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Abstract
The review covers the first studies of the vessels of the brain. The history of the emergence and development 

of the doctrine of protecting the brain during operations on the carotid arteries is given. Experience has been 
accumulated in the development of the doctrine of surgical protection of the brain during primary operations on the 
carotid arteries and compression of the carotid arteries. The analysis of existing and existing methods was carried 
out. Based on the above analysis, ways of further development of methods of protecting the brain during operations 
on the carotid arteries are shown.

Ішкі ұйқы артериясына операция жасау кезінде миды 
қорғау әдістерін іздеу тарихын талдау
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Түйіндеме

Шолуда ми тамырларының алғашқы зерттеулері қамтылған. Каротид артерияларына операция 
жасау кезінде миды қорғау туралы ілімнің пайда болуы мен даму тарихы келтірілген. Каротид 
артерияларына алғашқы операциялар жасау және каротид артерияларын қысу кезінде миды 
хирургиялық қорғау туралы ілімді дамыту тәжірибесі жинақталған. Қолданыстағы және қолданыстағы 
әдістерге талдау жасалды. Жоғарыда келтірілген талдау негізінде каротид артерияларындағы 
операциялар кезінде миды қорғау әдістерін одан әрі дамыту жолдары көрсетілген.

Анализ истории поиска методов защиты головного мозга 
при операциях на внутренней сонной артерии

Конысов М.Н.1, Батрашов В.А.2, Сухарева Т.В.3, Мадешов Е.К.1, 
Морозов К.М.4, Кадыров Ж.Е.1., Конысова С.А.1.
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Introduction
The relevance of stroke prevention at the 

moment is beyond doubt. However, if the actual 
operation on the carotid arteries is quite well 
developed, then the question remains unresolved 
of how to protect the brain from ischemia and 
the subsequent development of stroke in the 
perioperative period.

Up to 60% of cerebrovascular complications 
occur during the intraoperative period. 
Complications of operations on extracranial 
arteries include ischemic brain damage (32%), 
distal arterio-arterial embolism, when the 
common carotid artery is clamped, as well as 
haemorrhagic hyper perfusion injuries (29%).1

Carotid artery surgery is a relatively young 
discipline. The first successful endarterectomy 
was performed on August 7, 1953 by M. De Bakey, 
then a 53-year-old man with transient ischemic 
attacks.2,3 

However, it is generally accepted that, 
approximately 1 year later, an operation was 
performed that became the impetus for the 
development of carotid surgery, carried out by 
Eastcott H., Pickering G., Rob C. on May 19, 1954, 
reporting this in the November issue of «The 
Lancet».4 In subsequent years, scientists such as 
De Bakey M., Crawford E., Cooley D., Morris G.J. 
and Wylie E. had a significant influence on the 
development of surgery for occlusive-stenotic 
lesions of the carotid arteries.2,3 

To date, no one doubts that carotid 
endarterectomy is an effective method for 
preventing stroke. The dawn of study occurred in 
the 90s and the beginning of the 21st century.5,6,7,8

The first significant description of the carotid 
arteries was made by the Swiss physician 
Johann Jakob Wepfer in 1658, who noted the 
hemispheric blood supply to the brain by the 
carotid arteries and was the first to document 
the relationship between changes in the arteries 

and symptoms of cerebral ischemia. Later, 
Thomas Willis expanded the works of J.J. Wepfer 
and other researchers and in 1664 published a 
work on cerebral anatomy (Cerebri Anatome) 
with detailed illustrations by Christopher Wren, in 
which he explained the true significance of the 
vascular anastomoses of the base of the brain.9

Key importance in ensuring the safety 
of surgery on the carotid arteries is given to 
preoperative assessment of the state of the circle 
of Willis and monitoring of cerebral circulation 
during clamping of the internal carotid artery 
(ICA). This research was based on the classic 
works of Matas R., who published his results in 
1911. The purpose of the study is to manually 
clamp the contralateral carotid artery.10

An important role is played by angiography, 
which provides information about the 
angioarchitecture of the circle of Willis, topical 
localization, the degree of damage to the 
brachiocephalic arteries (BCA) and the pathways 
of collateral circulation of the brain (CBF).11,12 
This can be achieved using various modifications 
of ultrasound examination, which make it 
possible to develop new diagnostic criteria for 
ICA stenosis.11,12 

Multislice computed tomographic 
angiography (MSCT AG) is a highly informative 
method for studying the angioarchitecture of the 
carotid arteries. Using this method, it is possible 
to obtain an image of the vessels supplying the 
brain from the aortic arch along its entire length, 
to assess the degree of stenosis of the carotid 
arteries, and to identify lesions of intracranial 
vessels.13,14 

When using perfusion computed tomography 
(PCT) in the preoperative period, it is possible 
to assess the state of cerebral blood flow and 
possible risk factors for the development of 
complications after surgery. The disadvantages 
of PCT include the need to administer a contrast 
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Аннотация

В обзоре освещены первые исследования сосудов головного мозга. Приведена история 
зарождения и развития учения о защите головного мозга при операциях на сонных артериях. 
Обобщен опыт первых операций на сонных артериях и развития учения о хирургической 
защите головного мозга при пережатии сонных артерий. Проведен анализ существовавших 
и существующих методов. На основании приведенного анализа, намечены пути дальнейшего 
развития методов защиты головного мозга при операциях на сонных артериях.
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agent and radiation exposure.15,16,17,18

Another method is magnetic resonance 
angiography (MRA) without the administration 
of a contrast agent, which can detect narrowing 
of the lumen of the carotid arteries in both 
intra- and extracranial sections with sensitivity 
and specificity of about 93% and 88%, 
respectively.17,19,20,21

There is no consensus on whether it is 
possible to predict the development of hyper 
perfusion syndrome in the postoperative period 
using available technologies for studying 
changes in cerebral blood flow (ultrasound, CT 
perfusion, MR perfusion).13,21

Rheoencephalography (REG), although the 
method is considered outdated, has also not 
lost its clinical significance.22 An achievement of 
modern medicine is the assessment of CBF by 
radioisotope methods, which make it possible 
to quantitatively and qualitatively characterize 
regional blood circulation.23

Protection of the brain during arrest of blood 
flow through the internal carotid artery remains 
extremely important, regardless of the state 
of the arterial circle at the base of the brain. A 
situation that arises when it is necessary to 
operate on pathological tortuosity.

Historically, three directions have developed.
Craniohypothermia
Mechanisms that protect the brain during 

ischemia are few. Duffy T.E et.al. in 1972 
obtained evidence that with a lack of oxygen, 
the oxidative metabolism of the brain is 
immediately inhibited, which leads to a kind of 
hypoxic anaesthesia (cited by Plum F., Posner 
J.B.).24 Subsequently, 3 mechanisms of tissue 
protection from the damaging effects of lactate 
were described.25. The presence of lactate 
dehydrogenase isoenzymes has been shown 
to control tissue lactate levels, leaching lactate 
into the bloodstream followed by buffering and 
preparation for metabolic use of lactate. About 
the possibility of using lactate by the brain, which 
increases in the blood in small quantities during 
hypoxia? Lactate takes part in the synthesis of 
glycogen, as shown by the results of a study in 
1964 (cited from Labori G. 1974).26 The ability to 
biosynthesize glucose (gluconeogenesis) from 
intermediate metabolites (pyruvate, lactate, 
amino acids, etc.) has been shown by a number 
of researchers.27 

The cause of acute ischemia is a lack of 
cerebral blood flow. There are several degrees of 
critical levels of response of brain tissue to this 
ischemia. Cerebral ischemia is characterized by 
a decrease in cerebral blood flow to 70-80% of 
the normal value. At the first level of decrease it 
is i.e., less than 50-55 ml/100 g of brain tissue/
min.28 At the second level, a decrease in perfusion 
to 10-15 ml/100 g of brain tissue/min and below 
leads to rapid and severe cell damage with the 

formation of an ischemic nucleus, activation of 
anaerobic glycolysis, increased extraction of 
lactate from the blood, development of lactic 
acidosis up to the development of toxic cerebral 
oedema.28,29,30,31,32,33,34,35,36

The third level is the most studied, with 
destabilization of cell membranes, disruption of 
ion transport channels, and release of excessively 
excitatory neurotransmitters.37

Along the periphery of the ischemic core, 
neuronal damage develops much more slowly, 
due to the supporting system of collaterals, 
which allows maintaining the level of perfusion 
above the threshold leading to cell death. 
This zone contains viable cells with partially 
preserved integrity of cellular structures, but with 
reduced functional activity, which makes them 
maximally vulnerable to pathogenic processes 
that disrupt their metabolic balance.35 The cells 
most sensitive to ischemia are neurons, and to 
a lesser extent are oligodendrocytes, astrocytes 
and vascular endothelium.36,37

V. Fitch, considering the trigger point of 
ischemic damage to brain cells as an imbalance 
between provision and need, makes a simple 
conclusion about the possibility of influencing 
this ratio, increasing provision and reducing 
needs.38 To improve the supply of the brain, 
artificial hypertension and hypervolemic 
hemodilution are proposed, and to reduce the 
need, artificial hypothermia and pharmacological 
reduction of the functional activity of the brain 
are proposed.

Metabolic inhibition in combination with 
increased oxygen delivery is the basis for 
the prevention of ischemia. Back in 1969, 
researchers noticed that an increase in systemic 
blood pressure (BP) with the normal structure 
of the circle of Willis leads to an increase in 
cerebral blood flow (CBF) and cerebral perfusion, 
which is described by the formula CBF = CPP / 
CVR, where CBF is volumetric blood flow, CPP 
- cerebral perfusion pressure, CVR-cerebral 
vascular resistance and, accordingly, improved 
cerebral oxygenation.39 The method of artificial 
hypertension based on these observations has 
found its place in surgery of the brachycephalic 
arteries, but its effectiveness is quite 
questionable, since anatomical studies have 
shown that a symmetrical and closed circle of 
Willis occurs in only 28% of people. In addition, 
arterial hypertension as an adaptive reaction 
of the body in patients with cerebrovascular 
insufficiency occurs only in 20-30% of cases,40 
due to the lack of a linear relationship between 
the level of systemic blood pressure (SBP) and 
CBF due to the phenomenon of autoregulation. By 
studying the dependence of cerebral oxygenation 
on cerebral perfusion pressure (CPP), a two-
phase nature was revealed. When CPP<70mmHg 
the relationship between it and oxygen saturation 
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in the jugular vein bulb is linear. This implies the 
advisability of maintaining cerebral blood flow 
above the threshold level by stabilizing SBP. For 
this purpose, in 1997 Dirden N.M. recommended 
inotropic support with norepinephrine and 
phenylephrine, due to the ability of these drugs 
to increase SBP without adverse effects on 
intracranial pressure (ICP).41

	 Intraoperative protection of the brain 
during temporary occlusion of the internal 
carotid artery remains a serious aesthetic 
problem, the solution of which largely determines 
the success of the operation. The Novosibirsk 
Research Institute of Circulatory Pathology has 
accumulated extensive experience in the use 
of hypothermia in cardiac surgery; it has been 
proven that moderate hypothermia creates a 
significantly more favourable effect, since it 
does not carry side effects associated with 
hypothermia itself.41,42

The decrease in oxygen consumption by 
brain tissue at 32°C, according to various authors, 
is 45+5%.43 Studying the effect of temperature 
on CBF during artificial circulation, by collecting 
blood from the radial artery and the bulb of the 
internal jugular vein (IJV) we came to concluded 
that a decrease in temperature from 37 to 27°C 
led to a 64% decrease in brain O2 consumption. 
The reduction in oxygen consumption rate (CMR) 
with a decrease in temperature from 37 to 27°C 
ranges from 50 to 80%.44 Along with a decrease 
in oxygen consumption in the brain, there is a 
decrease in CBF by 5–7% upon cooling by 1°C.45

According to modern concepts, hypothermia 
also increases the latent period of anoxic 
depolarization, which reduces both the 
release and excitotoxic effect of excitatory 
neurotransmitters (glutamate, aspartate, and 
glycine).46,47,48

Experimental evidence suggests that 
hypothermia may be the most potent technique 
for providing cerebral protection,49 but 
hypothermia administered after ischemia only 
delays neuronal death.	

In summary, it can be stated that the attempt 
to protect the brain with local hypothermia 
(covering the head with ice during surgery), which 
appeared in the 80s of the last centuries, did not 
become widespread. In 2004, a dissertation for 
the academic degree of Candidate of Medical 
Sciences was defended in Novosibirsk. The 
author points out in the conclusions that 
craniocerebral cooling reaching a temperature 
in the nasopharynx of 33-34°C in patients 
with unilateral and bilateral hemodynamically 
significant atherosclerotic lesions of the carotid 
arteries under conditions of multicomponent 
general anaesthesia makes it possible to safely 
perform long-term (up to 60 minutes or more) 
surgical reconstruction of the internal carotid 
arteries. However, the same conclusions indicate 

that surgical intervention on the carotid arteries 
under anaesthetic conditions, including the 
use of a halogen-containing anaesthetic, like 
phthorothane up to 1 vol%, sodium thiopental 
4-5 mg/kg, ataralgesia and craniocerebral 
hypothermia is characterized by reliable anti-
ischemic protection of the brain during the 
period of temporary occlusion internal carotid 
artery. However, phthorothan and sodium 
thiopental “protect” the brain from ischemic 
damage, as many researchers point out,50,51,52 
so it is apparently premature to talk about the 
correctness of the conclusions made in the 
dissertation work. In 2005, the results were 
published in a dissertation also for the degree of 
candidate of medical sciences, the author makes 
ambiguous conclusions: “The consequence of 
craniocerebral hypothermia using the external 
cooling method is tension and ineffectiveness 
of compensatory mechanisms in the early post-
hypothermic period”. Although the research work 
is devoted to the protection of the brain during 
operations with artificial circulation, this does not 
change the essence of the conclusions. 

It should be noted that now, in carotid artery 
surgery, the method is practically not used.

To date, two main directions have emerged 
in protecting the brain during clamping of the 
ICA: 1. Surgical (placement of a temporary 
shunt) and 2. Pharmacological protection. If the 
first one remained practically unchanged, only 
the indications for installing a temporary shunt 
were clarified, then the second one is constantly 
developing and expanding.

Surgical part
Temporary cessation of blood flow through 

the carotid artery during carotid endarterectomy 
(CEA) can be prevented by using a temporary 
shunt. Two studies, including 590 patients, 
compared the results of CEA with routine 
bypass and without bypass. Another study of 
131 patients compared the results of CEA using 
a combination of EEG to monitor and measure 
carotid retrograde pressure with isolated 
retrograde pressure measurement to determine 
the need for a temporary shunt.53,54 There was no 
statistically significant difference in the incidence 
of all strokes, ipsilateral strokes, or deaths within 
30 days after surgery between patients who 
routinely used a temporary shunt and those who 
did not, although the study data were limited. 
There was also no significant difference in the 
risk of ipsilateral stroke in patients selected for 
shunting using EEG combined with retrograde 
pressure measurements compared with those in 
the group in which the indication for a temporary 
shunt was determined using retrograde pressure 
measurements alone, although the data were also 
limited.55 There was no statistically significant 
difference in the incidence of all strokes, 
ipsilateral strokes, or deaths within 30 days after 
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surgery in the group of patients with routine use 
of a temporary shunt and the group with complete 
refusal to use it.56 In 2009, the results of studies 
conducted from 2005 to 2007 were published, 
the authors concluded that the routine use of an 
internal shunt is preferable, arguing that cerebral 
ischemia can also be caused by stenosis of the 
contralateral carotid artery.57 In the large ECST 
study, which included 1729 patients, there was 
no statistically significant difference in the risk of 
intraoperative complications associated with the 
use of a temporary shunt, the use of expansion 
patches, intraoperative EEG monitoring, or the 
type of anaesthesia.58

Currently, many researchers are evaluating 
the capabilities of transcranial oximetry in 
assessing cerebral oxygenation.59,60,61,62,63

A decrease in haemoglobin oxygen 
saturation due to an increase in oxygen 
extraction from flowing blood is one of the first 
signs of developing tissue hypoxia and ischemia. 
Using transcranial oximetry during reconstructive 
operations on the carotid arteries, we came 
to the conclusion that this method makes it 
possible to assess in real time the degree of 
cerebral ischemia both during test clamping 
and during the main stage, to make a timely 
decision on additional methods of protecting the 
brain, and after completion of the reconstructive 
stage of the operation, immediately evaluate the 
effectiveness of revascularization.60,61,62

The discussion ended with the Russian 
Clinical Guidelines, which formulated the 
following recommendation: Selective use of a 
temporary shunt. is preferable. To intraoperatively 
determine the indications for the use of a 
temporary shunt, one of the following methods 
should be used: – measurement of retrograde 
pressure in the ICA, – measurement of blood 
flow velocity in the middle cerebral artery (MCA) 
using TCDG monitoring, cerebral oximetry (level 
of evidence B).64

Anaesthesia
Since the mid-1950s, CEA has traditionally 

been performed under general anaesthesia. 
Subsequently, since the 1970s, regional 
anaesthesia (RA) was developed and introduced 
to provide anaesthetic management for patients 
at high surgical risk, which became a real 
alternative for general anaesthesia. Currently, 
the main directions in the choice of anaesthesia 
during operations on the carotid arteries are 
general anaesthesia, regional anaesthesia, as 
well as combined anaesthesia (CA), which is a 
combination of them.65,66,67,68,69 

Research has still not given a clear answer 
to the question - which of the above methods 
has undeniable advantages.70,71,72,73,74 Studies and 
scientific articles indicate both the advantages 
and disadvantages of each method of pain relief 
for CEA.66,71,75,76

Regional or general anaesthesia CEA reduces 
the risk of stroke in people with symptoms of a 
recent stroke and significant carotid stenosis. 
However, there is a significant perioperative 
risk that can be reduced by performing the 
procedure under local (preferred) or general 
anaesthesia. The Cochrane review included 6 
randomized studies totalling 554 operations, 
as well as a non-randomized study with 25.662 
operations,77,78,79,80,81 totalling 554 operations 
and 41 non-randomized studies with 25.662 
operations.82 The methodological quality of 
non-randomized studies is controversial. Eleven 
of these studies were prospective, 29 were 
performed in consecutive series of patients. In 
nine non-randomized studies, the number of 
arteries compared to patients was imprecise. A 
meta-analysis of non-randomized studies found 
that the use of local anaesthesia was associated 
with significant reductions in death (35 studies), 
stroke (31), stroke or death (26), myocardial 
infarction (22), and pulmonary complications 
(7 studies) within 30 days of surgery. A meta-
analysis of randomized trials found that the 
use of local anaesthesia is associated with 
a significant reduction in bleeding within 30 
days after surgery, but there is no evidence of 
a reduction in intraoperative stroke. However, 
the volume of studies was small to draw a clear 
conclusion, and in some studies, the results of 
the analysis obviously supported the chosen 
treatment method, therefore, they are not suitable 
for analysis. The GALA (General Anaesthesia 
vs Local Anaesthesia) study is the largest 
randomized surgical and anaesthesiology trial, 
including 3526 patients treated at 95 centres 
in 24 countries.83 This double-arm, parallel-
group, multicentre randomized controlled trial 
was designed to determine whether type of 
anaesthesia affects perioperative all-cause and 
stroke mortality, short-term quality of life, and 
stroke-free and heart attack-free outcomes at 
one year of follow-up.84

In 2023, the European Community 
summarized the results of a comparison between 
RA and GA,85 noting that there is still controversy 
regarding whether CEA should be performed 
under regional anaesthesia (RA) or general 
anaesthesia (GA). The General Anaesthesia vs 
Local Anaesthesia study (n = 3.526) was the 
largest randomized controlled trial (RCT). There 
was no difference in the perioperative incidence 
of death, stroke or myocardial infarction between 
the GA (4.8%) and RA (4.5%) groups.83 However, 
pooled data from five RCTs showed a reduction 
in the 30-day incidence of stroke/death when 
performing CEA under RA,85 while NIBL (New 
ischemic brain lesion) occurred more often in the 
GA group (17.1% compared with 6. 7%).86

According to the National Surgical Quality 
Improvement Initiative of the American College 
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of Surgeons, RA is associated with shorter 
operative and hospital stays, fewer readmissions, 
fewer cases of postoperative pneumonia, and 
fewer blood transfusions.87,88 However, RA was 
associated with lower patient satisfaction (65% 
versus 93%) and was less likely to be considered 
for future treatment (61% versus 97%).88 In a 
large meta-analysis (25 observational studies, 
six RCTs [n = 152.376]), RA was associated 
with statistically significantly shorter operative 
time, lower perioperative rates of stroke, cardiac 
complications, and lower mortality.89 However, 
the RCT did not find statistically significant 
differences in any endpoint.89 Some authors 
believe that RCTs have lack of sufficient 
statistical power.90

In a systematic review of 69 studies (n = 
10.081), combined deep + superficial cervical 
plexus block was associated with a statistically 
significantly higher complication rate.91

The ESVS recommendations regarding the 
management of RA versus GA are the same 
as those in the SVS guideline and the German-
Austrian guideline, stated as follows: The 
decision regarding the choice of anaesthesia 
(regional or general) in patients undergoing 
carotid endarterectomy should be made at the 
discretion of the surgeon/anaesthesiologist, 
performing the procedure, taking into account 
local experience, patient preferences and 
preferred antiplatelet therapy strategy.92,93

Pharmacological protection of the brain in 
CEA

One of the first works devoted to 
pharmacological protection of the brain, 
apparently, is the work of J. R. Kenyon, A. B. 
Thomas, D. P. Goodwin, published in 1972.94 In a 
consecutive series of thirty-four total operations 
in thirty-one patients hospitalized with stenotic 
lesions of the internal carotid artery, heparin 
(3 mg per kg body weight), administered 
systemically and regionally, was the only method 
of cerebral protection for arterial insufficiency. 
The arrest of blood flow by carotid artery (CA) 
varied from 7 to 30.5 minutes (average 15.3 
minutes). Ten patients (32%) had more than 
one lesion. There were no deaths or immediate 
neurological consequences. Two patients 
experienced transient ischemic attacks 2 and 5 
days after surgery, but they resolved completely 
within 24 hours and were attributed to technical 
reasons.

According to most authors, the use of local 
anaesthetics allows for adequate analgesia in 
carotid surgery: pain relief is provided either by 
tissue infiltration or by blocking the cervical plexus 
along with infusion of small doses of fentanyl 
or droperidol to achieve sedation.95,96,97,98,99 
The main argument of supporters of regional 
anaesthesia during CE is the possibility of direct 
assessment of the functional state of the central 

nervous system and timely diagnosis of brain 
ischemia. When the first signs of neurological 
deficit appear, the generally accepted method 
of preventing irreversible hypoxia of the brain 
remains the use of a shunt.100,101 The relative 
simplicity and low cost of local anaesthesia and 
the ability to selectively use an internal shunt are 
the indisputable advantages of this method of 
pain relief in carotid surgery.

General anaesthesia (GA) increases the 
brain’s tolerance to hypoxia, reducing its oxygen 
demand.102,103 Under anaesthesia, it becomes 
possible to use techniques that potentiate its 
antihypoxic effect during the period of carotid 
reconstruction. For this purpose, phthorothane 
inhalation, artificial hypertension, infusion of 
antihypoxants, hyperoxygenation and their 
combinations are used.

Much work has been devoted to the study 
of hypercapnia as a method of protecting the 
brain, but it has been found that adding 2-5% 
carbon dioxide to an inhaled drug mixture or 
performing temporary hypoventilation can cause 
intracerebral steal.104

The ability of barbiturates to inhibit the 
metabolic processes of the brain, in particular, 
oxygen consumption, is used in carotid surgery: 
thiopental infusion is carried out immediately 
before the occlusion stage or during the entire 
operation; however, the depressive effect of 
barbituric anaesthesia on haemodynamic makes 
it necessary to use this method of protecting the 
brain with caution.

Currently, the main directions in the choice 
of anaesthesia during operations on the carotid 
arteries are general anaesthesia, regional 
anaesthesia, as well as combined anaesthesia 
(CA), which is a combination of them.105 

In clinical practice, depending on the specific 
clinical situation, preferences and capabilities of 
the medical institution, the choice of anaesthesia 
is usually determined collectively by a group 
of specialists (anaesthesiologist, surgeon, 
neurologist, cardiologist) and agreed with the 
patient.106,107  

The share of RA in the overall structure of 
pain management during CEA ranges from 6 to 
74%, in some clinics reaching 99% - such a wide 
range is largely explained by the preferences of 
clinics and their technical equipment.108-110

The studies carried out still have not given a 
clear answer to the question - which of the above 
methods has undeniable advantages.70-74,111

The main advantages of GA are immobility 
of the patient, decreased metabolism of 
brain cells and its protection during ischemia, 
adequate control of airway patency, external 
respiratory function and carbon dioxide 
concentration, reduced reaction to operational 
stress.74,76,112,113 The main disadvantage of GA is 
the inability to control the patient’s neurological 
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status during surgery, which explains the later 
(only after the end of anaesthesia) detection of 
neurological deficits and complications.73 Other 
disadvantages of GA include hemodynamic 
instability (intraoperative hypotension or sharp 
fluctuations in blood pressure; postoperative 
hypertension), and a higher frequency of use of 
a temporary intraluminal shunt.76 

RA does not have many of the problems 
associated with general anaesthesia.114,115

The main advantage of RA is the possibility 
of constant monitoring of the patient’s 
neurological status throughout the operation 
and in the early postoperative period, clinical 
assessment of his cognitive, verbal and motor 
functions, i.e. so-called dynamic neurological 
monitoring.116 In 2016, Lee J. et al. published their 
experience, operating under RA, 5 minutes before 
clamping the ICA, the so-called “awake test” 
was performed, including assessment of the 
patient’s speech, squeezing a rubber ball with the 
contralateral hand and movement of the big toe 
of the contralateral foot; the test was repeated 
immediately after clamping the ICA and then at 
intervals of 5 minutes throughout the entire cross-
clamping period.117 Dynamic neuromonitoring 
makes it possible to assess the preservation of 
higher cortical functions and the adequacy of 
collateral blood flow during clamping of the ICA, 
and in the event of the appearance of neurological 
symptoms, it provides rapid detection of cerebral 
ischemia.64,116  

Another important advantage of RA, 
according to some authors, is the reduction in 
the frequency of using a temporary internal shunt 
(TIS), the use of which can be accompanied by 
cerebral ischemia in approximately 5% of cases. 
The main causes of ischemic complications 
are damage to the intimal ICA by the shunt, 
dissection of the ICA, embolism with fragments 
of atherosclerotic plaque, thromboembolism, 
air embolism, shunt occlusion, and the use of a 
TIS itself can act as a cause of ICA thrombosis 
in the early postoperative period and lead to late 
arterial restenosis.73,118

AbuRahma  A. F. et al., summarizing and 
analyzing the literature in PubMed and Medline 
until 2010, calculated that the routine use of TIS 
during CEA is accompanied by a lower incidence 
of perioperative stroke (1.4%) than when not using 
it during surgery (2%).64,119 Bellosta R. et al. (2006) 
during operations on the ICA using an internal 
shunt in 99.4% of cases noted a complication 
rate of less than 2%.120 Lobo M. et al. found 
that the internal shunt was used significantly 
less frequently in the group of patients with 
RA (n=540, TIS in 3%, p<0.05) compared to the 
cohort of patients operated on for GA (n=197, 
TIS in 14%).109 The frequency of use of TIS during 
operations under RA is much lower and ranges 
from 2.4 to 13%.119,121-123 Other authors, during 

operations under GA, recommend installing TIS 
when the retrograde mean pressure in the ICA is 
below 40 mmHg.124

During operations under RA, the main 
indication for shunt installation is the appearance 
of clinical signs of cerebral ischemia.116,125 
However, patients who develop negative 
neurological symptoms requiring TIS placement 
have an increased risk of perioperative stroke 
and death.124

Among the disadvantages of RA, a number 
of authors point out: lack of brain protection 
during ICA clamping, lack of reliable control over 
airway patency, external respiratory function and 
carbon dioxide concentration, the possibility of 
developing perioperative arterial hypertension, a 
higher level of operational stress, as well as the 
forced position of the patient during surgery.76,112

Indications for RA are: the presence of an 
embologenic plaque in the operated ICA, the 
absence of an ultrasound window for performing 
Transcranial Doppler Ultrasound, severe damage 
to the coronary bed, severe stenosis of the 
aortic and mitral valves, low left ventricular 
ejection fraction, cardiac rhythm and conduction 
disturbances, diseases of the respiratory system, 
patient refusal of general anaesthesia.126 In 
addition, according to Kavakli A. S. et al, they 
believe that RA is most indicated in patients 
with critical contralateral ICA stenosis, when 
it is especially important to assess the need to 
install an internal shunt. In 2016, the results of 
a study were published in which the degree of 
contralateral ICA stenosis in patients operated 
under RA and intolerant to ICA clamping, the 
average degree of artery stenosis was 57.5%. 
Among patients tolerant to ICA clamping, the 
degree of contralateral stenosis was on average 
27.8%.107,121 

Contraindications to RA during operations 
on the carotid arteries are impossibility of verbal 
contact with the patient, patient inadequacy, 
contralateral paresis of the phrenic or recurrent 
nerve, blood coagulation disorders, and patient 
refusal of RA.127 Lee J. et al. indicate that a 
high location of carotid artery stenosis (level 
of the second cervical vertebra) is also a 
contraindication to RA.117,118

According to Brown D.L. (2009), bilateral 
cervical plexus blocks should be avoided, as 
there is a risk of blocking both phrenic nerves.59

It is now generally accepted that in clinical 
practice it is optimal to use multimodal 
neuromonitoring (for example, TDU (Transcranial 
Doppler Ultrasound) + CO (cerebral oximetry) + 
EEG), which reduces the disadvantages of each 
method.125,128 Kolkert J. L. P. et al. in 2017 noted 
that the addition of neuromonitoring modalities 
increases the cost of anaesthesia and, therefore, 
average hospital costs. In the isolated group, 
measurements of retrograde pressure in the ICA 

Analysis of the history of the search for methods of protecting 
the brain during operations on the internal carotid artery



24 ВЕСТНИК ХИРУРГИИ КАЗАХСТАНА   №4   2023

1.	 Pokrovskij A. Klassicheskaja karotidnaja 
jendarterjektomija. Angiologija i sosudistaja 
hirurgija. 2001;7(1):101-104. 

2.	 DE BAKEY ME, CRAWFORD ES, COOLEY 
DA, MORRIS GC. Surgical considerations of 
occlusive disease of innominate, carotid, 
subclavian, and vertebral arteries. Ann Surg. May 
1959;149(5):690-710. doi:10.1097/00000658-
195905000-00010

3.	 DeBakey ME. Successful carotid endarterectomy 
for cerebrovascular insufficiency. Nineteen-year 
follow-up. JAMA. Sep 08 1975;233(10):1083-5. 

4.	 EASTCOTT HH, PICKERING GW, ROB CG. 
Reconstruction of internal carotid artery in a 
patient with intermittent attacks of hemiplegia. 
Lancet. Nov 13 1954;267(6846):994-6. 
doi:10.1016/s0140-6736(54)90544-9

5.	 Barnett HJM, Taylor DW, Haynes RB, et al. 
Beneficial effect of carotid endarterectomy in 
symptomatic patients with high-grade carotid 
stenosis. N Engl J Med. Aug 15 1991;325(7):445-
53. doi:10.1056/NEJM199108153250701

6.	 Barnett HJ, Taylor DW, Eliasziw M, 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. Nov 12 1998;339(20):1415-25. 
doi:10.1056/NEJM199811123392002

7.	 Endarterectomy for asymptomatic carotid 
artery stenosis. Executive Committee for the 
Asymptomatic Carotid Atherosclerosis Study. 
JAMA. May 10 1995;273(18):1421-8. 

8.	 Halliday A, Mansfield A, Marro J, et al. Prevention 
of disabling and fatal strokes by successful 
carotid endarterectomy in patients without recent 
neurological symptoms: randomised controlled 
trial. Lancet. May 08 2004;363(9420):1491-502. 
doi:10.1016/S0140-6736(04)16146-1

9.	 Dalley AF. Thomas Willis 1621-1675. Clin Anat. 
Jan 2002;15(1):2-3. doi:10.1002/ca.1083

10.	 Matas R. I. Testing the Efficiency of the Collateral 
Circulation as a Preliminary to the Occlusion 
of the Great Surgical Arteries. Ann Surg. Jan 
1911;53(1):1-43. doi:10.1097/00000658-

191101000-00001
11.	 Zingerman L. Angiograficheskaja simptomatika 

i nekotorye mehanizmy kompensacii 
okkljuzionnyh porazhenij grudnoj aorty i ee 
vetvej: Avtoref. diss.… d-ra med. nauk. M; 1969.

12.	 Zingerman L, Glosovskaja M, Rabotnikov V. 
Okkljuzionnye porazhenija vetvej dugi aorty po 
dannym klinicheskogo, angiograficheskogo i 
morfologicheskorgo issledovanija. Grudnaja 
hirurgija. 1968;(2):24-29. 

13.	 Moulakakis KG, Mylonas SN, Sfyroeras GS, 
Andrikopoulos V. Hyperperfusion syndrome 
after carotid revascularization. J Vasc 
Surg. Apr 2009;49(4):1060-8. doi:10.1016/j.
jvs.2008.11.026

14.	 Krotenkova MV. Diagnostika ostrogo 
insul’ta: nejrovizualizacionnye algoritmy. 
Gosudarstvennoe uchrezhdenie Nauchnyj centr 
nevrologii; 2011. 

15.	 Bivard A, Levi C, Spratt N, Parsons M. 
Perfusion CT in acute stroke: a comprehensive 
analysis of infarct and penumbra. Radiology. 
May 2013;267(2):543-50. doi:10.1148/
radiol.12120971

16.	 Sergeeva A, Konovalov R, Sergeev D, et al. 
Cerebral perfusion changes in patients 
with internal carotid artery stenoses after 
surgical revascularization. Human Physiology. 
2016;42:891-897. 

17.	 Bobrikova E, Shherban’ N, Haneev V, et al. 
Ocenka sostojanija ateroskleroticheskih 
bljashek brahiocefal’nyh arterij sredstvami 
vysokorazreshajushhej kontrastirovannoj MRT: 
vzaimosvjaz’ s ishemicheskim povrezhdeniem 
golovnogo mozga. Medicinskaja vizualizacija. 
2013;(1):26-32. 

18.	 Bobrikova E. Kontrastirovannaja MR-tomografija 
ateroskleroticheskih bljashek brahiocefal’nyh 
arterij v ocenke riska ishemicheskih povrezhdenij 
golovnogo mozga. Rossijskij jelektronnyj zhurnal 
luchevoj diagnostiki. 2013;3(3):76-84. 

19.	 Strazden’ E, Sharija M, Tararak Je, 
Ustjuzhanin D, Radjuhina N. Ocenka struktury 
ateroskleroticheskoj bljashki metodom 
magnitno-rezonansnoj tomografii s cel’ju 

References

and in the TDU + EEG group increased almost 2 
times.124,126

There are conflicting opinions regarding 
the need for drug sedation of patients during 
CEA under RA. According to Lawrence P. F., drug 
sedation should not be used or used minimally 
when the patient is restless and agitated, since 
there is a need for constant monitoring of the 
patient’s neurological status during surgery 
under RA.115 

Currently, modern medicine has a limited 
range of drugs that in clinical practice can 
prevent ischemic and reperfusion complications. 
When choosing drugs for neuroprotection, it 
would be desirable to use mechanisms that not 
only reduce the intensity of metabolic processes 

in the brain, but also correct cellular neuronal 
hypoxia.129 

Conclusion
Craniocerebral hypothermia, despite its 

long-term study, is currently not widely used. 
Indications for the use of an internal shunt have 
been worked out. Provisions on the choice of 
anaesthesia have been formulated. The effect 
of various drugs in cerebral ischemia has been 
studied. Obviously, there remains a huge direction 
in the surgery of the carotid arteries, namely 
pathological tortuosity, in which the use of an 
internal shunt is not possible, which determines 
the development of pharmacological protection 
of the brain.

Analysis of the history of the search for methods of protecting 
the brain during operations on the internal carotid artery



25BULLETIN OF SURGERY IN KAZAKHSTAN   №4   2023

opredelenija ee stabil’nosti. Regionarnoe 
krovoobrashhenie i mikrocirkuljacija. 
2013;12(1):31-35. 

20.	 Wardlaw JM, Smith EE, Biessels GJ, et al. 
Neuroimaging standards for research into 
small vessel disease and its contribution to 
ageing and neurodegeneration. Lancet Neurol. 
Aug 2013;12(8):822-38. doi:10.1016/S1474-
4422(13)70124-8

21.	 Naylor AR, Ricco JB. Response to «Re: 
Management of Atherosclerotic Carotid and 
Vertebral Artery Disease: 2017 Clinical Practice 
Guidelines of the European Society for Vascular 
Surgery (ESVS)». Eur J Vasc Endovasc Surg. Jun 
2018;55(6):902. doi:10.1016/j.ejvs.2018.03.023

22.	 Meshalkin E, Vereshhagin I. Okkljuzii v uslovijah 
neglubokoj gipotermicheskoj zashhity. 1985;

23.	 Petrovskij B, Chazov E, Andreev S. Aktual’nye 
problemy gemostaziologii. MiNauka, 1979-198 
s. 1981;

24.	 Plam F, Pozner DB. Diagnostika stupora i komy. 
M: Medicina. 1986:79. 

25.	 Hochachka P, Lashkevich JuI. Strategija 
biohimicheskoj adaptacii: per. s angl. Mir; 1977.

26.	 Labori G. Metabolicheskie i farmakologicheskie 
osnovy nejrofiziologii. M: Medicina. 1974;15

27.	 Gruzman A, Hapij H. Uglevodnyj obmen v 
golovnom mozge pri komatoznyh sostojanijah. 
Mehanizmy gljukoneogeneza. Mehanizmy 
gljukoneogeneza Anest i reanimatol. 1991;3:17-
21. 

28.	 Gusev EI, Skvorcova VI. Ishemija golovnogo 
mozga. Medicina; 2001.

29.	 Brouns R, De Deyn PP. The complexity 
of neurobiological processes in acute 
ischemic stroke. Clin Neurol Neurosurg. 
Jul 2009;111(6):483-95. doi:10.1016/j.
clineuro.2009.04.001

30.	 Zivin JA. Factors determining the therapeutic 
window for stroke. Neurology. Mar 
1998;50(3):599-603. doi:10.1212/wnl.50.3.599

31.	 Hossmann KA. Viability thresholds and the 
penumbra of focal ischemia. Ann Neurol. Oct 
1994;36(4):557-65. doi:10.1002/ana.410360404

32.	 Obrenovitch TP. The ischaemic penumbra: 
twenty years on. Cerebrovasc Brain Metab Rev. 
1995;7(4):297-323. 

33.	 Astrup J, Siesjö BK, Symon L. Thresholds in 
cerebral ischemia - the ischemic penumbra. 
Stroke. 1981;12(6):723-5. doi:10.1161/01.
str.12.6.723

34.	 Furlan M, Marchal G, Viader F, Derlon JM, 
Baron JC. Spontaneous neurological recovery 
after stroke and the fate of the ischemic 
penumbra. Ann Neurol. Aug 1996;40(2):216-26. 
doi:10.1002/ana.410400213

35.	 Fisher M, Garcia JH. Evolving stroke and 
the ischemic penumbra. Neurology. Oct 
1996;47(4):884-8. doi:10.1212/wnl.47.4.884

36.	 Moskowitz MA, Lo EH, Iadecola C. The science 
of stroke: mechanisms in search of treatments. 
Neuron. Jul 29 2010;67(2):181-98. doi:10.1016/j.
neuron.2010.07.002

37.	 Brainin M, Heiss W-D. Textbook of stroke 
medicine. Cambridge University Press; 2019.

38.	 Fedin A. Sovremennaja koncepcija patogeneza i 

lechenija ostroj ishemii mozga. 2001:5-23.
39.	 Guyton AC. Text book of medical physiology. 

China; 2006.
40.	 Grozovskij Ju, Sultanov D, Stranin V, et al. 

Regionarnyj mozgovoj krovotok u bol’nyh s 
odnostoronnim porazheniem bifurkacii sonnoj 
arterii. Hirurgija. 1985;5:54-59. 

41.	 Dirden N. Ispol’zovanie monitoringa saturacii 
kisloroda v lukovice jaremnoj veny. Aktual’nye 
problemy anesteziologi i reanimatologii 
Osvezhajushhij kurs lekcij. 1997:154-159. 

42.	 Litasova E, Lomivorotov V, Postnov 
V. Besperfuzionnaja uglublennaja 
gipotermicheskaja zashhita. Novosibirsk: 
Nauka; 1988.

43.	 Karas’kov A. Gipotermija v hirurgii otkrytogo 
serdca. Novosibirsk; 1999.

44.	 Bunjatjan A, Seleznev M, Sablin I, Pozharnov A. 
Anestezija i zashhita mozga pri rekonstruktivnyh 
operacijah na brahiocefal’nyh arterijah. 
Anesteziologija i reanimatologija. 1993;(3):3-6. 

45.	 Croughwell N, Smith LR, Quill T, et al. The effect of 
temperature on cerebral metabolism and blood 
flow in adults during cardiopulmonary bypass. J 
Thorac Cardiovasc Surg. Mar 1992;103(3):549-
54. 

46.	 Hartung J, Cottrell JE. Mild hypothermia and 
cerebral metabolism. J Neurosurg Anesthesiol. 
Jan 1994;6(1):1-3. 

47.	 van der Linden J. Cerebral hemodynamics after 
low-flow versus no-flow procedures. Ann Thorac 
Surg. May 1995;59(5):1321-5. doi:10.1016/0003-
4975(95)00173-i

48.	 Ginsberg MD, Sternau LL, Globus MY, Dietrich 
WD, Busto R. Therapeutic modulation of brain 
temperature: relevance to ischemic brain injury. 
Cerebrovasc Brain Metab Rev. 1992;4(3):189-
225. 

49.	 Wass CT, Lanier WL. Hypothermia-associated 
protection from ischemic brain injury: 
implications for patient management. 
Int Anesthesiol Clin. 1996;34(4):95-111. 
doi:10.1097/00004311-199603440-00008

50.	 Dietrich WD, Busto R, Alonso O, Globus MY, 
Ginsberg MD. Intraischemic but not postischemic 
brain hypothermia protects chronically following 
global forebrain ischemia in rats. J Cereb Blood 
Flow Metab. Jul 1993;13(4):541-9. doi:10.1038/
jcbfm.1993.71

51.	 Derjagin MN. Kraniocerebral’naja gipotermija 
v hirurgii sonnyh arterij. Diss kand med nauk, 
Novosibirsk. 2004;

52.	 Kazanchjan P, Skrylev S, Matjushov Ju, Rudakova 
T. Hirurgicheskoe lechenie okkljuzirujushhih 
porazhenij podkljuchichnyh arterij. Hirurgija. 
1994;(7):8. 

53.	 Werz MA, Macdonald RL. Barbiturates decrease 
voltage-dependent calcium conductance of 
mouse neurons in dissociated cell culture. Mol 
Pharmacol. Sep 1985;28(3):269-77. 

54.	 Svetlova NJu. Sravnitel’naja harakteristika 
metodov zashhity mozga pri hirurgicheskoj 
korrekcii patologii koronarnyh arterij. [NC 
serdech.-sosudistoj hirurgii im. AN Bakuleva 
RAMN] M.; 2004. 

55.	 Sandmann W, Kolvenbach R, Willeke F. Risks and 

Analysis of the history of the search for methods of protecting 
the brain during operations on the internal carotid artery



26 ВЕСТНИК ХИРУРГИИ КАЗАХСТАНА   №4   2023

benefits of shunting in carotid endarterectomy. 
Stroke. 1993;24(7):1098-1099. 

56.	 Gumerlock MK, Neuwelt EA. Carotid 
endarterectomy: to shunt or not to shunt. Stroke. 
Dec 1988;19(12):1485-90. doi:10.1161/01.
str.19.12.1485

57.	 Beeching NJ, Fletcher TE, Beadsworth 
MBJ. Covid-19: testing times. BMJ. Apr 08 
2020;369:m1403. doi:10.1136/bmj.m1403

58.	 Bond R, Rerkasem K, Naylor AR, Aburahma AF, 
Rothwell PM. Systematic review of randomized 
controlled trials of patch angioplasty versus 
primary closure and different types of patch 
materials during carotid endarterectomy. J Vasc 
Surg. Dec 2004;40(6):1126-35. doi:10.1016/j.
jvs.2004.08.048

59.	 Tan TW, Garcia-Toca M, Marcaccio EJ, Carney 
WI, Machan JT, Slaiby JM. Predictors of shunt 
during carotid endarterectomy with routine 
electroencephalography monitoring. J Vasc 
Surg. Jun 2009;49(6):1374-8. doi:10.1016/j.
jvs.2009.02.206

60.	 Bond R, Warlow C, Naylor A, Rothwell P. 
Variation in surgical and anaesthetic technique 
and associations with operative risk in the 
European carotid surgery trial: implications 
for trials of ancillary techniques. European 
journal of vascular and endovascular surgery. 
2002;23(2):117-126. 

61.	 Lubnin A, Shmigel’skij A, Ostrovskij A. Cerebral’nyj 
oksimetr INVOS-3100. Anest i reanimatol. 
1995;(4):68. 

62.	 Karavaev B, Gavrilenko A, Zolicheva N, Skrylev 
M. Seljutin. Perioperacionnajagdiagnostika 
cerebral’noj ishemii pri rekonstruktivnyh 
operacijah na sonnyh arterijah. Anesteziologija i 
reanimatologija. 1999;(5):71-71. 

63.	 Lebedeva R, Gavrilenko A, Karavaev B, Skrylev 
S. Intraoperacionnaja diagnostika cerebral’noj 
ishemii pri rekonstruktivnyh operacijah na 
sonnyh arterijah metodom transkranial’noj 
oksimetrii. Angiologija i sosudistaja hirurgija. 
1999;5(4):41-46. 

64.	 Shmigel’skij A, Lubnin A, Sazonova O. 
Cerebral’naja oksimetrija u nejrohirurgicheskih 
bol’nyh s sosudistoj patologiej golovnogo 
mozga. Anesteziologija i reanimatologija. 
2000;(4):19-24. 

65.	 Gavrilenko A, Karavaev B, Bondarenko A, 
Skrylev S, Zolicheva N, Voronov D. Cerebral’naja 
oksimetrija i karotidnaja jendarterjektomija: 
kontrol’ urovnja oksigenacii golovnogo mozga 
v period operativnogo vmeshatel’stva i ocenka 
ego jeffektivnosti. Angiol i sosud hir. 2002;1:67-
71. 

66.	 Bokerija LA, Pokrovskij AV, Sokurenko G, et 
al. Nacional’nye rekomendacii po vedeniju 
pacientov s zabolevanijami brahiocefal’nyh 
arterij. 2013;

67.	 Koköfer A, Nawratil J, Opperer M. [Regional 
anesthesia for carotid surgery : An overview 
of anatomy, techniques and their clinical 
relevance]. Anaesthesist. Apr 2017;66(4):283-
290. doi:10.1007/s00101-017-0270-z

68.	 Kfoury E, Dort J, Trickey A, et al. Carotid 
endarterectomy under local and/or regional 

anesthesia has less risk of myocardial infarction 
compared to general anesthesia: An analysis of 
national surgical quality improvement program 
database. Vascular. Apr 2015;23(2):113-9. 
doi:10.1177/1708538114537489

69.	 Youngberg JA. Pro: regional anesthesia is 
preferable to general anesthesia for carotid 
artery surgery. J Cardiothorac Anesth. Oct 
1987;1(5):479-82. doi:10.1016/s0888-
6296(87)97274-7

70.	 Rich NM, Hobson RW. Carotid endarterectomy 
under regional anesthesia. Am Surg. Apr 
1975;41(4):253-9. 

71.	 Hobson RW, Wright CB, Sublett JW, Fedde CW, 
Rich NM. Carotid artery back pressure and 
endarterectomy under regional anesthesia. 
Arch Surg. Nov 1974;109(5):682-7. doi:10.1001/
archsurg.1974.01360050076017

72.	 Cedergreen P, Swiatek F, Nielsen HB. Local 
anaesthesia for carotid endarterectomy: 
Pro: protect the brain. Eur J Anaesthesiol. 
Apr 2016;33(4):236-7. doi:10.1097/
EJA.0000000000000370

73.	 Licker M. Regional or general anaesthesia 
for carotid endarterectomy: Does it matter? 
Eur J Anaesthesiol. Apr 2016;33(4):241-3. 
doi:10.1097/EJA.0000000000000376

74.	 Leichtle SW, Mouawad NJ, Welch K, Lampman 
R, Whitehouse WM, Heidenreich M. Outcomes 
of carotid endarterectomy under general and 
regional anesthesia from the American College of 
Surgeons’ National Surgical Quality Improvement 
Program. J Vasc Surg. Jul 2012;56(1):81-8.e3. 
doi:10.1016/j.jvs.2012.01.005

75.	 Unic-Stojanovic D, Babic S, Neskovic V. 
General versus regional anesthesia for carotid 
endarterectomy. J Cardiothorac Vasc Anesth. 
Dec 2013;27(6):1379-83. doi:10.1053/j.
jvca.2012.09.021

76.	 Guay J. Regional or general anesthesia for 
carotid endarterectomy? Evidence from 
published prospective and retrospective studies. 
J Cardiothorac Vasc Anesth. Feb 2007;21(1):127-
32. doi:10.1053/j.jvca.2006.07.022

77.	 Ciccozzi A, Angeletti C, Guetti C, et al. Regional 
anaesthesia techniques for carotid surgery: the 
state of art. J Ultrasound. Sep 2014;17(3):175-
83. doi:10.1007/s40477-014-0094-5

78.	 Ladak N, Thompson J. General or local 
anaesthesia for carotid endarterectomy? 
Continuing Education in Anaesthesia, Critical 
Care & Pain. 2012;12(2):92-96. 

79.	 Forssell C, Takolander R, Bergqvist D, Johansson 
A, Persson NH. Local versus general anaesthesia 
in carotid surgery. A prospective, randomised 
study. Eur J Vasc Surg. Dec 1989;3(6):503-9. 
doi:10.1016/s0950-821x(89)80124-0

80.	 McCarthy RJ, Nasr MK, McAteer P, Horrocks 
M. Physiological advantages of cerebral blood 
flow during carotid endarterectomy under local 
anaesthesia. A randomised clinical trial. Eur J 
Vasc Endovasc Surg. Sep 2002;24(3):215-21. 
doi:10.1053/ejvs.2002.1715

81.	 McCleary AJ, Maritati G, Gough MJ. Carotid 
endarterectomy; local or general anaesthesia? 
Eur J Vasc Endovasc Surg. Jul 2001;22(1):1-12. 

Analysis of the history of the search for methods of protecting 
the brain during operations on the internal carotid artery



27BULLETIN OF SURGERY IN KAZAKHSTAN   №4   2023

doi:10.1053/ejvs.2001.1382
82.	 Pluskwa F, Bonnet F, Abhay K, et al. BLOOD-

PRESSURE PROFILES DURING CAROTID 
E N D A R T E R E C T O M Y - C O M P A R I N G 
FLUNITRAZEPAM FENTANYL NITROUS-OXIDE 
WITH EPIDURAL-ANESTHESIA. EDITIONS 
SCIENTIFIQUES ELSEVIER 141 RUE JAVEL, 
75747 PARIS CEDEX 15, FRANCE; 1989:26-32.

83.	 Sbarigia E, DarioVizza C, Antonini M, et al. 
Locoregional versus general anesthesia 
in carotid surgery: is there an impact on 
perioperative myocardial ischemia? Results of 
a prospective monocentric randomized trial. J 
Vasc Surg. Jul 1999;30(1):131-8. doi:10.1016/
s0741-5214(99)70185-0

84.	 Rerkasem K, Bond R, Rothwell PM. Local 
versus general anaesthesia for carotid 
endarterectomy. Cochrane Database Syst Rev. 
2004;(2):CD000126. doi:10.1002/14651858.
CD000126.pub2

85.	 Gough MJ, Bodenham A, Horrocks M, et al. 
GALA: an international multicentre randomised 
trial comparing general anaesthesia versus local 
anaesthesia for carotid surgery. Trials. May 21 
2008;9:28. doi:10.1186/1745-6215-9-28

86.	 Naylor R, Rantner B, Ancetti S, et al. Editor’s 
Choice - European Society for Vascular Surgery 
(ESVS) 2023 Clinical Practice Guidelines on the 
Management of Atherosclerotic Carotid and 
Vertebral Artery Disease. Eur J Vasc Endovasc 
Surg. Jan 2023;65(1):7-111. doi:10.1016/j.
ejvs.2022.04.011

87.	 Knappich C, Kuehnl A, Haller B, et al. Associations 
of Perioperative Variables With the 30-Day Risk 
of Stroke or Death in Carotid Endarterectomy 
for Symptomatic Carotid Stenosis. Stroke. 
Dec 2019;50(12):3439-3448. doi:10.1161/
STROKEAHA.119.026320

88.	 Orlický M, Hrbáč T, Sameš M, et al. Anesthesia 
type determines risk of cerebral infarction 
after carotid endarterectomy. J Vasc Surg. 
Jul 2019;70(1):138-147. doi:10.1016/j.
jvs.2018.10.066

89.	 Malik OS, Brovman EY, Urman RD. The Use 
of Regional or Local Anesthesia for Carotid 
Endarterectomies May Reduce Blood Loss and 
Pulmonary Complications. J Cardiothorac Vasc 
Anesth. Apr 2019;33(4):935-942. doi:10.1053/j.
jvca.2018.08.195

90.	 Pandit JJ, Satya-Krishna R, Gration P. 
Superficial or deep cervical plexus block 
for carotid endarterectomy: a systematic 
review of complications. Br J Anaesth. Aug 
2007;99(2):159-69. doi:10.1093/bja/aem160

91.	 Grieff AN, Dombrovskiy V, Beckerman W, et al. 
Anesthesia Type is Associated with Decreased 
Cranial Nerve Injury in Carotid Endarterectomy. 
Ann Vasc Surg. Jan 2021;70:318-325. 
doi:10.1016/j.avsg.2019.12.033

92.	 Harky A, Chan JSK, Kot TKM, et al. General 
Anesthesia Versus Local Anesthesia in Carotid 
Endarterectomy: A Systematic Review and 
Meta-Analysis. J Cardiothorac Vasc Anesth. 
Jan 2020;34(1):219-234. doi:10.1053/j.
jvca.2019.03.029

93.	 Hajibandeh S, Antoniou SA, Torella F, Antoniou 

GA. Meta-analysis and trial sequential 
analysis of local vs. general anaesthesia 
for carotid endarterectomy. Anaesthesia. 
Oct 2018;73(10):1280-1289. doi:10.1111/
anae.14320

94.	 Eckstein H, Kühnl A, Berkefeld J, et al. S3-Leitlinie 
zur Diagnostik, Therapie und Nachsorge der 
extracraniellen Carotisstenose. Gefässchirurgie. 
2012;17(6):495-496. 

95.	 AbuRahma AF, Avgerinos ED, Chang RW, et al. 
Society for Vascular Surgery clinical practice 
guidelines for management of extracranial 
cerebrovascular disease. Journal of vascular 
surgery. 2022;75(1):4S-22S. 

96.	 Kenyon JR, Thomas AB, Goodwin DP. Heparin 
protection for the brain during carotid-artery 
reconstruction. Lancet. Jul 22 1972;2(7769):153-
4. doi:10.1016/s0140-6736(72)91327-x

97.	 Sano T, Drummond JC, Patel PM, Grafe MR, 
Watson JC, Cole DJ. A comparison of the 
cerebral protective effects of isoflurane and 
mild hypothermia in a model of incomplete 
forebrain ischemia in the rat. Anesthesiology. 
Feb 1992;76(2):221-8. doi:10.1097/00000542-
199202000-00011

98.	 Scheller MS, Nakakimura K, Fleischer JE, Zornow 
MH. Cerebral effects of sevoflurane in the dog: 
comparison with isoflurane and enflurane. Br J 
Anaesth. Sep 1990;65(3):388-92. doi:10.1093/
bja/65.3.388

99.	 Vandesteene A, Trempont V, Engelman E, et al. 
Effect of propofol on cerebral blood flow and 
metabolism in man. Anaesthesia. Mar 1988;43 
Suppl:42-3. doi:10.1111/j.1365-2044.1988.
tb09067.x

100.	Werner C, Kochs E, Bause H, Hoffman WE, Schulte 
am Esch J. Effects of sufentanil on cerebral 
hemodynamics and intracranial pressure in 
patients with brain injury. Anesthesiology. Oct 
1995;83(4):721-6. doi:10.1097/00000542-
199510000-00011

101.	Wilhelm W, Schlaich N, Harrer J, Kleinschmidt S, 
Müller M, Larsen R. Recovery and neurological 
examination after remifentanil-desflurane or 
fentanyl-desflurane anaesthesia for carotid 
artery surgery. Br J Anaesth. Jan 2001;86(1):44-
9. doi:10.1093/bja/86.1.44

102.	BAKAY L, SWEET WH. Cervical and intracranial 
intra-arterial pressures with and without 
vascular occlusion. Surg Gynecol Obstet. Jul 
1952;95(1):67-75. 

103.	BAKAY L, SWEET WH. Intra-arterial pressures 
in the neck and brain; late changes after carotid 
closure, acute measurements after vertebral 
closure. J Neurosurg. Jul 1953;10(4):353-9. 
doi:10.3171/jns.1953.10.4.0353

104.	Bujanovskij V. Diagnostika i hirurgicheskoe 
lechenie okkljuzirujushhih porazhenij 
brahiocefal’nyh sosudov. M; 1992.

105.	Chou EL, Sgroi MD, Chen SL, Kuo IJ, Kabutey 
NK, Fujitani RM. Influence of gender and use of 
regional anesthesia on carotid endarterectomy 
outcomes. J Vasc Surg. Jul 2016;64(1):9-14. 
doi:10.1016/j.jvs.2016.03.406

106.	Kraĭnik VM, Kozlov SP, Deshko IV, Gavrilenko 
AV, Kuklin AV. [Combined anaesthesia in 

Analysis of the history of the search for methods of protecting 
the brain during operations on the internal carotid artery



28 ВЕСТНИК ХИРУРГИИ КАЗАХСТАНА   №4   2023

reconstructive operations on carotid arteries]. 
Angiol Sosud Khir. 2014;20(2):111-7. 

107.	Kavaklı AS, Ayoğlu RU, Öztürk NK, et al. 
Simultaneous Bilateral Carotid Endarterectomy 
under Cervical Plexus Blockade. Turk J 
Anaesthesiol Reanim. Oct 2015;43(5):367-70. 
doi:10.5152/TJAR.2015.87369

108.	Gabriel RA, Lemay A, Beutler SS, Dutton RP, 
Urman RD. Practice Variations in Anesthesia 
for Carotid Endarterectomies and Associated 
Outcomes. J Cardiothorac Vasc Anesth. Jan 
2016;30(1):23-9. doi:10.1053/j.jvca.2015.06.014

109.	Liu J, Martinez-Wilson H, Neuman MD, 
Elkassabany N, Ochroch EA. Outcome of Carotid 
Endarterectomy after Regional Anesthesia 
versus General Anesthesia - A Retrospective 
Study Using Two Independent Databases. Transl 
Perioper Pain Med. 2014;1(2):14-21. 

110.	Hussain AS, Mullard A, Oppat WF, Nolan KD. 
Increased resource utilization and overall 
morbidity are associated with general versus 
regional anesthesia for carotid endarterectomy 
in data collected by the Michigan Surgical Quality 
Collaborative. J Vasc Surg. Sep 2017;66(3):802-
809. doi:10.1016/j.jvs.2017.01.060

111.	Lobo M, Mourão J, Afonso G. Carotid 
endarterectomy: review of 10 years of practice 
of general and locoregional anesthesia in 
a tertiary care hospital in Portugal. Braz J 
Anesthesiol. 2015;65(4):249-54. doi:10.1016/j.
bjane.2014.03.011

112.	Pasin L, Nardelli P, Landoni G, et al. Examination of 
regional anesthesia for carotid endarterectomy. 
J Vasc Surg. Sep 2015;62(3):631-4.e1. 
doi:10.1016/j.jvs.2015.03.074

113.	Dudanov IP, Sokurenko G, Erofeev A, Kitachjov 
K, Jurchenko D, Hubulava G. Hirurgicheskoe 
lechenie stenozov sonnyh arterij. Medicinskij 
akademicheskij zhurnal. 2010;10(3):37-44. 

114.	McCulloch TJ, Thompson CL, Turner MJ. A 
randomized crossover comparison of the 
effects of propofol and sevoflurane on cerebral 
hemodynamics during carotid endarterectomy. 
Anesthesiology. Jan 2007;106(1):56-64. 
doi:10.1097/00000542-200701000-00012

115.	Lawrence PF, Alves JC, Jicha D, Bhirangi K, 
Dobrin PB. Incidence, timing, and causes of 
cerebral ischemia during carotid endarterectomy 
with regional anesthesia. J Vasc Surg. 
Feb 1998;27(2):329-34; discussion 335-7. 
doi:10.1016/s0741-5214(98)70363-5

116.	Hoefer J, Pierer E, Rantner B, et al. Ultrasound-
guided regional anesthesia for carotid 
endarterectomy induces early hemodynamic 
and stress hormone changes. J Vasc Surg. Jul 
2015;62(1):57-67. doi:10.1016/j.jvs.2015.02.036

117.	Gassner M, Bauman Z, Parish S, Koenig C, Martin 
J, Hans S. Hemodynamic changes in patients 

undergoing carotid endarterectomy under 
cervical block and general anesthesia. Ann Vasc 
Surg. Oct 2014;28(7):1680-5. doi:10.1016/j.
avsg.2014.03.029

118.	Lee J, Huh U, Song S, Chung SW, Sung SM, Cho 
HJ. Regional Anesthesia with Dexmedetomidine 
Infusion: A Feasible Method for the Awake Test 
during Carotid Endarterectomy. Ann Vasc Dis. 
2016;9(4):295-299. doi:10.3400/avd.oa.16-
00049

119.	Aburahma AF, Mousa AY, Stone PA. Shunting 
during carotid endarterectomy. J Vasc Surg. 
Nov 2011;54(5):1502-10. doi:10.1016/j.
jvs.2011.06.020

120.	WC K. Indications, surgical technique, and 
results for repair of extracranial occlusive 
lesions. Vascular surgery. 2005:1974-2006. 

121.	Bellosta R, Luzzani L, Carugati C, Talarico 
M, Sarcina A. Routine shunting is a safe and 
reliable method of cerebral protection during 
carotid endarterectomy. Ann Vasc Surg. Jul 
2006;20(4):482-7. doi:10.1007/s10016-006-
9037-8

122.	Dellaretti M, de Vasconcelos LT, Dourado 
J, de Souza RF, Fontoura RR, de Sousa 
AA. Locoregional Anesthesia for Carotid 
Endarterectomy: Identification of Patients 
with Intolerance to Cross-Clamping. World 
Neurosurg. Mar 2016;87:61-4. doi:10.1016/j.
wneu.2015.11.097

123.	Leblanc I, Chterev V, Rekik M, et al. Safety and 
efficiency of ultrasound-guided intermediate 
cervical plexus block for carotid surgery. 
Anaesth Crit Care Pain Med. Apr 2016;35(2):109-
14. doi:10.1016/j.accpm.2015.08.004

124.	Mendonça CT, Fortunato JA, Carvalho CA, 
et al. Carotid endarterectomy in awake 
patients: safety, tolerability and results. Rev 
Bras Cir Cardiovasc. 2014;29(4):574-80. 
doi:10.5935/1678-9741.20140053

125.	Shmigel’skiĭ AV, Lubnin AIu. [Anesthesia during 
carotid endaterectomy]. Anesteziol Reanimatol. 
2008;(2):47-57. 

126.	Kolkert JLP, Groenwold RHH, Leijdekkers VJ, Ter 
Haar J, Zeebregts CJ, Vahl A. Cost-Effectiveness 
of Two Decision Strategies for Shunt Use During 
Carotid Endarterectomy. World J Surg. Nov 
2017;41(11):2959-2967. doi:10.1007/s00268-
017-4085-5

127.	Vaniyapong T, Chongruksut W, Rerkasem 
K. Local versus general anaesthesia for 
carotid endarterectomy. Cochrane Database 
Syst Rev. Dec 19 2013;(12):CD000126. 
doi:10.1002/14651858.CD000126.pub4

128.	Majer G. Perifericheskaja regionarnaja 
anestezija. 2010;

129.	Braun D. Atlas regionarnoj anestezii. 2009;

Analysis of the history of the search for methods of protecting 
the brain during operations on the internal carotid artery


