA for CEA in patients with high cardiac risk [22]. 

Complications of RA. Complications of RA 
develop in 0–4.4% of patients [5, 7, 15]. The most 
dangerous complications associated with inadvertent 
intravascular injection of local anesthetic, causing 
systemic toxic reactions (up to generalized seizures, 
coma, refractory asystole). Respiratory distress can 
develop as a result of an unintentional blocking of 
the phrenic or recurrent laryngeal nerves. A unilateral 
phrenic nerve block is a common complication of 
deep cervical plexus anesthesia (55–80%), but is 
usually asymptomatic [15]. Clinically significant 
respiratory disorders (complete paralysis of the di-
aphragm, asphyxia) can occur in the presence of a 
previous paresis of the contralateral phrenic or re-
current laryngeal nerves [7]. Among the cardiovas-
cular complications of RA, hypertensive emergency, 
angina episode, tachy- and bradyarrhythmias are 
possible [5]. The development of RA complications 
leaves the multidisciplinary team with a difficult 
choice whether to convert to GA and perform the 
scheduled surgery or postpone surgical intervention. 
The decision is made individually in each case, but 
always by a team. 

In a recent systematic review with meta-analy-
sis, Harky A. et al. (2020) compared two large samples 
of patients operated on under RA (n=26094) and 
GA (n=126282), which included both cohort studies 
(prospective and retrospective) and randomized 
controlled trials [30]. The comparative analysis 
demonstrated the significant advantages of RA in 
almost all criteria: neurological and cardiovascular 
complications, length of intensive care unit stay, 
length of hospital stay, and most importantly, mor-
tality. However, when separately comparing RA 
(n=1987) and GA (n=1969) in patients included only 
in randomized controlled trials, no significant differ-
ence was identified for any item [30]. 

In the international literature, we found no 
large randomized controlled trials comparing differ-

ent types of anesthesia for performing CEA in 
patients in the acute period of ischemic stroke. 

Our preference for RA when performing CEA 
in patients in hyperacute (up to 72 hours) and acute 
(up to 28 days) periods of ischemic stroke is due to 
the following considerations. The main advantage 
of RA in this cohort of patients is the ability to 
perform dynamic neuromonitoring during the entire 
operation. In case of a worsening of the initial neu-
rological deficit or the development of a new one, 
this complication is diagnosed immediately and 
the necessary measures are taken in a timely manner 
to adjust the treatment strategy. According to Stone-
ham M.D. et al. (2015), observing an awake patient 
during cross-clamping is the most reliable method 
for assessing his neurological status [7]. In the case 
of GA, an intraoperative recurrent stroke can be di-
agnosed only after recovery of consciousness and 
tracheal extubation, with the loss of a very important 
time. The second advantage of RA is the reducing 
the frequency of temporary shunting. The third ad-
vantage of RA, in our opinion, is the possibility of 
performing an emergency revision of the surgical 
site in the first 6-8 hours after CEA without using 
additional anesthesia, which is extremely important 
in the case of local postoperative complications 
(neck hematoma, bleeding, arterial thrombosis). 

Limitations. The present study has several 
limitations: 

1. Our study did not use randomization to 
evenly and randomly allocate patients between the 
RA and GA groups. The type of anesthesia was de-
termined in each case individually, taking into ac-
count the wishes of the vascular surgeon, anesthe-
siologist and the patient. 

2. For objective reasons, the study could not 
be carried out in a blind manner: the entire multi-
disciplinary medical team and the patients them-
selves knew exactly about the type of anesthesia. 

3. Based on many years of experience in carotid 
surgery, researchers have developed a clear prefer-
ence for RA. 

Conclusion 
This pilot study has demonstrated the safety 

of RA for performing CEA in patients in the acute 
period of ischemic stroke. RA allows the most com-
plete control and assessment of the impaired neu-
rological status of the patient during the operation. 
To compare the efficacy of RA and GA for performing 
CEA in patients with acute ischemic stroke, large 
randomized controlled trials are needed.
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