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Abstract

Aim - to identify various structural variants of the bifurcation of the common
carotid artery using the ultrasound imaging method, taking into account the
age characteristics of patients.

Material and methods. We examined 1,061 patients (the average age was
57.0+10.7 years). Using ultrasound imaging, the anatomical variant of the
bifurcation of the common carotid artery was determined, taking into account
the location of the external and internal carotid arteries at the visualization
level. The results were grouped according to the age and gender of the patients,
statistically processed.

Results. 2,122 vascular complexes were studied (1,396 in women and 726
in men). Five main types of bifurcation structure of the common carotid
artery (types A — E) were identified. Type A was the most common among all
participants (up to 42%). Type B was detected in up to 35% of men and 27% of

women. Type C accounted for 15%-19% of cases. Other options were estimated
at 4-7%. Taking into account the age, four groups were formed for men and
women. At the same time, type A was 41-43% for women, regardless of age,
and 31-40% for men. Type B in men in the age group 1 was detected in 48%.
Type C was 2-4% more common among women in the age groups 2 and 3. In
the older age group of men, type C was 31% and type E was 12% (the most
common). In other age groups, D and E types accounted for 4-7%.
Conclusion. The results obtained contribute to the development of personalized
directions in the treatment of vascular diseases and help to improve minimally
invasive surgical interventions.
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AHATOMWA YHENNOBEKA

Tom 10 (1) 2025

Hayka n UHHOBauUuK B MeauLuHe

AHHOTauus

ITens — 1CTI0NB3Ys METOJ, YJIBTPa3ByKOBOM BU3yallU3allyH, BBISIBUTh Pa3IdUMs
BapUaHTOB CTpoeHus budypkanyy ob1ell COHHOM apTepyy C y4eToM BO3-
PacTHBIX 0COOEHHOCTeH TalieHToB.

Marepuan u Mmeronbl. Hamu ob6cnenoBan 1061 nanueHT (cpegHui Bo3-
pacrt cocraBui 57,0+10,7 roga). C ucnons30BaHKUeM YIbTPa3ByKOBOM BH-
3yaJu3alliM OIIpelelisyICsl aHaTOMUYeCKU BapMaHT CTpOeHus budypxaium
obI1eli COHHOM apTepuH C yU4eTOM PacloJIO)KeHHs] HapY>KHOM Y BHYTpeHHel
COHHBIX apTepuii Ha ypoBHe Bu3yanu3anuH. [lomydeHHble pe3ysbTarTsl ObLIN
CrpyNIMpoBaHbl C yYeTOM BO3pacTa U I10j1a NallMeHTOB U CTaTUCTUYeCKU
obpaboTaHbl.

Pesynbrarsl. Beero usyuyeno 2122 cocyqucTbix komiuiekca (y xkeHiyH 1396,
y MyX4uH 726). OnpefiesieHbl 5 OCHOBHBIX THUIIOB CTPOeHMs OudypKanuu
o611eii conHoi aprepuu (tunsl A — J1). Tun A Haubosee yacTo BcTpedasncs
Cpeny BCeX y4acTHUKOB (1o 42%). Tun b BeIsBisics 10 35% y MyX4UH U

27% cpeny xenmuH. Tun B cocrasisin 15-19% citydaes. JIpyrue BapraHThl
orpenensuich B 4—7%. C ydeTom Bo3pacta 6bu1i chOpPMUPOBAHBI 110 4 IpyII-
IIBI JJIs1 MY>KYMH U KeHIIYH. IIpy 3ToM y jKeHIIMH He3aBUCHMO OT BO3pacTra
T A cocrasisint 41-43%, a mist mysxanH 31-40%. Tun B y My>4rH B riepBoit
BO3pacTHOM rpymnme BeisiBieH B 48%. Tun B Ha 2-4% onpenernsiyics daie
CpeJiy JKeHIIMH B I1epBOM — TpeThel BO3PacTHLIX Ipynnax. B crapimieil Bo3-
pacTHoii rpynmne My>xuuH tMI B cocraBmi — 31% u tun J1 - 12%. B npyrux
BO3PACTHBIX rpynnax tinsl I' u J1 cocrasisimu 4-7%.

3axmodenue. [TomyyeHHEIe pe3yIibTaThl CIIOCOOCTBYIOT Pa3BUTHIO IIEPCOHH-
$UIIMPOBaHHBIX HAlIPaBJIeHHUH B JIedeHUH COCYJJMCTEIX 3ab0/eBaHumi ¥ IOMO-
raloT COBepIIeHCTBOBATh MaJlOMHBa3UBHbIE XMPypPridecKye BMellaTesIbCTBa.
KmoueBnle ci10Ba: BapMaHTHas aHaTOMMS1, COHHbIe apTepyH, yJBTPa3ByKoBasi
BU3Yyalu3aIys.
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m INTRODUCTION
Variable anatomy of the vascular bed demonstrates
the importance of systematization of knowledge for
subsequent successful implementation of results into clinical
practice [1, 2]. The active development of methods of intra-
vital diagnostics and modern data processing technologies
make it possible to find many new features in the structure
of the vascular system [3-5]. The development of minimally
invasive surgical interventions and the expansion of
personalized approaches in medicine require a more in-depth

Normal probability graphs for age distribution, years

Expected normal values

10 20 30 40 50 60 70 BO 90 100 10 20 30 40 50 60 70 8O 90 100

Women Observed values Men

Figure 1. Graphs of the normal probability distribution of participants
by age, taking into account the gender in the observation (the
Shapiro — Wilk W test for women w=0.9674, p=0.0000; for men
w=0.9893, p=0.00004).

PucyHok 1. [pagpuku HopManbHO20 BeposimHOCMHO20
pacnpedeneHus y4aCmHUKOB NO BO3pacmy C y4emoMm nosna B
HabnodeHuu (kpumepudl LLlanupo — Yunka ons xxeHuuH w=0,9674,
p=0,0000; ons myx4uH w=0,9893, p=0,00004).
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and detailed assessment of the main vessels [6—-8]. The neck
area contains the most important main arteries, which are
often the site of development of dangerous hemodynamic
disorders [9, 10]. Ultrasound diagnostics at the current stage
of its development allows not only to evaluate the structure
of the vascular wall and hemodynamic parameters, but also to
obtain extensive information about the anatomy in the field of
visualization [11], and the risk of developing cardiovascular
diseases [12-14].

m AIM

Using the ultrasound imaging method, taking into account
the age characteristics of patients, to identify various structural
variants of the bifurcation of the common carotid artery.

m MATERIAL AND METHODS

The study was conducted using the SonoAce R7 and Logiq
F6 ultrasound diagnostic systems in an outpatient setting.
Linear multifrequency sensors were used for visualization.

((Cerr

A B Cc D E

Figure 2. Structural variants of the bifurcation region of the common
carotid artery in the observation.

PucyHok 2. BapuaHmsl cmpoeHusi obnacmu 6ugypkayuu obwed
COHHoUl apmepuu B HabooeHuuU.

www.innoscience.ru
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Normal probability graphs for age distribution, years
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Figure 3. Graphs of the normal probability distribution of participants by age, taking into account the type of structure of the bifurcation of the
common carotid artery (Shapiro — Wilk W test: type A w=0.9787, p=0.0000; type B w=0.9729, p=0.0000; type C w=0.9701, p=0.0000; type D
w=0.9622, p=0.0044; type E w=0.9913, p=0.4966).

PucyHok 3. [pacbuku HopMasibHo20 BeposimHOCMHO20 pacnpedesieHusi y4aCmHUKOB N0 BO3pacmy C y4emoM muna cmpoeHusi bugypkayuu
obuwel coHHol apmepuu (kpumepul LLlanupo — Yunka: mun A w=0,9787, p=0,0000; mun b w=0,9729, p=0,0000; mun B w=0,9701,
p=0,0000; mun I w=0,9622, p=0,0044; mun ] w=0,9913, p=0,4966).

A total of 1061 people (698 women and 363 men) were
examined. The age of the study participants ranged from 18

Type of

Kolmogorov-Smirnov test with Lilliefors significance
correction

bifurcation
structure

to 88 years, with an average of 57.0+10.7 years.

867

We determined the anatomical variant of the structure of the 1.00 0.080 0.000

. . . o 2.00 0.090 626 0.000
bifurcation of the common carotid artery, taking into account AT O 375 o5
the locat1F)n of. th(—“:' external and internal caro_tld arlterle.s at the 400 0.081 105 0.089
level of visualization. The data were summarized in Microsoft 5.00 0.054 149 0.200

Excel 2007 tables. Statistical data processing was performed
in StatSoft Statistica 10 and IBM SPSS Statistics 20 software
suites.

m RESULTS

By combining data from both sides of the entire
visualization, 2122 carotid bifurcations were analyzed.
Among women, 1396 vascular structures were assessed, and
726 among men. A visual representation of the normal age
distribution among men and women in the work is presented
in Figure 1.

In our study, we used the original system of determining the
structure of the region of carotid bifurcation [3] that comprises

Type of bifurcation structure

A

B 375 251
c 266 109
D 73 32
E 96 53

Table 1. Normality tests for age with respect to the type of structure
of the bifurcation of the common carotid artery

Tabnuya 1. Kpumepuu HopmanbHocmu 0711 BO3pacma C y4emom
muna cmpoeHusi bugypkayuu obweli CoHHoU apmepuu

5 types (Fig. 2): A — median position of the external carotid
artery; B — ventral position of the internal carotid; C — lateral
position of the external carotid artery; D — divergence or
intersection of vessels in the bifurcation region; E — medial
inclination of carotid arteries.

The general data on normal distribution of participants
according to age between men and women is shown in
Fig. 3 and Table 1.

Total number of cases % among participants
[ Womer [ Wen | ol [ Women | Men | T
586 281 867 42 39 40

626 27 35 30
375 19 15 18
105 5 4 5
149 7 7 7

Table 2. Information on the prevalence of various vascular structural variants among all participants in the observation
Tabnuua 2. CsedeHusi 0 pacnpocmpaHeHHOCMU pasiu4HbIX BapuaHmMoB CMpoeHuUsi COCy00B cpedu BCeX y4acmHUKOB HabnodeHus

www.innoscience.ru
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IS N B B
207 126 63 12 12

Proportion in the group, % 49 30 15 3 3

Parameter

Number, people

Table 3. Distribution of the same structural variants of the common
carotid artery bifurcation on both sides among the participants in the
observation

Tabnuya 3. PacnpedenieHue 00UHaKOBbIX BapUAHMOB CMPOeHUSs!
bucpypkayuu obweli coHHol apmepuu ¢ ob6eux CmopoH cpedu
y4aCmHUKOB HabrooeHust

General data on the occurrence of structural variants of
bifurcation of the common carotid artery among participants
in absolute and relative values are shown in Table 2.

The most frequent structural variants of bifurcation are
types A and B. Type A comprises up to 40% of all observed
cases, reaching 42% in women and 38% in men. Type B
comprises up to one third of cases: 35% among men and 27%
among women. Type C is found in one fifth of cases: 19%
among women and 15% among men. Other variants of the
relative position of vessels (D and E), depending on the sex
of patients, were found in 4-7%.

In 420 participants of the study (164 men and 256 women)
similar structural variants of bifurcation of the common carotid
arteries on either side were identified, which comprises 39.6%
of the total data in the observation; the general data follows
in Table 3.

We then analyzed the results obtained taking into account
the gender and age of the patients. The following groups of
study participants were formed as per age periods: Group 1,

Kolmogorov-Smirnov test

_S with Lilliefors significance Shapiro-Wilk W test

® correction

g

é 2 ] ]

55 Sg = g g

53 82 S o2 S

3 B8 | % BE | %

2 av = av =

7} 7]

A 0.280 867 0.000 0.844 867 0.000
B 0.263 626 0.000 0.846 626 0.000
Cc 0.303 375 0.000 0.834 375 0.000
D 0.291 105 0.000 0.837 105 0.000
E 0.264 149 0.000 0.826 149 0.000

Table 4. Normality test for the type of structure of the bifurcation
of the common carotid artery with respect to the age group

Ta6nuuya 4. Kpumepuu HopManbHocmu 0151 muna cmpoeHust
bugypkayuu obwel coHHolU apmepuu ¢ y4emoM Bo3pacmHol
epynnei

Kolmogorov-Smirnov test

with Lilliefors significance Shapiro-Wilk W test

a correction

=

S

y 25 @5 25

¢ i 8% 8%
¥o ¥o o
av av avw

1 0.273 178 0.000 0.770 178 0.000

2 0.253 770 0.000 0.794 770 0.000

3 0.232 1010 0.000 0.818 1010 0.000

4 0.234 164 0.000 0.837 164 0.000

Table 5. Normality test for the age group with respect to the type
of structure of the bifurcation of the common carotid artery

Tabnuuya 5. Kpumepuu HopMansHocmu 0511 Bo3pacmHou epynnbl
€ y4emom muna cmpoeHus 6ugypkauuu obwell CoHHol apmepuu

Normal probability charts for structural variants of bifurcation and categories of age groups

25
20}
15}
1.0
05}
0,0
-0,5

-1,0
0

Group 1

25
20}
15¢
10t
05}
0,0}
05¢}

Expected normal values

-1,0 5 - : - ;
0 1 2 3 4 5
Group 3

60 1 2 3 4 6 6
Group 4

Figure 4. Diagram of the distribution of participants, taking into account the type of structure of the common carotid artery bifurcation and age
group (Shapiro — Wilk W test: group 1, w=0.7703, p=0.0000; group 2, w=0.794, p=0.0000; group 3, w=0.8183, p=0.0000; group 4, w=0.8368,

p=0.0000).

PucyHok 4. [luazpamma pacnpedesieHusl y4aCmHUKOB C y4emoM muna cmpoeHusi bugypkayuu obwell coHHol apmepuu u Bo3pacmHol
epynnbi (kpumepudl LLlanupo — Yunka: nepsasi epynna w=0,7703, p=0,0000; Bmopas epynna w=0,794, p=0,0000; mpemsbsi epynna w=0,8183,

p=0,0000; yemepmas epynna w=0,8368, p=0,0000).
20
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Type of relative position

Gl G2 G5 G6 7 G8
n=100 n=372 n=78 n=398 n=208 n=42
44 159 279 5 28 157 83 3

of vessels

A 7 1 1
(44%) (43%) (41%) (43%) (36%) (39%) (40%) (31%)

B 39 106 172 22 37 140 64 10
(39%) (28%) (26%) (18%) (48%) (35%) (31%) (24%)

c 12 60 137 31 7 50 39 13
(12%) (16%) (20%) (25%) (9%) (13%) (18%) (31%)

D B 19 32 10 5 16 10 1

(5%) (6%) (8%) (6%) (4%) (5%) (2%)

E ) 28 42 7 1 55 12 5

(5%) (8%) (7%) (6%) (1%) (9%) (6%) (12%)

Table 6. Distribution of structural variants of the bifurcation of the common carotid artery, taking into account gender and age group
Tabnuuya 6. PacnpedeneHue BapuaHmoB cmpoeHus bugypkayuu obujell coHHol apmepuu € y4emom nosa u BospacmHol gpynnsbl

youth and I adult period (men and women aged below 35);
Group 2, 1T adult period (men over 35 and below 60, and
women below 55 years of age); Group 3, elderly people (men
over 60 years of age and women over 55 and below 74 years
of age); Group 4, old people (above 75 years of age).

The distribution of structural variants of main vessels in
the region of the common carotid artery bifurcation among
participants from various age groups regardless of their sex is
shown in Fig. 4 and Tables 4 and 5.

The data on the number of identified types of relative
position of vessels in the region of the common carotid artery
bifurcation among women and men are shown in Table 6.

Most frequently, Type A was found among women,
comprising 41-43% of the cases in all age groups. Among
men, this type of relative position of vessels was found least
frequently, in 31% of the cases, in Group 4.

In the male group, Type B was identified more frequently
than in the female group. The largest number of cases was
found in Group 1 of men (48%), and the least number in Group
4 (24%). Among women, this variant of relative position of
vessels in the region of the common carotid artery bifurcation
was 39% of the cases in Group 1, whereas the least number
of cases, 18%, was found in age Group 4.

Type C in Groups 1, 2 and 3 was mound 2-4% more
frequently in women. In Group 4 among men, Type C was
found most frequently comprising 31%.

The remaining types of relative position of vessels (D and E)
made up to 4—7% of the cases across the age groups. The greatest
value for Type E was found in the among men reaching 12%
in Group 4. Type D was not found in women in age Group 1.

m DISCUSSION

The study of the variable anatomy of the main arteries
of the neck is performed by different teams of specialists.
Morphological studies based on pathological examinations
are of special interest. P.A. Samptesov et al. (2012) report
the data of morphological examination of the main arteries
considering individual specifics of the shape of the neck
based on examination of bodies of 97 men [15]. F. Hojaij et
al. (2019) uses the data of 50 pathological examination to
study anatomic peculiarities in the relative position of the
carotid arteries, jugular vein and the vagal nerve [16]. The
undisputed advantage of pathological examination is its
unbiased nature, the possibility of detailed documentation of
the study process, and the possibility of append the results of
studies with histological specimens. Unfortunately, autopsy

www.innoscience.ru

data do not always allow for a full assessment of the functional
relationships that are most relevant in clinical practice.

Great attention is paid to descriptions of dimensional
characteristics of the main arteries of the neck [1]. Many
clinical studies dwell, in much detail, on questions of
diagnosing [2] or specifics of surgical treatment [4, 6].
The variable anatomy of the main arteries is of particular
importance when planning high-tech and minimally invasive
surgical interventions [17-19].

The classification of relative position of vessels, presented
by us, was originally developed to assess the variability
of the main arteries when studying images obtained by
magnetic resonance tomography [3], however, in the process
of practical work it proved well in performing ultrasonic
visualization.

In vascular surgery, the area of intravascular interventions
is rapidly developing [9], allowing for the individual
characteristics of the anatomy of the main arteries to be
taken into account directly at the operating table. Methods
of minimally invasive surgery require refined knowledge of
individual variability of the bloodstream. The region of the
bifurcation of the common carotid artery includes one of the
most important reflexogenic zones of vegetative innervation,
and is the location of the most frequent diagnostic of
significant atherosclerotic changes at the level of the vessel
wall. Contemporary methods of processing of diagnostic
information using computers enable the use of methods of
computer analysis, create realistic three-dimensional models
facilitating surgery planning [20, 21].

The data on age and sex factors associated with varying
anatomy of the main arteries in the region of bifurcation
presented in this paper, combined with ultrasonic
visualization, enable improvement of personalized approach
in medicine [11].

Our study demonstrates the possibility of practical
implementation if a simple, straightforward and effective
method to determine anatomic variants of the structure of the
common carotid artery bifurcation. The relatively large scope
of research allowed for a precise identification of the rare types
(D and E) and formation of participant groups with respect to
their age.

m CONCLUSION

Our study presents the possibilities of ultrasonic
visualization of the anatomical variations in the structure of the
common carotid artery bifurcation. The considerable size of
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our sampling allowed showing the correlations of prevalence
of the different anatomic variants among men and women, and
taking into account the factor of the patients’ age.

In general, typical variants of relative position of the vessels
(types A and B) are most frequent with Type A being prevalent
among women. Type B variant of the vessel relative position
is seen more often in young men. Type C, in its turn, is more
often identified in both men and women, as the age progresses.

Rare types of vessel position (D and E) are identified in 4-7% of
the cases; and only in men of II adult period type E comprised
12% cases.

The presented data are relevant for assessing the
variable anatomy of the main arteries of the neck, allowing
development of personalized directions in the treatment of
vascular diseases and improvement of minimally invasive
surgical interventions. P
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