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ABSTRACT

Deformati ons of caroti d artery – deviati on, tortuosity, coiling, hold the 2nd place 
among other caroti d pathologies. They are the cause of 10-17% of cerebrovascular 
disorders. It should also be noted that this pathology is common for a relati vely young 
age. It is considered that in the elderly caroti d deformati on is an acquired lesion most 
commonly seen in pati ents suff ering from arteriosclerosis and hypertension, while in 
children and younger pati ents, the kinks and coils are congenital. For diagnosti cs of 
deformati ons of magistral arteries, highly effi  cient non-invasive methods are applied: 
ultrasound duplex-scanning, MR angiography, and multi -slice CT angiography. We have 
studied deformati ons of magistral caroti d and vertebral arteries in cases of isolated 
atherosclerosis, isolated arterial hypertension, and a combinati on of atherosclerosis 
and hypertension. Out of 205 pati ents we diagnosed deformati ons of caroti d arteries 
in 93 (30%) cases, and deformati ons of vertebral arteries in 64 (21%) cases. Bilateral 
deformati on of caroti d arteries was diagnosed in 43 (17%) cases. C- or S-shaped defor-
mati ons in 55 (81%) cases were located in proximal or medial parts of CCA or ICA. 76% 
of pati ents with this pathology had arterial hypertension. In the case of C- or S-type 
deformati on rate amounted to 30%, in the case of coiling increase of fl ow it reached 
50%, and in the case of kinking – exceeded 60%. In the case of C- or S-type elongati on, 
fl ow volume (Q) is practi cally within the normal range - 488±38 ml/min. In the case of 
spiral shape elongati on, it showed the tendency of decrease -402±22 ml/min, which is 
more obvious in the case of kinking - 332±22 ml/min. The frequency of elongati ons is 
practi cally the same in the case of isolated atherosclerosis or hypertension, however, 
in the case of their combinati on the frequency increases. In order to study the impact 
of the deformati on of magistral arteries on intracranial hemodynamics, we examined 
84 pati ents without any hemodynamically signifi cant atheroscleroti c pathology of ca-
roti ds. We found a total of 91 elongati ons: In the case of C- or S-shaped deformati on, 
fl ow parameters remain within the normal range, as in the case of spiral elongati on or 
coiling. In the case of kinking, there is an obvious tendency for a decrease in fl ow rate 
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– the average flow rate is 20% below the normal value. Our data correspond to similar 
data of other authors, who revealed the tendency of a 20-35% decrease of flow rate in 
the ipsilateral middle cerebral artery, in case of significant tortuosity or kinking of the 
carotid artery.

D
eformations and elongations of 
the carotid artery – deviation, tor-
tuosity, and coiling, hold the sec-

ond place among other carotid patholo-

gies. Their frequency in population is 12-
43%. They are the reason for 10-17% of 
cerebrovascular disorders. It should also 
be noted that this pathology is common 
at a relatively young age. Considering 
that 16-20% of people with deformations 
have transitory or stable cerebral circula-

tory disorders in anamnesis, the medical 
and social importance of the problem 
becomes obvious [1, 2]. It is considered 
that in the elderly carotid deformation is 
an acquired lesion most commonly seen 
in patients suffering from arteriosclerosis 
and hypertension, while in children and 
younger patients, the kinks and coils are 
congenital. Such anomalies occur in 15% 
of infants and children, and in 44-55% of 
young adults without congenital athero-

sclerosis. It is often bilateral [3]. Coiling is 
mostly disembriogenetic. 50% of coilings 
revealed in childhood are bilateral, sym-

metric, and often accompanied by other 
vascular pathologies [4]. Deviation and 
kinking in adults are mainly related to the 
weakening of elastic arterial carcass, ath-

erosclerotic changes, and malformation 
of the cervical segment of the spine. The 
elastic and muscular tissue of the carotid 
artery is substituted by loose connec-

tive tissue, configuring a metaplasia of 
tunica media. Deformations of magistral 
arteries are regarded by some authors 
as a defense mechanism to mitigate the 

pulsating wave in conditions of arterial 
hypertension [5, 4]. The disease of often 
for a long time asymptomatic and clini-
cally presents during the 6-7th decade 
of life. Cerebral ischemia with underlying 
congenital deformation sometimes leads 
to arterial hypertension. According to our 
data, malformation of carotids in 60-62% 
of cases is accompanied by arterial hy-

pertension and atherosclerosis [7, 14]. It 
is assumed that physical examination of 
patients with deformations is ineffective. 
Systolic heart murmurs in the area of de-

formation can be heard in approximately 
17% of cases. At the same time, the pres-

ence of murmurs and their intensity are 
not correlated to the type of deformation 
or arterial hypertension. Deformations of 
magistral arteries are divided into three 

main groups according to their shape [8]:

I. Tortuosity 
    – C-or S-shaped elongation with 

angles >90º
II. Coiling 
      – Coiling of the vessel up to 360 º.
III. Kinking 
       – Kinking with angles <90º (Fig.1) 

The most comprehensive definition is 
that of Metz et al (1961), who refer to the 
bend of the ICA as due to an elongation 
of the vessel and defined it as the abrupt 
angulation of the vessel axis from 90° 
or less, and in turn classified into three 
grades: grade 1: angle of 90-60°; grade 
2: 60 to 30°; grade 3: <30° [9]. Coiling is 
usually found 4-8cm distal of the carotid 
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bifurcation without any age dependency 
and side-to-side preference. C- and S-
type tortuosity more often involves CCA, 
subclavian artery, and proximal part of 
ICA. Due to the increase of lumen and 
damage of elastic membrane, it causes 
hyperpulsation, which requires to be dif-
ferentiated from aneurism. C-type de-

formation or deviation, as well as simple 
S-type deformation, is hemodynamically 
insignificant, while the expressed S-type 
tortuosity may be hemodynamically sig-

nificant. For diagnostics of deformations 
of magistral arteries, highly efficient non-
invasive methods are applied: ultrasound 
duplex-scanning, MR angiography, and 
multi-slice CT angiography. The diagnos-

tic accuracy of ultrasound is 90-96% [10, 
11]. Deformations are easily visualized 
on grey-scale ultrasound images. Arte-

rial lumen is tortuous and seen in differ-
ent planes. Deformations are seen in any 
segment of the artery, most frequently 
in its proximal part. For a full image of 
tortuosity, several planes of a single loca-

tion, hence different angulations of the 
detector are needed. Color Doppler en-

Fig, 1. Schematic representation of the types of vessel elongation: a) C-or S-shaped elon-
gation with angles >90º ; b) Coiling of the  vessel; c) Kinking with angles <90º.

Fig. 2. Internal carotid artery elongation. A) Kinking. Color Dop-
pler mode. Longitudinal plane.b) Coiling;  ADF mode. Longitudi-
nal plane.

ables quick identification of malformed, 
folded, or coiled vessels. The color image 
shows not only a tortuous artery, but also 
turbulent segments inside; expressed 
mosaicism is visible in the lumen, and 

“fragmentation” of mapping - in the area 
of angulation. Power Doppler and Canon 
exclusive Advanced Dynamic Flow (ADF) 
mode provide additional information 
about the tortuosity of the artery and 
map the segment, which because of lim-

ited angle is not visible in color Doppler 

mode (Fig. 2,3).
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Fig. 3. Internal carotid artery coiling. Color 
Doppler mode. Longitudinal plane.

Fig. 4. Vertebral artery S shaped elonga-
tion. A) Color Doppler mode. Longitudinal 
plane. b) MR angiography Gad-fl-2D-tof-
MIP.  

Doppler spectrum visualizes changes 

in flow parameters and direction in tor-
tuous segments, as well as turbulence in 

the “knee” area. It should be noted that 
rotation of the head may increase the 
degree of deformation and reduce ce-

rebral circulation. Currently, there is no 
common approach to the assessment of 
the hemodynamic importance of elonga-

tion and its management. There are no 
ultrasound criteria of the hemodynamic 

significance of elongations. Some authors 
suggest that hemodynamically significant 
is the elongation with an angle of devia-

tion over 600 and in such cases recom-

mend surgery. Lately, the most accepted 
criterion is maximal systolic flow velocity 
in elongated segments; however different 
authors have different views on the value 
of flow rate, above which changes may 
be considered hemodynamically signifi-

cant. Some authors suggest that the criti-

cal value is 150 cm/s, others – 200 cm/
sc [5,12]. According to some authors, an 
increase of flow rate by more than 60% 
in the angulation zone following head ro-

tation, may be considered an indication 
for surgical treatment. Another impor-
tant criterion is expressed turbulence and 
speed gradient of ≥2.9 in the angulation 
area. MRA and CTA are fairly considered 
highly informative non-invasive methods 
of diagnostics of deformations of magis-

tral arteries. Both methods enable to ex-

amination of extra- and intracranial parts 
of brachiocephalic arteries along their 
whole length and assess the spread of 
deformation, its scale, and contact with 
surrounding structures (Fig. 4-6)
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Fig. 5. Vertebral artery coiling.MDCT 
– curviplanar reformatted image.

Fig. 7. Right internal carotid artery kinking.  MR angi-
ography Gad-fl-2D-tof-MIP.  Signal loss in the site of 
the angulation due to turbulent flow.

Fig. 6. Left internal carotid artery coiling, 
external carotid artery S-shaped elonga-
tion, right Vertebral artery S-shaped elon-
gation. MR angiography Gad-fl-2D-tof-
MIP. 

The accuracy of MRA in diagnostics 
of deformations of brachiocephalic 
arteries is 87.9-94.6%, while the 
accuracy of CTA is 96% [11]. 

The above methods, in complex 
with ultrasound examination, 
provide practically exhausting 

information about the type, size, 
and hemodynamic significance of 
deformation. In comparison with CTA, 
MRA has certain limitations: in case 
of expressed turbulence in angulation 
zones, the signal may be lost, which 
limits adequate assessment of that 
area (Fig. 7).

Purpose:  We have studied 
deformations of magistral carotid 
and vertebral arteries in case of 
isolated atherosclerosis (AT), isolated 
arterial hypertension (AH), and a 
combination of atherosclerosis and 
hypertension (AT+AH). We have 
studied 205 patients both with 
isolated atherosclerosis (AT)-n= and 
a combination of atherosclerosis and 
arterial hypertension. 

Out of 205 patients we diagnosed 
deformations of carotid arteries in 
93 (30%) cases, and deformations of 
vertebral arteries in 64 (21%) cases. 

NONINVAZIVE DIAGNOSTICS OF EXTRACRANIAL ARTERIES TORTUOSITY
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Bilateral deformation of carotid 
arteries was diagnosed in 43 (17%) 
cases. We diagnosed the following 
deformation of carotid arteries:

I. C- and S-shaped – 69 (74%)
II. Spiral/coiling – 6 (7%)
III. Kinking 14 (14%)
IV. Double kinking – 4 (4%)

In 51 (56%) cases deformations 
were accompanied by different 
degrees of carotid stenosis. In 24 cases 
C- or S-shaped malformations were 
found in both CCA and ICA. In 3 cases 
they were revealed together arterial 
kinking. C- or S-shaped deformations 
in 55 (81%) cases were located in 
proximal or medial parts of CCA or 
ICA. It should be mentioned that 76% 
of patients with this pathology had 
arterial hypertension. In color and 
power Doppler modes, expressed 
turbulence in the malformed area – 
increase of speed gradient by >20%, 
derangement of flow (aliasing effect) 
was mainly seen in case of spiral 
malformation or kinking. While in 

the case of C- or S-type deformation 
increase of flow rate amounted to 
30%, in the case of spiral deformation 
it reached 50%, and in the case of 
kinking – exceeded 60%. In the case 
of kinking of ICA, systolic flow velocity 
in the angulation zone amounted to 

127.8±47.7 cm/sec, and gradient – to 
2.6±0.72. As for spiral deformation, 
systolic flow rate, and gradient were 
lower than in the case of kinking and 
amounted to 98.4±45.2 cm/sec and 
1.92±0.66 respectively. All cases of 
deformations of magistral arteries 
were confirmed by multi-slice CTA 
or MRA. Modes and reconstructions 
used in both examinations enabled to 
adequately assess the damaged part 
of the artery in all planes, diagnosed 
deformation, and adjusted the results 
of duplex-scanning, mainly when 
elongation extended to intracranial 
segments and was hardly available 
for ultrasound examination. We 
studied flow volume rate (Q) in CCA 
by different types of malformation 
(Fig.8).

Fig. 8 Fow volume (Q) in CCA by different types of malformation 
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As seen in the above diagram, in 
the case of C- or S-type elongation, 
flow volume  (Q) is practically within 
the normal range - 488±38 ml/min. In 
the case of spiral elongation, it showed 
the tendency of decrease -402±22 ml/
min, which is more obvious in the case 

of acute deviation (kinking) - 332±22 
ml/min (difference in flow rates 
by different types of elongation is 
statistically insignificant – p>0.05). As 
for double deviation, it has the biggest 
effect on hemodynamics, Q - 266±34 
ml/min, which is practically 40% of 
the normal value.

Different type of elongation 
were presented with the following 
frequencies (Table 1).

Table 1. ICA elongation cases by groups
Type of elongation N Atherosclerosis

n / %

Hypertension
n / %

Atherosclerosis+AH
n / %

C- or S- type 69 16(24%) 24(35%) 29(43%)
Coiling 6 3(50%) 1(17%) 2(33%)
Kinking 14 4(31%) 5(34%) 5(38%)
Double kinking 4 1(25%) 1(25%) 2(50%)
Total 93 24(26%) 29(32%) 38(42%)

As seen in the above Table, the 
frequency of elongations is practically 
the same in the case of isolated 
atherosclerosis or hypertension, 
however in the case of their 
combination the frequency increases.

C - or S-type deformations are 
mostly associated with Arterial 
hypertension (total 76%). 50% 
of coiling and spiral deformation 
cases were not associated with 

hypertension. This means that apart 
from AH, other mechanisms also 

contribute to arterial deformations. 
We studied the frequency of 
elongation in relation to the clinical 

signs of cerebrovascular pathologies. 
13 cases of C- or S-type, 1 case of spiral 
and 2 cases of kinking elongations 
were asymptomatic. In all other cases, 
different types of cerebrovascular 
disorders were presented: out of 5 
cases of spiral elongations 2 (40%) 
presented with TIA, 2 (40%) – with 
DE, and 1 – with ischemic stroke. 
Kinking mainly presented with DE (7 
patients), 2 patients presented with 
TIA, one – with ischemic stroke, and 
one – with subarachnoid hemorrhage. 
As for vertebral arteries, we revealed 
53 cases of C- or S-type elongations 

and 6 cases of spiral tortuosity. At 
the C2 level mean flow velocity was 
moderately decreased – 28 cm/sec, as 
well as flow volume, Q – 86 ml/min. 
Spiral tortuosity had a bigger impact 
on hemodynamics – the average flow 
velocity was 22 cm/sec, and as flow 
volume was almost half of the normal 
value – 52 ml/min.

C- or S-type elongations, like 
in carotids, were associated with 

hypertension – 34 (64%). 3 spiral 
elongations were revealed with 

NONINVAZIVE DIAGNOSTICS OF EXTRACRANIAL ARTERIES TORTUOSITY
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the combination of atherosclerosis 
and hypertension, 2 – with isolated 
atherosclerosis, and 2 – with isolated 
hypertension. In order to study the 
impact of defors of magistral arteries 
on intracranial hemodynamics, 
we examined 84 patients without 
any hemodynamically significant 
atherosclerotic pathology of 
carotids. We found a total of 91 
elongations: I type (C- or S-type 
deviations)-n=71, II type (spiral 
deformation or coiling)-n=6, and III 
type (kinking)-n=14. In order to assess 
the impact of carotid elongations 
on intracranial hemodynamics, we 
studied the flow parameters in the 
ipsilateral medial cerebral artery 
(Table 2).

Table 2. Flow Velocity cm/s in ipsilateral to elongation Middle cerebral artery (MCA)
Type of elongation Vmean MCA cm/s 

I n=71 56.4±15.1
II n=6 53.1 8.7
III n=14 47.2±11.8

As seen in the Table above, in 
the case of I-type deformation, 
flow parameters remain within the 
normal range, as in the case of II-
type deformation spiral elongation, 
or coiling. In the case of III-type 
elongations, there is an obvious 

tendency for a decrease in flow rate – 
the average flow rate is 20% below the 
normal value. From this view, 3 cases 
of kinking are particularly notable, 
where the flow rate decreased up 
to 41.6±7.3 cm/sec, which is 30% 
below the normal value and indicates 

a significant impact on intracranial 
hemodynamics.

Our data correspond to similar 

data of other authors, who revealed 
the tendency of a 20-35% decrease 
of flow rate in the ipsilateral medial 
cerebral artery, in case of significant 
tortuosity or kinking of the carotid 
artery [13].

Conclusion: The present study 
shows that the coexistence of 
extracranial vessel pathologic 
elongation in patients with ATH   
and   AH  is a common finding. CDUS 
study may be a valuable tool in the 
screening of patients with neck 
vessel deformation; the Doppler 
spectrum visualizes changes in flow 
parameters and direction in tortuous 

segments, enabling the assessment 

of the hemodynamic importance 
of elongation and its management. 
MDCT and   MRA appear as useful 
noninvasive tools for the evaluation 
of the above-mentioned pathology. 
Complex use of CDUS and MDCT / 
MRA  gives complete information 
about vessel structural hemodynamic 
changes in patients’ vessel pathologic 
deformation.
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РЕЗЮМЕ

НЕИНВАЗИВНАЯ ЛУЧЕВАЯ ДИАГНОСТИКА 
ДЕФОРМАЦИЙ ЭКСТРАКРАНИАЛЬНЫХ  АРТЕРИЙ 

Гачечиладзе Д.Г., Харадзе Р.Т., Окуджава М.В, Берая М.В.1

1Клиника им. Ф.И. Тодуа 

Деформации сонной артерии – отклонение, извитость, скручивание, занимают 
2-е место среди других патологий сонных артерий. Они являются причиной 10-
17% нарушений мозгового кровообращения. Следует также отметить, что данная 
патология характерна для относительно молодого возраста. Считается, что у по-

жилых людей деформация сонной артерии является приобретенным поражени-

ем, наиболее часто наблюдаемым у пациентов, страдающих атеросклерозом и 
гипертонической болезнью, в то время как у детей и пациентов младшего возрас-

та перегибы и витки являются врожденными. Для диагностики деформаций ма-

гистральных артерий применяются высокоэффективные неинвазивные методы: 
ультразвуковое дуплексное сканирование, МР-ангиография и мультисрезовая 
компьютерная томография. Мы изучали деформации магистральных сонных и 
позвоночных артерий при изолированном атеросклерозе, изолированной арте-

риальной гипертензии и сочетании атеросклероза и артериальной гипертензии. 
Из 205 пациентов мы диагностировали деформации сонных артерий в 93 (30%) 
случаях и деформации позвоночных артерий в 64 (21%) случаях. Двусторонняя 
деформация сонных артерий была диагностирована в 43 (17%) случаях. С- или 
S-образные деформации в 55 (81%) случаях локализовались в проксимальных 
или медиальных отделах ОСА или ВСА. У 76% пациентов с данной патологией на-

блюдалась артериальная гипертензия. В случае деформации C- или S-типа ско-

рость составила 30%, в случае намотки увеличение расхода достигло 50%, а в слу-

чае перегиба – превысило 60%. В случае удлинения C- или S-типа объем потока 
(Q) практически находится в пределах нормы - 488±38 мл/мин. В случае удлине-

ния спиральной формы наблюдалась тенденция к снижению -402±22 мл/мин, что 
более очевидно в случае перегиба - 332±22 мл/мин. Частота удлинений практи-

чески одинакова в случае изолированного атеросклероза или гипертонической 
болезни, однако в случае их сочетания частота увеличивается. С целью изучения 
влияния деформации магистральных артерий на внутричерепную гемодинамику 
мы обследовали 84 пациента без какой-либо гемодинамически значимой атеро-

склеротической патологии сонных артерий. Мы обнаружили в общей сложности 
91 удлинение: в случае C- или S-образной деформации параметры потока остают-

ся в пределах нормы, как и в случае спирального удлинения или намотки. В слу-

чае перегиба наблюдается очевидная тенденция к снижению расхода – средний 
расход на 20% ниже нормального значения. Наши данные соответствуют анало-

гичным данным других авторов, которые выявили тенденцию к снижению скоро-

сти кровотока в ипсилатеральной средней мозговой артерии на 20-35% в случае 
значительной извитости или перегиба сонной артерии.

Ключевые слова: патология сонных артерий, магистральных артерий, спиральное удлинение, 
спиральная деформация
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reziume

ekstrakranialuri arteriebis deformaciis 
arainvaziuri sxivuri diagnostika

gaCeCilaZe d.g., xaraZe  r.t.  okujava m.v, beraia m.v.1

1 f. i. Toduas klinika

saZile arteriis deformaciebi - gadaxra, darkalva, daklakniloba 

- me-2 adgils ikavebs saZile arteriebis  paTologiebs Soris da 10-17% 

SemTxvevaSi tvinSi sisxlis mimoqcevis  darRvevis  mizezi xdeba.  aseve 

unda aRiniSnos, rom es paTologia damaxasiaTebelia SedarebiT axal-

gazrda asakisTvis.  xandazmul adamianebSi saZile arteriis defor-

macia iTvleba SeZenil paTologiad, romelic yvelaze xSirad aReniS-

nebaT aTeroskleroziTa da hipertenziiT daavadebul pacientebs. 

xolo, bavSvebSi da axalgazrda pacientebSi kinkingi da koilingi Tan-

dayolili paTologiebia. magistraluri arteriebis paTologiuri 

deformaciebis diagnostirebisaTvis gamoiyeneba maRalefeqturi 

arainvaziuri meTodebi: ultrabgeriTi dupleqs skanireba, magnitur-

rezonansuli angiografia da mravalSriani kompiuteruli tomogra-

fia. Cvens mier Seswavlil iqna magistraluri saZile da vertebraluri 

arteriebis deformaciebi izolirebuli aTerosklerozis, izolire-

buli arteriuli hipertenziis da aTerosklerozisa da arteriuli 

hipertenziis TanxlebiT. 205 pacientidan 93 (30%) SemTxvevaSi dadg-

inda saZile arteriis deformacia da 64 (21%) SemTxvevaSi, vertebral-

uri  arteriis deformacia. saZile arteriebis ormxrivi deformaciis  

diagnozi daisva 43 (17%) SemTxvevaSi. 51 (56%) SemTxvevaSi deforma-

cias Tan axlda karotidis sxvadasxva xarisxis stenozi.  C - an S  saxis 

deformacia 55(81%) SemTxvevaSi lokalizebuli iyo saerTo  an   Signi-

Ta saZile   arteriis   proqsimalur   an  medialur nawilSi.  arteriuli 

hipertenzia dafiqsirda am paTologiis mqone pacientebis 76%-Si. im 

dros, roca C- an S tipis deformaciis SemTxvevaSi siCqare 30% iyo, 

spiraluri deformaciis SemTxvevaSi 50%-s miaRwia, xolo kinkingis 

dross 60%-s gadaaWarba. C an S saxis paTologiuri deformaciis   dros  

moculobiTi   siCqare (Q) praqtikulad ar    gansxvavdeba normisagan 

-453฀38ml/wT,  spiralisebri deformaciis SemTxvevaSi dafiqsirda 

klebis tendencia - 402 ± 22 ml/wT, rac ufro TvalsaCino iyo kinkin-

gis SemTxvevaSi - 332 ± 22 ml/wT. paTologiuri deformacia  praqtiku-
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sakvanZo sityvebi: sakvanZo sityvebi: saZile arteria, magistraluri arteriebi, 
kinkingi, koilingi

lad Tanabari sixSiriTaa izolirebuli aTerosklerozisa  da    hip-

ertenziis dros: Tumca,  misi   sixSire  imatebs am  ori   daavadebis 

Tanxlebis pirobebSi.  intrakranialur hemodinamikaze magistraluri 

arteriebis deformaciis gavlenis  Sesaswavlad, Cven gamovikvlieT 84 

pacienti, romelTac ar aReniSnebodaT saZile arteriebis hemodina-

miurad mniSvnelovani aTerosklerozuli paTologia. Cveni monaceme-

bi ZiriTadad emTxveva sxvadasxva  avtorebis  monacemebs, romlebmac 

gamoavlines nakadis siCqaris 20-35%-iT Semcirebis tendencia ifsi-

lateralur medialur cerebralur  arteriaSi, karotiduli arte-

riis mniSvnelovani kinkingis da tortuozis arsebobisas. 
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