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Structural-Functional Patterns of Lesions of the Main Arteries of the Head

in Patients with Headache

Abstract

Aim. To study the structural and functional features of the main arteries of the head (MAH) in patients with
migraine (M), tension-type headache (TTH), and cervicogenic headache (CH).

Materials and Methods. A total of 456 patients (18-44 years old; 203 men, 255 women) with various types
of headaches were studied, including M - 124 people, TTH - 186, and CH - 146 people. Using the duplex
scanning method, the structure of the MAH, systolic linear blood flow velocity (Vs), and resistance indices (RI)
in the common carotid (CCA), external carotid (ECA), internal carotid (ICA), and vertebral arteries (VA) in V2
segments were assessed.

Results. Extravasal compression of the vertebral arteries was significantly more prevalent in patients with CH
(43.1 %) and M (29.0 %), while hypoplasia of the vertebral arteries was found equally in these groups. In all
types of headaches, a decrease in velocity indicators and an increase in resistance index values in the VA were
noted. In patients with migraine with aura (MA), extravasal compression and hypoplasia of the vertebral arteries
predominated, and Vs indicators in this group were significantly reduced. Signs of extravasal compression
and the associated decrease in VA hemodynamics were observed in all variants of TTH. Furthermore, signs
of extravasal compression of the VA were detected in a significant proportion of patients with CH, especially
those with cervicocranialgia (CCrA) and Barré-Liéou syndrome (BLS). In BLS, signs of pathological tortuosity
and hypoplasia of the VA predominated. Velocity indices in extracranial segments of the VA were reduced in
patients with CCrA and BLS, and a significant increase in RI values was also observed in the BLS group (0.87 +
0.05; CG - 0.65 + 0.06; p < 0.05).

Conclusions. 1. Patients with M were characterized by the presence of extravasal compressions and a decrease
in Vs in the VA.

2. Hypoplasia of the VA was more common in the group of patients with MA than in M without aura.

3. Patients with TTH had a tendency towards reduced velocity indices in extracranial segments of the VA.

4. Patients with CH manifested extravasal compression of the vertebral arteries.

5. Tortuosity and hypoplasia of the VA, in combination with an increase in RI indices, were characteristic of
patients with BLS

Keywords: main arteries of the head, cerebral hemodynamics, Doppler sonoography, migraine, tension type
headache, Barré-Liéou syndrome.

Introduction. Headache is among the most frequently
reported symptoms associated with various pathological
conditions in contemporary settings. The modern classi-

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

fication of headache (ICHD-III, 2018) distinguishes pri-
mary headaches, which are intrinsic to the disease itself
(migraine, tension-type headache, cluster headaches),
from secondary headaches, in which the headache is a
symptom of a specific pathological process, for example,
cervicogenic headache [1]. Among primary headaches,
migraine (M) and tension-type headache (TTH) are cur-
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rently distinguished by prevalence, whereas among sec-
ondary headaches, cervicogenic headache (CH) is promi-
nent. At the present time, the use of ultrasound diagnostic
methods in the study of various headache types is highly
relevant [2].The features of cerebral hemodynamic dis-
orders in patients with migraine, with and without aura,
both during interictal periods and attacks, have been
studied extensively [3-6]. In patients with M, changes
in arterial vascular tone, reduced reserves of cerebral
blood flow autoregulation, and signs of venous dysgemia
have been documented [7-10]. In TTH, increased tone
in extracranial arteries, decreased tone in intracranial
vessels, reduced cerebral blood flow reserves, and signs
of venous dyscirculation are more commonly observed
[11-13]. In patients with CH, phenomena of reduced
perfusion in the vertebral and basilar arteries have been
reported [14], a finding that was confirmed in our stud-
ies [15]. Certain studies of migraine have also identified
structural changes in the vessels of the vertebrobasilar
basin (hypoplasia), which are considered contributing
factors in migraine pathogenesis [16].

However, existing studies have not examined how
structural changes in the main arteries of the head vary
according to headache type or compared these changes
with hemodynamic factors.

Aim. To investigate the structural abnormalities and
hemodynamic parameters of the main arteries of the
head in young patients with migraine, tension-type head-
ache, and cervicogenic headache.

Materials and Methods. A total of 456 patients (18-
44 years old; 201 men, 255 women) with various types
of headaches were studied, including: migraine - 124 pa-
tients (migraine without aura [MwoA] - 63 patients; mi-
graine with aura [MA] - 61 patients), tension-type head-
ache - 186 patients (infrequent episodic TTH [IETTH] - 68
patients; frequent episodic TTH [FETTH] - 64 patients;
chronic TTH [CTTH] - 54 patients), and cervicogenic
headache - 146 patients (cervicocranialgia [CCrA] - 82
patients; posterior cervical sympathetic Barré-Liéou syn-
drome [BLS] - 64 patients). The structure of the MAH was
studied in triplex mode using an Ultima-PA ultrasound
scanner (RADMIR, Ukraine). Peak systolic blood flow ve-
locity (Vs) and resistance indices (RI) were measured in
the common (CCA), external (ECA), internal carotid (ICA),
and vertebral arteries (VA, V2 segment). The main hemo-
dynamic indicators were compared across the different
clinical groups for each type of headache.

The control group (CG) consisted of 50 clinically
healthy volunteers of both sexes, matched for age. Sta-
tistical analysis was performed using the «Statistica 6.0»
software package. Differences compared with the CG
were considered statistically significant at p < 0.05.

Results and Discussion. Intima-media thickness
(IMT) was observed in a small proportion of patients
(M -12.9 %, TTH - 7.5 %, CH - 9.6 %), with similar pat-
terns noted for the prevalence of small atherosclerotic
plaques (AP) (M - 5.6 %, TTH - 2.7 %, CH - 6.0 %). Ex-
travasal compression of the vertebral arteries was signif-

icantly more prevalent in patients with CH (43.1 %) and
M (29.0 %), supporting the influence of vertebral artery
changes on the development of migraine attacks. In pa-
tients with M and CH, hypoplasia of the vertebral arteries
was observed at similar rates (M - 11.2 %, CH - 11.6 %),
further corroborating this observation. Hypoplasia of
the carotid arteries, as well as tortuosity of the carotid
and vertebral arteries, were observed in individual cases
(Table 1).

Table 1
Structure of MAH lesions in patients with headache
M TTH CH
N=124 N =186 N =146

Intima-media o 9 9
thickness 16 (129 %) 14(75%) 14 (9.6 %)
Hemodynamically

minor APs in the 7(56%) 5(27%  9(6.0%)

carotid arteries

Extravasal
compression of the
vertebral arteries

Pathological

36 (29.0 %) 16 (8.6 %) 63 (43.1%)

tortuosity of the 4(32% 1(0.5%) 5(3.3 %)
carotid arteries

Pathological

tortuosity of the 1(0.8%) 1(0.5%) 9 (6.2 %)
vertebral arteries

Hypoplasia of the

carotid arteries 3(24%) 2(11%) 2 (1.4 %)
Hypoplasiaof the 4 19500 527%) 17(11.6 %)

vertebral arteries

Vs and RI values in the MAH are presented in Table 2.
In patients of all groups, the Vs and RI values in the CCA
and ICA did not differ significantly from the reference val-
ues. The hemodynamic values in the ECA in patients with
TTH and CH generally coincided with the normative val-
ues, the flow rate in patients with M was slightly reduced.
In all clinical groups, a decrease in the velocity values and
an increase in the resistance index values in the VA (M -
Vs -39.8+ 10 cm/s, Rl - 0.73 £ 0.06; TTH - Vs - 36.4
7.2 cm/s, RI - 0.74 £ 0.06; CH - Vs. - 38.1 £ 7.5 cm/s,
RI-0.74+0.07; CG-47.8£10.4,0.65 + 0.06). Changes in
hemodynamics in segments V2 may be due to extravasal
compression and hypoplasia of the VA.

Table 3 shows MAH structure and function data
for migraine patients. A reliable relationship between
migraine attacks and changes in the vertebral arteries has
been shown - mainly with extravasal, usually vertebral,
compression, as well as with hypoplasia in migraine with
aura.

In patients of both groups, the Vs and RI values in the
CCA and ICA did not differ from normative values, nor
did the RI values in the VA in the MwoA group. In the
MA group, VA velocity decreased and RI increased, with
25-30 % of patients exhibiting flow asymmetries in the
CA. Vs values in patients of the MwoA group were also
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Table 2
Vs (cm/s) and Rl indicators in MAH in patients with headache
CCA ICA ECA VA (V 2)

Vs RI Vs RI Vs RI Vs RI
M 77.6%9.4  0.72*0.05 68.7%8.3 0.64*0.06 63.5%9.1 0.76*0.04  39.8%#10.1 0.73*+0.06
TTH 76.4*6.2  0.71+0.04 68.7%9.3 0.64+0.05 68.6+8.4 0.78%0.06 36.4%7.2 0.74+0.06
CH 76.8%9.2 0.71%0.06 68.6%8.3 0.61%0.04 68.4+8.5 0.80%0.04 38.1+75 0.74%0.07
CG 75.6*12.2 0.73*0.05 67.4%14.5 0.6x0.06 69.3x17.6 0.81x0.07 47.8%10.4 0.65 *0.06
moderately reduced. These changes in velocity valuesare ~ Table 3
likely associated with a higher prevalence of tortuosity  Strycture of MAH lesions in patients with migraine
and extravasal compression of the VA in patients with
migraine compared with the control group. Vs and RI MwoA N=63 MA N=61
values in the ECA were slightly reduced in both groups, Intima-media thickness 9 (14.3 %) 7 (11.5 %)
probably due to vessel expansion during the attack and Hemodynamically minor APs 579 %) 233 %

in the post-attack period (Table 4).

Data on the structural state of the MAH in patients
with TTH are presented in Table 5.

In patients with TTH, there were no significant chang-
es in MAH. These changes were mainly detected in all
groups in isolated cases. It is noteworthy that there were
signs of extravasal compression of the CHA in all clini-
cal groups (IETTH group - 5.9 %, FETTH group - 7.8 %,
CTTH group - 12.9 %).

This pattern indicates an association between the oc-
currence of TTH and vertebral pathology, as seen in mul-
tiple clinical cases.

Vs and RI indicators in the MAH are presented in
Table 6. In patients across all groups, Vs and RI values in
the CCA and ICA were generally within normal ranges, with
only Vs in the ECA of patients in the CTTH group slightly

in the carotid arteries

Extravasal compression of

the vertebral arteries 15(23.8 %)

21 (344 %)

Pathological tortuosity of the

) 0,
carotid arteries 5(48%) 1(1.6%)
Pathological tqrtu05|ty of the 1(1.6 %)
vertebral arteries
Hypoplasia of the carotid 1 (1.6 %) 2 (3.2 %)
arteries
Hypoplasia of the vertebral 4 (6.3 %) 10 (16.3 %)

arteries

exceeding that of the control group. In all clinical groups, a
decrease in velocity values in the VA was observed (IETTH:
41.3 + 10.2 cm/s; FETTH: 33.4 + 8.1 cm/s; CTTH: 32.2 +
7.6 cm/s; CG: 47.8 + 10.4 cm/s). These changes in velocity

Table 4
Vs indicators (cm/s) and Rl in MAH in patients with migraine
CCA ICA ECA VA (V 2)
Vs RI Vs RI Vs RI Vs RI
MwoA 78.8%#14.7  0.70*0.07  68.3%*13.2 0.7%0.07 62.8%11.5 0.75%0.06 40.1+12.6 0.69%0.06
MA 76.9%11.3 0.71*0.04 70.7*11.2 0.6+0.05 64.8%13.2 0.76%0.05 36.4%9.5 0.78+0.05*
CG 75.6%12.2  0.73*0.05 67.4%14.5 0.6+0.06 69.3£17.6 0.81+0.07 47.8+10.4 0.65%0.06
Note:*p<0.05
Table 5
Structure of MAH lesions in patients with TTH
IETTH FETTH CTTH
N=6 8 N = 64 N =54
Intima-media thickness 4 (5.9 %) 4 (6.25 %) 6 (11.1 %)
Hemodynamically minor APs in the carotid arteries 3 (4.4 %) 1(1.6 %) 1(1.9 %)
Extravasal compression of the vertebral arteries 4 (5.9 %) 5 (7.8 %) 7 (12.9 %)
Pathological tortuosity of the carotid arteries - - 1(1.9 %)
Pathological tortuosity of the vertebral arteries - - 1(1.9 %)
Carotid artery hypoplasia - 1(1.6 %) 1(1.9 %)
Hypoplasia of the vertebral arteries 2 (2.9 %) 1(1.6 %) 2 (3.7 %)
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Table 6
Indicators Vs (cm/s) and Rl in MAH in patients with TTH
CCA ICA ECA VA (V2)
Vs RI Vs Vs RI Vs RI
IETTH 74.3¥10.2  0.72#0.04  70.1¥9.4  0.67%0.05 66.3+8.9 0.8+0.05 41.3+10.2 0.77+0.08
FETTH 77.2%#84  0.70*0.03  65.8+10.7  0.58%0.04 67.5%9.1 0.77%0.04 33.4%8.1 0.75+0.04
CTTH 79.7£#104  0.69%0.06 72.3%7.7  0.72%0.04 70.5%9.3 0.78+0.05 32.2£7.6 0.71%0.06
CG 75.6%12.2  0.73*0.05  67.4*14.5 0.6%0.06 69.3%7.6 0.81+0.07 47.8+10.4 0.65+0.06
Table 7
Structure of MAH lesions in patients with CH
CCrA BLS
N=82 N=64
Intima-media thickness 8 (9.7 %) 6 (9.4 %)
Hemodynamically minor APs in the carotid arteries 6 (7.3 %) 3 (4.7 %)
Extravasal compression of the vertebral arteries 37 (45.1 %) 26 (40.6 %)
Pathological tortuosity of the carotid arteries 2 (2.4 %) 3 (4.7 %)
Pathological tortuosity of the vertebral arteries 4 (4.8 %) 5 (7.8 %)
Hypoplasia of the carotid arteries 2 (2.4 %) -
Hypoplasia of the vertebral arteries 7 (8.5 %) 10 (15.6 %)
Table 8
Indicators Vs (cm/s) and Rl in MAH in patients with CH
CCA ICA ECA VA (V2)
Vs RI Vs Vs RI Vs RI
CCrA 76.4%10.2 0.70+0.07 70.1+9.6  0.61*0.05 70.3%8.1 0.78+0.05 40.1+12.6 0.69+0.06
BLS 77.8%10.3 0.72+0.04  68.3*10.2  0.62*0.05 66.7+10.3  0.79%0.05 36.4%9.5 0.87+0.05*
CG 75.6%12.2 0.73%0.05 67.4%14.5 0.6£0.06 69.3+11.5 0.81*0.07 47.8+10.4 0.65%0.06

Note:*p < 0.05

may be associated with extravasal compression of the VA
in patients with CTTH.

Table 7 presents data on the structural and functional
state of the MAH in patients with CHB.

Manifestations of extravasal compression of the spinal
cord were observed in a significant proportion of patients
in both clinical groups (CCrA - 37 patients, 45.1 %; BLS -
26 patients, 40.6 %). The similar prevalence of this
pathology in both groups suggests that vertebrogenic
cephalgic syndrome may be indicative of vertebral
artery compression syndrome. Notably, the prevalence
of pathological tortuosity of the vertebral arteries was
higher in the BLS group compared with the CCrA group
(7.8 % vs. 4.8 %), as was the prevalence of vertebral artery
hypoplasia (15.6 % vs. 8.5 %). This pattern indicates an
association of Barré-Liéou syndrome with structural
abnormalities of the vertebral arteries and, consequently,
with extravasal effects on the spinal vegetative plexus.

Vs and RI values in the CCA, ICA, and ECA were
within normal ranges. Velocity indices in the extracranial
segments of the VA were reduced in both CCrA

(40.1+12.6 cm/s; CG-47.8+10.4 cm/s) and BLS (36.4

9.5 cm/s; CG - 47.8 + 10.4 cm/s). Both groups also

showed increased RI indices: CCrA - 0.69 + 0.06 (CG -

0.65 + 0.06); BLS - 0.87 + 0.05 (CG - 0.65 * 0.06;

p < 0.05). These changes can likely be explained by the

high prevalence of extravasal compression, as well as

tortuosity and hypoplasia of the extracranial segments of

the VA in this patient population (Table 8).
Conclusions

1. Patients with M were characterized by the presence
of extravasal compressions and a decrease in Vs in the
VA.

2. Hypoplasia of the VA was more common in the group
of patients with MA than in M without aura.

3. Patients with TTH had a tendency towards reduced
velocity indices in extracranial segments of the VA.

4. Patients with CH manifested extravasal compression
of the vertebral arteries.

5. Tortuosity and hypoplasia of the VA in combination
with an increase in RI indices were characteristic of
patients with BLS.
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CrpyKTypHO-(pYHKLiOHaNbHI NAaTepHU ypaXKeHb MaricTpasibHUX apTepiit rosIoBu1 y NALEHTIB
3 ronoBHuM 6onem

Kanawmnikos B. .1, CrosHos O. M.2, Onps €. B.2 MenbHuk 0. B.?

1XapKiBCbKUIt HaLLiOHANbHWIA MeAWUYHMI YHiBEpCUTET, M. XapkiB, YkpaiHa
20pecbKuii HauioHanbHUIt MeAMYHMIA yHiBepcuTeT, M. Opeca, YkpaiHa
*KOHCYNbTaTUBHO-AiarHOCTUYHMI MeanuHuii LeHTp TOB Neuro-Cardio Lab., M. Oneca, YkpaiHa

Pesome

MeTa. BUBUYeHHs CTPYKTYPHHUX Ta QYHKLIiOHAJbHUX 0COBJMBOCTEN MaricTpasbHUX apTepii rososu (MAD) y
nauieHTiB 3 MirpeHHto (M), rooBuuM 6osieMm Hanpyru ('BH) Ta nepBikoreHHUM rosioBHUM 6oJieM (1II'B).

Marepianu Ta Mmetogu. byso nociigpkeno 456 nauieHTiB Mosionoro Biky (18-44 pokwu; 4osioBikiB — 203, xi-
HOK - 255) 3 pi3HUMHU BU/JaMU ToJIoBHOTO 60Jit0: M - 124 nanientn, FBH - 186 nauienTis, lII'B - 146 nauieHTiB. 3a
JIOIIOMOT'0}0 MeTO/ly AYIIJIEKCHOTO CKaHyBaHHs OLiHIOBaaca cTpyKkTypa MAI' Ta Noka3HUKM CUCTOJIIYHOI JIiHIAHOI
mBUAKOCTI KpoBOTOKY (Vs) i infexcu pesuctenTtHocTi (RI) y 3aranbaux (3CA), 30BHimHIX (30CA), BHyTpilHiX co-
HHUX (BCA) i xpebeTHUX apTepisx (XA) y cermeHTax V2.

Pe3synbraTu. EKcTpaBasasibHa KoMIpecis xpeGeTHUX apTepidl Oysa 3HAYyHO mNoluvpeHa y manieHTiB 3 LI'b
(43,1 %) Ta M (29,0 %), npu uboMy rinomnsasis XA y nux rpynax crocrepirasacs ogHakoBo 4acTo. [Ipy Bcix BUgax
roJIOBHOT'0 GOJIIO BiJI3HAYaI0Cs 3HMXKEHHS LIBU/KICHUX MOKAa3HUKIB i mifBuieHHs 3HaueHb Rl y XA. Y nauieHTiB
3 MirpeHH1o 3 aypoto (MA) nepeBakayii eKCTpaBa3asibHa KOMIpecis Ta rinomnsasis XA, nokasHuky Vs y il rpymi
Oy 3HAYHO 3HIKeHi. O3HAKU eKCTpaBasaibHOI KoMIpecii Ta MOB’si3aHe 3 IIUM 3HIKEHHS reMoAWHaMikud XA
cnocrepiraauca npu Bcix BapianTax 'BH. Takox 03Haku ekcTpaBasa/ibHOi koMnpecii XA BUSABJAAJNCA Y 3HAYHOI
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yactuHuU nanieHTis 3 [II'B, 30kpema npu nepBikokpaniasrii (LIKA) ta cungpomi bappe-Jl'ey (CBJI). [Ipu CBJI nepe-
BaXKaJIM 03HAKH NaTOJI0Ti4HOI 3BUBUCTOCTI Ta rinomniasii XA. [lIBuiKicHI MOKa3HUKU B eKCTpaKpaHiaJIbHUX CETMeH-
Tax XA 6ysiu 3HMKeHi y nanieHTiB 3 UKA Ta CBJI, npu 11boMy crioctepiranocs A0CTOBipHe MiJIBULIeHHS 3HauyeHb RI
y rpyni CBJI (0,87 £ 0,05; KI' - 0,65 + 0,06; p < 0,05).

BucHOBKM

1. [lna nayieHTiB 3 M xapakTepHa HasgBHICTb eKCTpaBa3a/lbHUX KOMIpeCii Ta 3HMKeHHA Vs y XA.

2.Y rpyni nauieHTiB 3 MA rinonsasis XA 3yctpivasacs dacriuie, Hixk npu M 6e3 aypu.

3.Y naunienTiB i3 'BH cnoctepiraetbcsa TeHAeHIis [0 3HUKEHHS LIBU/IKICHUX TOKAa3HUKIB B eKCTpaKpaHiaJlbHUX
cermeHTax XA.

4.V nauienTis 3 LII'B Big3Havyasacs HasgBHICTb eKCTpaBa3aJibHUX KoMIpeciil XA.

5. 3BUBHUCTICTH i rinomnJiasis XA B Ho€HaHHI 3 MiABUIIEHHAM MOKa3HUKIB RI 6y xapakTepHi AJis nalieHTiB i3
CBJI.

Kamwuoei caoea: mazicmpaavHi apmepii 2os108u, yepebpaibHa zemoduHamika, donaepozpadis, miepeHs, 20/10-
8HUl 6iab Hanpyau, cuHOpom Bappe-Jlvey.
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