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ABSTRACT

Deformations of carotid artery — deviation, tortuosity, coiling, hold the 2nd place
among other carotid pathologies. They are the cause of 10-17% of cerebrovascular
disorders. It should also be noted that this pathology is common for a relatively young
age. 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. For diagnostics of
deformations of magistral arteries, highly efficient non-invasive methods are applied:
ultrasound duplex-scanning, MR angiography, and multi-slice CT angiography. We have
studied deformations of magistral carotid and vertebral arteries in cases of isolated
atherosclerosis, isolated arterial hypertension, and a combination of atherosclerosis
and hypertension. Out of 205 patients we diagnosed deformations of carotid arteries
in 93 (30%) cases, and deformations of vertebral arteries in 64 (21%) cases. Bilateral
deformation of carotid arteries was diagnosed in 43 (17%) cases. C- or S-shaped defor-
mations in 55 (81%) cases were located in proximal or medial parts of CCA or ICA. 76%
of patients with this pathology had arterial hypertension. In the case of C- or S-type
deformation rate amounted to 30%, in the case of coiling increase of flow it reached
50%, and in the case of kinking — exceeded 60%. In the case of C- or S-type elongation,
flow volume (Q) is practically within the normal range - 48838 ml/min. In the case of
spiral shape elongation, it showed the tendency of decrease -402+22 ml/min, which is
more obvious in the case of kinking - 332422 ml/min. 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. In order to study the impact
of the deformation of magistral arteries on intracranial hemodynamics, we examined
84 patients without any hemodynamically significant atherosclerotic pathology of ca-
rotids. We found a total of 91 elongations: In the case of C- or S-shaped deformation,
flow parameters remain within the normal range, as in the case of spiral elongation or

coiling. In the case of kinking, there is an obvious tendency for a decrease in flow 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.

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 >90°
II. Coiling
- Coiling of the vessel up to 360 °.

III. Kinking
- Kinking with angles <90° (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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A C

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-

Fig, 1. Schematic representation of the types of vessel elongation: a) C-or S-shaped elon-
gation with angles >90° ; b) Coiling of the vessel; c) Kinking with angles <902.

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-

ited angle is not visible in color Doppler
mode (Fig. 2,3).
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Fig. 2. Internal carotid artery elongation. A) Kinking. Color Dop-
pler mode. Longitudinal plane.b) Coiling; ADF mode. Longitudi-
nal plane.

tion, hence different angulations of the

detector are needed. Color Doppler en-
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Fig. 3. Internal carotid artery coiling. Color
Doppler mode. Longitudinal plane.

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

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

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 22.9 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. 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
is 87.9-94.6%, while the
accuracy of CTA is 96% [11].

The above methods, in complex
with

arteries

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).

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

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
studied 205 patients both with

isolated atherosclerosis (AT)-n= and

have

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.

64

MR angi-
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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%)
Il. Spiral/coiling — 6 (7%)

. Kinking 14 (14%)

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
2.620.72. 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
examination. We

for ultrasound

studied flow volume rate (Q) in CCA

by different types of malformation
(Fig.8).
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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 - 488438 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) - 332122
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 - 266134
ml/min, which is practically 40% of
the normal value.

Different

were presented with the following

type of elongation

frequencies (Table 1).

Table 1. ICA elongation cases by groups

contribute to arterial deformations.
We studied the

elongation in relation to the clinical

frequency of

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

66

Type of elongation N Atherosclerosis Hypertension | Atherosclerosis+AH
n/% n/% 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,
their

combination the frequency increases.

however in the case of
C - or S-type deformations are
associated with  Arterial
(total 76%). 50%
of coiling and spiral deformation

mostly
hypertension

cases were not associated with
hypertension. This means that apart
from AH, other mechanisms also

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
revealed with

elongations were
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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

of
of 91
| type (C- or S-type
type
deformation or coiling)-n=6, and Il

atherosclerotic pathology

carotids. We found a total
elongations:
deviations)-n=71, I (spiral
type (kinking)-n=14. In order to assess
the impact of carotid elongations
on intracranial hemodynamics, we
studied the flow parameters in the
cerebral

ipsilateral medial

(Table 2).

artery

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
the

spectrum visualizes changes in flow

neck

vessel deformation; Doppler

parameters and direction in tortuous

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
Il n=6 53.18.7
IIn=14 47.2+11.8

As seen in the Table above, in
the

flow parameters remain within the

case of I-type deformation,
normal range, as in the case of II-
type deformation spiral elongation,
or coiling. In the case of lll-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+x7.3 cm/sec, which is 30%

below the normal value and indicates

segments, enabling the assessment
of the hemodynamic importance
of elongation and its management.
MDCT and

noninvasive tools for the evaluation

MRA appear as useful

of the above-mentioned pathology.
Complex use of CDUS and MDCT /
MRA

about vessel structural hemodynamic

gives complete information

changes in patients’ vessel pathologic

deformation.
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PE3IOME

HEUHBA3UBHAA NYYEBAA ANATHOCTUKA
AE®OPMALUN SKCTPAKPAHUA/IbHBIX APTEPUIA

faueunnapse A.l., Xapaase P.T., Okygrxkasa M.B, bepasa M.B.:

KnuHuka um. .M. Toaya

JedopmaLmm COHHOM apTepUM — OTKJOHEHWNE, U3BUTOCTb, CKPYYMBAHME, 3aHUMAIOT
2-e MecCTO cpeau ApYyrux MaToformMii COHHbIX apTepuit. OHWM ABAAIOTCA NpUYMHON 10-
17% HapyLeHnn MO3roBoro KposoobpateHua. CneayeT TakKe OTMETUTb, YTO AaHHas
NaToN0rMA XapakTepHa A/1A OTHOCUTE/IbHO MONOAOro Bo3pacTta. CuntaeTca, 4to y no-
XUnbIX noaen aedbopmalma COHHOM apTepum ABAAETCA NPUOBPETEHHbIM NOPaXKEHU-
em, Hanbosiee 4acTo HabAOAAEMbIM Y NALMEHTOB, CTPAAAIOLLMX AaTEPOCKNEPO3OM U
rMNepToHMYECcKoN 601e3HbIO, B TO BPEMA KaK y AeTel M NaLnMeHToB MajLero Bo3pac-
Ta nepervbbl U BUTKM ABAAIOTCA BPOXKAEHHbIMU. [ANA ANMArHOCTURM aedopmaumii ma-
TUCTPA/IbHBIX apTepuii NPUMEHAITCA BbICOKOIDdEKTUBHbIE HEMHBA3MBHbIE METOAbI:
YNbTPa3BYKOBOE AyNAEKCHOe CKaHupoBaHwe, MP-aHrmorpadusa m mynbtTucpesoBsas
KomMmnbtoTepHasa Tomorpaduma. Mbl n3ydanm gedopmaumm MarmcTpanbHbIX COHHbIX U
NO3BOHOYHbIX ApPTEPUI NPU N30/IMPOBAHHOM aTEPOCKIEPO3E, N30/IMPOBAHHON apTe-
PUaNbHOM FTMNEPTEH3UMN U COYETAHMM AaTEPOCKAEPO3a U apTePUAbHOM TMNEPTEH3UN.
M3 205 nauneHToB Mbl AnarHoctmposann aedopmaumm CoHHbIX apTepuin B 93 (30%)
cnyyanx u gebopmaummn No3BOHOYHbIX apTepuii B 64 (21%) caydasx. JBYCTOPOHHSASA
nedopmalma COHHbIX apTepuii bblna anarHoctuposaHa B 43 (17%) cayyasax. C- uau
S-o6pasHble aedopmauymm B 55 (81%) cnyyasx NOKaAM30BaAIMCb B MPOKCMMAbHbIX
nnu meamanbHbix otgenax OCA namn BCA. Y 76% naumeHTOB C AaHHOM NaTONOrMEN Ha-
6atoganack aptepuanbHasa runepteHsua. B cayvae pgedopmaumm C- mam S-tuna cKo-
pocTb coctasuna 30%, B cnyvae HAMOTKM yBenmyeHune pacxoga gocturno 50%, a B cny-
Yae nepernba — npesbicuno 60%. B cnyyvae yaganmHeHua C- uam S-tuna obbem NoToka
(Q) npakTHueckun HaxoauTca B npesenax Hopmbl - 488+38 mn/muH. B ciyyae yaivHe-
HUA cnupanbHol Gopmbl HabAoAanach TEHAEHUMA K CHUMNKEHUIO -402122 ma/MUH, 4To
6onee o4eBMAHO B ciydae nepernba - 332+22 ma/MuH. YactoTa yaMHEHUIA NPaKTy-
YeCKM OAMHAKOBA B C/ly4ae M30JIMPOBAHHOIO aTepPOCKNepPOo3a UM TMNEePTOHUYECKOM
601e3HU, OHAKO B C/ly4ae MX COYETaHMA YacToTa yBeanumsaetca. C Lenbio n3yyeHus
BNMAHUA fedopMaLnm MarncTpanbHbIX apTepUi Ha BHYTPUYEPENHYHO reMOAUHAMUKY
Mbl 06cneposanu 84 naupneHTa 6e3 Kakoin-1Mbo remogMHaMMYECKM 3HAYMMON aTepo-
CKNepPOTMYECKOMN NATO/IOrMM COHHbIX apTepuii. Mbl 06HapyKnan B 00LLEN COXKHOCTU
91 ygnunHeHue: B cnyyvae C- unm S-obpasHom gedopmaLmm napameTpbl NOTOKA OCTAKOT-
CA B MpeAenax HOPMbI, KaKk 1 B C/ly4ae CNMPasbHOro yAJAUHEHUA NN HAMOTKU. B cay-
Yae nepervba HabatoAaeTCA OYEBUAHAA TEHAEHLMA K CHUKEHUIO pacxofa — CpeaHni
pacxog, Ha 20% HWKe HOPMAIbHOIo 3HaYeHUA. Halwm gaHHble COOTBETCTBYIOT aHaNo-
TMYHbIM JaHHbIM APYrMX aBTOPOB, KOTOPbIE BbIABUAN TEHAEHLMIO K CHUXKEHUIO CKOPO-
CTW KPOBOTOKA B MMCKIaTePasbHON cpeaHen Mo3roBoi apTepun Ha 20-35% B cnyyae
3HAYUTENbHOM U3BUTOCTM MW Nepernba COHHOM apTepUM.

KnioueBble cnoBa: NaTos0r1a COHHbIX apTePUiA, MarncTpasibHbIX apTepPUid, cnnMpanbHoe yannmHeHue,
cnvpasnbHasa gedpopmarms
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