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Abstract

This literature review shows the essence of the problem of extracranial carotid artery stenosis,
since this disease is a treatable cause of ischemic stroke and can be reliably detected and assessed by
using vascular ultrasound. In Kazakhstan, due to acute disorders of cerebral circulation, 11.7 thousand
patients die every year. The reliability of the information in the article was obtained by using the literature
data of the last 10 years. The reflection of the criteria for diagnosing stenosis of the extracranial carotid
artery, the use of which, in conjunction with standard tests and other sensitive methods, makes it
possible to determine the lesion of the extracranial carotid artery at an early stage, as well as a detailed
description of diagnostic methods of this complication and evaluation of their effectiveness. Screening
for carotid stenosis is important, and whether routine carotid ultrasound is recommended in general
population for the prevention of ischemic stroke remains controversial. Screening for carotid stenosis
by ultrasound is crucial not only for the daily clinical setting, but also for the management of patients

with acute ischemic stroke.

YIiKbl apTepusCbIHbIH, 3KCTPaKpaHUabgbl CTeHO3bl 6ap HayKacTapFra

CKPUHUHT XXYPri3y MLLeMUSANbIK, MHCYNbTTbl angblH anyaa TUiMai me?
oaebuer wonybl

https://doi.org/10.35805/BSK2023/004
Saduakas A.Y.
orcid.org/0000-0002-1640-8014
Shamshiyev A.S.
orcid.org/0000-0007-5868-057X
Kurakbayev K.K.
orcid.org/0000-0002-8117-6846
Tajibayev TK.
orcid.org/0000-0002-9007-063X
Baubekov A.A.
orcid.org/0000-0001-7197-4871
Matkerimov A.Zh.
orcid.org/0000-0007-8492-2958
Tergeussizov A.S.
orcid.org/0000-0002-5069-4034

Author for correspondence:
Saduakas A. - Vascular Surgeon
JSC “NSCS named after A.N.
Syzganov”, PhD doctoral student,
Almaty, Kazakhstan,

e-mail: saduakas.almas@list.ru

Conflict of interest:
Authors declare no conflict
of interest

Keywords:

Stenosis of the carotid artery,
extracranial carotid artery,
ischemic stroke, acute disorders
of cerebral circulation, diagnosis
of stenosis of the extracranial
carotid artery.

Capyakac A.E."2, LLlamwumes A.C.", KypakbaeB K.K.2, MaTtkepumoB A.XK.",
Tepreycusos A.C.", lemeyoB T.H.", XaHun M.", XKaky6aeB M.A.", bay6ekoB A.A.},
TapxubaeB T.K.3, Makkamos P.0.", EpkuH6aeB H.H.'

T«A. H. Cbi3FaHOB aTbliHAafFbl YATTbIK Fbl/IbIMU XUPYPrusa opTanbifbl» AK,
Anmartbl K., KazakcTaH,

2K ACXKM» KazakcTaH MeauumHa yHnBepcuTeTi, Anmartbl K., KasakcTaH,
3«Private Clinic Almaty» xanbikapanbik, MeguLMHanbiK OpTanbifbl,
Anmartbl K., KazakcTaH

Ty)XbIpbIM

Byn a[e6MeTTIiK Loy VKbl apTepusiCbiHbIH 3KCTpakpaHuasbbl CTEHO3bl MACENECiHIH MaHIH
KepceTesi, MTKeHi 6y aypy ULLEMUANBIK UHCYIbTTIiH eMAeNeTiH ceb6ebi 60/1bin Tabbliasbl XXoHe KaH
TaMbIp/apbiHbIH, YAbTPaAbl6bICTbIK KOMEriMeH CeHiMAI TypAe aHbIKTasybl XaHe 6aranaHybl MYMKIH.
KasakcTaHga My KaH aviHa ibIMbIHbIH XXeAen 6y3bliybIHaH XblbiHa 11,1 MbiH HayKac KanTbic 601abl.
Byn makanagarbl aknapatTbiH CeHiMAiniri coHrbl 10 Xbingarbl 94e6MeT fJepeKTepiH naviganaHyMeH,
SKCTpakpaHuasabbl YiKbl apTepuUsiCbiHbIH CTEHO3bIH AUarHOCTUKanay KpUTepuiaepiH KepceTyMeH
TYCiHZipineai, oHbl CTaHAAPTTbI CbIHAKTapPMEH XXaHe 6acKaa ce3iMTas 3epTTey aAicTepiMeH Koi4aHy,
SKCTpakpaHuaibAbl VKbl apTePUACHIHbIH 3aKbIMAaHybIH epTe Ke3eHAe aHbiKTayra MyMKIHAIK 6epeai,
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CTEHO3 COHHOM apTepuu,
9KCTpaKpaHuasbHblii CTEHO3,
AMarHocTy1Ka cTeHo3a COHHOM
apTepuy, NLLIEMUYECKUI UHCYIIBT,
OHMK.

COHpau-aK, oCbl acKbIHyAblH AWarHOCTUKasbIK SA4ICTEPIHIH ernKen-TenKensi cunaTTaMachbl >XoHe
onapAblH TUIMAINIrIH KepceTeai. WIWeMUAIbIK MHCYNbTTIH aaAblH any YLWiH YiKbl apTepusiChbiHbIH
CTEHO3bIHbIH, CKPUHWUHFI XKananbl NOMyasymsaa yabTpaablbbiCTbIK 3epTTey apKblibl XYpridy Aaysbi
Macesne 60/bin Tabblnagbl. Anaiga, XyYPeK KaH TaMbip aypynapblHbiH AaMybiHa Kayin ¢akTopiapbl
6ap HaykacTapAa 6ya AMarHoCTUKabIK LWapaHblH MaHbi3Abliblfbl 6Y/1 MaKaaaza A9e4eHai.

9 chekTHBHO NN NpoBeAeHNe CKPMHUHIA 3KCTPaKpPaHUaNbHbIX

CTEHO30B COHHbIX apTepuun ans NpodunakTUKN ULLIEMUYECKOrO
uHcynbTa? 0630p nNuTepaTypbl

Capyakac A.E."?, LLlamwmes A.C.", Kypakbaes.K.K.2, MatkepumoB A.K.",
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AHHOTayus

0630p MTepaTypbl OTpa)kaeT CyTb MPOo6JIeMbl 9KCTPaKpaHMasbHOro CTEHO3a COHHOM apTepumn
(3CCA), Tak kak gaHHasi NaTosIorus ABASETCA MPUYNHON MLLIEMUYECKOIO MHCY/bTA, B CBOKO OYepeb
OCCA MOXeT HafleXXkHO OB6Hapy)XXeH M oueHeH C nomolybto Y3/ 6paxuouepanbHbix apTepui. B
KasaxcTaHe no npuymnHe oCTpbIX HapyLLeHU MO3roBoro kposoo6patyeHus (OHMK), B rog ymupaet
11,1 TbiCc. naymeHToB. [JOCTOBEPHOCTbL MMOJIyYEHHbIX CBEAEHWUI 06YC/I0B/IEHO MUCO/b30BaHNEM B
cTaTthbe JIMTepaTypHbIX AaHHbIX rocaefHnx 10 net, oTpaxeHunem KputepueB auarHoctuku 9CCA,
MPUMEHEHNE KOTOPbIX B COBOKYMHOCTU CO CTaHAapTHbIMU TecTaMu U APYrUMU YyBCTBUTESIbHbIMU
MeToZamMu [aroT BO3MOXHOCTb OMpPeAensiTh MopaxeHusi Ha paHHeM aTare, a Tak Xe Mogpo6HbIM

orimcaHneM anarHoCTU4eCcKnx MeTognK 4aHHOIo OCJ/IOXXHEHUsA U OLJeHKN nx 3¢d)eKTMBHOCTM.

Introduction

Stroke is a serious disease of global significance
with a high degree of disability and high morbidity. The
main cause of ischemic stroke is thromboembolism
of the internal carotid artery, due to asymptomatic
carotid stenosis >50%. When the plaque reaches 50%
of the carotid artery lumen, it causes hemodynamically
significant carotid stenosis, the treatment and
diagnosis of which is currently at a turning point [2].
However, about 15% of strokes are still secondary to
carotid stenosis, which can potentially be detected
with effective imaging techniques.

According to the World Health Organization
(WHO), 15 million people worldwide suffer from a
stroke every year. Among those, 5 million die, and
another 5 million remain disabled. [3]. At the beginning
of the 21st century, the incidence of stroke in Europe
ranged from 95 to 290 per 100,000 per year, and one-
month mortality rate ranged from 13 to 35%. [5]. Each
year, approximately 795,000 people in the United
States suffer from new (610,000 people) or recurrent
(185,000 people) stroke. Epidemiological studies

show that 82-92% of strokes in the United States are
ischemic [6].

In Kazakhstan, among the diseases of the
cardiovascular system, ischemic heart disease is the
leader, from which 11.3 thousand people die per year
(71.7 per 100 thousand of the population); as well as
due to acute disorders of cerebral circulation, 11.1
thousand patients die per year. It is significant that
two thirds of deaths from stroke occur in developing
countries [7]. According to the medical statistics of
the Republic of Kazakhstan, more than 40 thousand
Kazakhstanis suffer from stroke every year, of which
about 60% become disabled. 5 thousand people die
during the first 10 days of the disease. About 70% of
stroke patients need outside help. Only about 10% of
surviving patients can return to normal life. Diseases
of the circulatory system are dangerous with a high
level of disability. The incidence of stroke in the most
socially active and working age is more than 60%.

According to The Global Burden of Disease Study
2019 (GBD 2019), there were 12.2 million (95% Ul 11.0-
13.6) cases of stroke, 143 million (133-153) DALYs
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due to stroke, and 6 .55 million (6.00-7.02) deaths.
Globally, stroke remained the second leading cause
of death (11.6% [10.8-12.2] of total deaths) and the
third leading cause of death and disability combined
(5.7% [5.1-12] ,2]). 6 2] of the total number of DALYs)
in 2019. From 1990 to 2019, the absolute number
of strokes increased by 70.0% (67.0-73.0), common
strokes increased by 85.0% (83.0-88.0), stroke deaths
increased by 43 .0% (31.0-55.0), and DALYs due to
stroke increased by 32.0% (22.0-42.0).[8]

It is predicted that the death rate from stroke will
reach 7.8 million by 2030 if unified global measures to
combat will not be taken [9].

Extracranial carotid stenosis is a treatable cause
of ischemic stroke and can be reliably detected and
evaluated using vascular ultrasonography. Up to 88%
of strokes are ischemic in nature [10]. Extracranial
carotid atherosclerosis is the third leading cause of
ischemic stroke in the general population and the
second most common non-traumatic cause in adults
under 45 years of age [11].

According to the Framingham Heart Study and
the Cardiovascular Health Study, the prevalence of
>50% carotid stenosis is approximately 9% in men and
6-7% in women [12]. More than 5% of people over 65
years of age have extracranial stenosis of the carotid
arteries with an increase of 50% or more [13].

Only in the United States of America (USA) the
stroke is the third most common cause of death,
with atherosclerotic extracranial carotid stenosis
accounting for 20-25% of all strokes [14].

Identification of patients with carotid stenosis
has the potential to allow early intervention to reduce
the risk of stroke in this population. Stroke prevention
strategies can be divided into medical and surgical
intervention.

In 2014, the NASCET (North American Prevention
Task Force) recommended that carotid artery
screening should not be routinely performed. There
are concerns about the risks of screening, such
as investigating false positives and stroke risks
associated with angiography, which can be done as a
second-line study. [15]

However, the (ECST) European guidelines support
targeted screening for individuals at increased risk
for carotid stenosis, such as those with carotid
murmurs or multiple risk factors for atherosclerosis
[16]. If it were possible to identify a group with a higher
prevalence of carotid stenosis and therefore a higher
risk of stroke, this could lead to greater potential
benefits of screening and treatment. Identifying those
who should start aggressive drug therapy to prevent
the occurrence of other cardiovascular diseases, as
well as stroke, will be of the greatest benefit, given that
the cost of treatment is estimated to be 8 times higher.
[17]

There are no randomized controlled trials
investigating the benefits of screening versus no
screening in the general population and the impact on
rates of stroke and cardiovascular diseases.

On the other hand, the desire to detect mild
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carotid stenosis or atherosclerosis increases the
target population and allows for earlier intervention,
most likely with aggressive medical treatment, to
not only prevent stroke but also reduce the risk
of cardiovascular disease. In addition, it has been
suggested that patients may be motivated to change
their lifestyle [18] .

Currently, there is no routine screening of the
population for carotid stenosis. This is a complex
area and needs further prospective studies. However,
it has been proven that more attention should be
paid to stroke prevention. Focused screening with
duplex ultrasound may be appropriate in patients at
high risk for atherosclerotic disease. There is also
growing evidence that carotid screening can be used
in conjunction with traditional risk measures to more
accurately predict CVD risk.

Preventive measures for ischemic stroke

Prevention and treatment of cerebral ischemia
due to extracranial carotid stenosis is the cornerstone
of stroke prevention and is the subject of extensive
clinical research, including numerous randomized
controlled trials. Thus, timely diagnosis for choosing
a method for the treatment of extracranial carotid
stenosis is a preventive intervention that prevents
the risk of developing primary and recurrent strokes,
deaths and disability associated with a stroke.

Duplex ultrasound (DUS) is the main non-invasive
screening method for assessing extracranial carotid
artery stenosis and is widely used in the clinical
practice to select patients for angiography and assess
stroke risk stratification [19]. Duplex ultrasound
(DUS) is very important in assessing the severity of
carotid stenosis. DUS should be assessed using the
recommended angulation (sound angle less than
or equal to 60 degrees) [20]. This study uses color
and spectral Doppler flow assessment, combined
with grayscale plaque imaging, to determine the
presence and severity of extracranial carotid artery
stenosis. Since the University of Washington criteria
for carotid duplex were published and widely adopted
in the 1980s, there has been an ongoing effort to
refine the diagnostic criteria for carotid arteries that
continues to the present [21,22,23]. This method was
first proposed and then developed in the 1970s at the
University of Washington by Dr. D. E. Strandness, Jr.,,
a vascular surgeon who widely introduced vascular
ultrasound. His laboratory has established criteria
for the interpretation of all duplex scans, including
carotid disease, based on Doppler information and
B-mode vessel imaging. The parameters used to
classify the severity of carotid disease included peak
systolic velocity (PSV), degree of spectrum expansion,
end diastolic velocity, and overall waveform. These
features made it possible to create a classification
of carotid bifurcation stenosis, the so-called “Thread
Criteria” [24]. These criteria were developed to predict
carotid bulb diameter reduction using six categories of
stenosis severity (none, 1-15, 16-49, 50~79, 80-99%
reduction,and complete occlusion), with high sensitivity
and specificity compared to with angiography. The
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North American Symptomatic Carotid Endarterectomy
Study (NASCET), the European Carotid Surgery Study
(ECST), and the Asymptomatic Carotid Artery Study
(ACAS) were the main studies of symptomatic and
asymptomatic carotid endarterectomy patients,
respectively [25]. According to the NASCET method,
the stenotic lumen is compared with the lumen of the
distal internal carotid artery (ICA), so the degree of
stenosis is determined in relation to the distal lumen,
and according to ECST, the degree of stenosis is
determined in relation to the original lumen.

This is a summary of the main steps in NASCET
classification:

+ 0-40% NASCET low grade stenosis:assessment
in B-mode imaging, in the longitudinal and transverse
planes, adding information on the percentage of
diameter reduction, plaque thickness and length, and
residual lumen;

+ 50-60% moderate stenosis NASCET: localized
velocity increase (PSV <230 cm/s) without collateral
flows (this item creates further differentiation from
2003 and 2010 in PSV threshold);

Degree of stenosis consistent with NASCET
>70%: combined assessment of hemodynamic
criteria (PSV >230 cm/s, presence of collateral flows,
increased end-diastolic velocity). At the same time,
the assessment of the degree of reduction of the
post-stenotic course allows us to differentiate 70-, 80-
and 90% stenosis. [26,27] If there is any doubt about
classification, contrast-enhanced magnetic resonance
angiography (MRA) and computed tomography
angiography (CTA) can be done. The use of intracranial
MRI to predict possible extracranial carotid stenosis is
rarely discussed [28].

Carotid intima-media thickness (CIM), as
assessed by carotid ultrasonography, is also a
widely used surrogate marker for the severity of
atherosclerosis. Intima-media thickness complex
(IMT) is the distance between the inner surface of
the intima and the outer surface of the media. The
IMT thickness of the common carotid artery is one of
the independent risk factors for the development of
transient ischemic attacks and stroke [29].

Ultrasound of the carotid arteries is assigned in the
following cases: patients with diseases that are more
often associated with stenosis or obstructive lesions
of the carotid arteries (cerebrovascular diseases,
impaired perfusion in the vertebral and basilar
arteries, Takayasu's disease, etc.) or patients with
clinical signs indicating such diseases (hemiplegia,
arterial murmurs, pulse weakness, etc.) or patients
who need to assess the risk of invasive treatment of
atherosclerotic lesions of other organs (ischemic heart
disease, arteriosclerosis obliterans, aortic aneurysm,
etc.) [30]. In addition, this examination can also be
appointed for patients with atherosclerosis risk factors
(diabetes mellitus, dyslipidemia, arterial hypertension,
smoking, obesity, etc.) and in whom the possibility of
atherosclerosis progression cannot be ruled out [31].

Screening of patients with asymptomatic and
symptomatic carotid stenoses is often diagnosed
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by ultrasound [32,33], but there is oversight due to
relatively low clinical awareness prior to the onset of
ischemic symptoms [34]. However, in the presence
of vascular risk factors, screening may be useful in
cases where the diagnosis of extracranial carotid
stenosis may have therapeutic implications. Patients
with known carotid stenosis should be followed up at
intervals of 6 to 12 months.

According to LeFevre ML et al., screening for
coronary artery stenosis in the general population,
even among patients with evidence of atherosclerosis
in other vascular beds (i.e., with coronary or peripheral
arterial disease), is not indicated and is not considered
cost-effective [35]. The rationale against widespread
screening for CS is based on the high false negative/
positive rate in the general population and the potential
harm of unnecessary invasive procedures. But many
authors suggest that screening for CS among high-risk
individuals will allow timely drug therapy to prevent
stroke and cardiovascular events [36).

Non-invasive tests used to diagnose coronary
artery stenosis include high-resolution duplex
ultrasound, time-of-flight and contrast magnetic
resonance angiography (MRI), and computed
tomographic  angiography (CT). All of them
demonstrated sufficient sensitivity and specificity
compared to the gold standard catheter digital
subtraction angiography (CDSA). In real practice,
doppler sonography is often preferred as a screening
method due to the fact that it is inexpensive, reliable
and readily available [37].

Several professional societies and accreditation
institutes, including the Intersociety Accreditation
Commission (IAC), the American Institute of Ultrasound
(AIUM), the Society for Vascular Ultrasound (SVU), and
the American College of Radiology (ACR), have been
tasked with standardizing protocols and methods for
describing coronary stenosis [38, 39].

Carotid ultrasonography should be used as a
tool not only for risk stratification of vascular events,
but also for a comprehensive interpretation of
atherosclerosis or stroke etiology. [40].

Conclusions

Screening for carotid stenosis is important, and
whether routine carotid ultrasound is recommended
in the general population remains controversial.
Screening for carotid stenosis by ultrasound is
important not only for the daily clinical setting, but
also for the management of patients with acute
ischemic stroke. In atherothrombotic stroke patients
with severe internal carotid stenosis, surgery should
be considered, and duplex ultrasound is important in
assessing the severity of carotid stenosis. Physicians
should be aware of the usefulness of carotid
ultrasound in stratifying the risk of cerebral and
cardiovascular disease based on various aspects. In
addition, visual assessment or dynamic changes with
carotid ultrasound can provide different and valuable
insights in outpatient settings.
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