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Abstract: Transcranial Doppler ultrasonography was used to examine 65 young patients with symptomatic posttraumatic partial
epilepsy. Cerebral arterial blood flow velocity and reactivity to functional stress were assessed. Hyporeactivity to vasoconstrictor
stress was observed in all clinical groups. Depletion of vasodilator responses was observed in patients with subcompensation and
decompensation of the disease. Patients with frequent epileptic seizures showed a significant decrease in reactivity to orthostatic
stress. Mild hyperreactivity to the antiorthostatic test was detected in the group of patients with clinical compensation. The
hyporeactivity to functional stress in patients with epilepsy is due to the possible parasympathetic influence of the suprasegmental

autonomic nervous system.

Keywords: Transcranial Doppler sonography, cerebrovascular reactivity, posttraumatic epilepsy, cerebral hemodynamics.

Introduction

One of the most common consequences of traumatic brain injury
(TBI) is posttraumatic epilepsy (PTE), which develops within 3 to
18 months from the time of injury, whether first or repeated [1,2].
Worldwide, TBI is the leading identified cause of symptomatic
epilepsy in young adults.

Convulsions in PTE are accompanied by changes functional
indicators organisms that are regulated autonomic nervous system
(ANS) [3,4]. Violations regulations precede hemodynamic |,
metabolic , energetic violation and can be early prognostic sign
probabilities development of PTE due to suffered TBI [5].

The state of cerebral hemodynamics in patients with PTE is an
important mechanism for ensuring the vital activity of the brain.

An epileptic seizure occurs as a result of excessive neural
discharges that can affect either part of the brain or spread to the
entire brain [6]. The presence of changes in cerebral
hemodynamics in patients with epilepsy makes the use of
Transcranial Doppler Sonography (TDS) relevant, since the
method allows obtaining reliable information on the velocity
characteristics of the flow in cerebral vessels and the state of
cerebral hemodynamics [7]. The use of TDS with the application
of various functional loads of physical and chemical nature seems
promising [ 8 1.

Today, it seems valuable to study cerebrovascular reactivity in
young patients with PTE.
Objective

To study the state of cerebral hemodynamics and vascular
regulation using the TDS method.
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Materials and Methods

A total of 65 patients with PTE aged 20 to 45 years were
examined. According to the frequency of partial epileptic seizures,
patients were divided into 3 groups: Group 1 — 22 patients with a
frequency of 2-3 seizures per month; Group 2 — 24 patients with a
frequency of 1 seizure every 1.5 — 2 months; Group 3 — 19 patients
with clinical remission for 6 months.

The control group (CG) consisted of 20 healthy subjects of the
same gender and age. Cerebral hemodynamics were studied using
an Ultima - PA ultrasound scanner manufactured by RADMIR
(Kharkiv, Ukraine). Time-averaged maximum blood flow velocity
(TAMX) was measured in the anterior (ACA), middle (MCA),
posterior (PCA), vertebral (VA), and basilar (BA) arteries. A
pulsed transducer with a carrier frequency of 2 MHz (for
transcranial imaging) was used.

The state of cerebrovascular reactivity was assessed using the
following functional loads:

1) hypercapnic load — voluntary breath holding for 40-60 sec; using
the reactivity coefficient to hypercapnic load — CrCO2.

2) hyperventilation load — intensive breathing for one minute;
using the reactivity coefficient to hypocapnic load — CrO2.

3) orthostatic and antiorthostatic loads using the reactivity
coefficients for orthostatic and antiorthostatic loads - CrOL and
CrAOL.

Young patients with no history of cerebrovascular diseases or
focal brain pathology (according to MRI data) were selected for the
study.

This is an open access article under the CC BY-NC license

© @@]ﬂ



https://wasrpublication.com/index.php/wjams/
http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-7012-1698
https://orcid.org/0000-0003-3223-7195
https://orcid.org/0000-0001-8585-2517
https://orcid.org/0000-0002-3375-0452
https://orcid.org/0009-0005-6681-1548

Results and Discussion

The study of TAMX velocity indicators in cerebral arteries
revealed the following patterns (Table 1).

In the first group of patients, no significant differences in TAMX
values were observed compared to the control group. TAMX
asymmetry in the major arteries of the head was observed in 39.6%
of patients; in some patients, the degree of TAMX increase
indicated vasospasm in individual vascular beds. A tendency
toward vasospasm was observed in patients who were examined
after seizures and was noted in the MCA in 21.2% of patients and
in the VA in 19.5%. A vasospastic reaction was observed only in
patients who were examined shortly after the onset of a grand mal
seizure or a series of seizures.
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In patients of the 2nd group, TAMX in the MCA and ACA did not
differ from the normal values. In 30.6% of patients, TAMX
asymmetry was detected in the cerebral arteries (25-30%). In
19.3% of patients, TAMX in the BA and one of the VA was
moderately increased, in 17.% it was decreased, and in 12.2%,
TAMX was increased in both VAs. Asymmetry was observed in
the ACA in 8.6% of patients, in the MCA in 13.4%, in the PCA in
14.6%, and in the VA in 18.2%.

In patients of group 3, no significant differences in TAMX
parameters from the norm were observed. Vasospastic reactions in
the vertebrobasilar system vessels occurred in 16.5% of patients,
and vasodilatory reactions occurred in 15.2%. Blood flow
asymmetry (25-30%) in the MCA was observed in 13.4% of cases,
in the VA —in 16.6%, and in the PCA —in 20.1%.

Table 1. TAMX values (cm/s) in intracranial arteries in patients with epilepsy.

MCA ACA PCA VA BA
CG 61.6+11.2 48.9+6.7 38.5+7.7 36.8+10.3 38.5+11.4
Group 1 58.8+9.4 42.8+8.4 40.4+6.2 35.1+12.7 36.7+9.2
Group 2 60.7+9.1 47.4+47.2 43.3+7.4 35.6+6.1 39.8+8.1
Group 3 62.0£7.2 45.4+11.9 44.0+6.3 36.5+7.3 38.8+6.2

*p<0.05

In the subjects of the control group, the CVR indices were: CrOL -
0.87+0.07; CrAOL - 1.15+0.04; CrCO2 - 1.36+0.07; CrO2 -
0.52+0.08. The values of these indices in patients of clinical groups
1, 2 and 3 that were outside the confidence interval in relation to
the control group were interpreted as hyperreactivity and
hyporeactivity (Table 2). A change in the direction vector of the
TAMX reaction during exercise was interpreted as CVR inversion.

The CrCO2 values in the 1st and 2nd groups of patients were lower
than those in the control group (1.21+0.05 in the 1st group and
1.22+0.03 in the 2nd group; p<0.05). The CrCO2 values in patients
of the 3rd group were identical to those in the control group.

Patients exhibit two types of autoregulatory responses to CO2
loading: hyperreactive and hyporeactive. This trend is most

Table 2. Cerebrovascular reactivity indices in patients with epilepsy

pronounced in clinical groups 1 and 2. The hyporeactive response
is predominant, occurring in 61.5% of patients in group 1 and
48.4% in group 2. In group 3, normoreactivity was predominant
(90.3%).

The CrO2 values were: 0.38+0.05 in group 1, 0.36+0.06 in group
2, and 0.44+0.03 in group 3. Hyporeactivity also predominated in
all clinical groups (55.8% in group 1,86.2% in group 2, and 72.7%
in group 3). Thus, a moderate decrease in vasoconstrictor reserve
was characteristic of all groups of patients with epilepsy, regardless
of the degree of compensation. It can also be concluded that a
decrease in the vasoconstrictor component reserves is more
significant for patients than similar changes in the vasodilator
component.

CrCO2 CrO2 CrOL CrAOL
CG 1.36+0.03 0.52+0.04 0.87+0.04 1.19+0.04
Group 1 1.21+0.05* 0.38+0.05* 0.73+0.05* 1.18+0.04
Group 2 1.22+0.03 * 0.36+0.06 * 0.73+0.04* 1.17+0.06
Group 3 1.31+0.05 0.44+0.03* 0.86+0.05 1.27+0.03*

*p <0.05

The neurogenic mechanism of autoregulation was studied using an
orthostatic test. TAMX values in the MCA were compared at rest
and during orthostatic loading. A decrease in TAMX in the MCA
of more than 10 % was interpreted as "orthostatic instability."

In the control group, orthostatic stability (OS) was noted in 91.7 %,
in the 1st group in 57.8%, in the 2nd group in 66.8%, in the 3rd
group in 84.9%.

A decrease in the prevalence of OU in this category of patients
indicates changes in the functional state of the brain stem structures
that carry out central regulation of blood circulation.

The CrOL in the control group was 0.87+0.04. In patients of
groups 1 and 2, CrOL levels were reduced and amounted to
0.73+0.05 and 0.73+0.04, respectively. These changes were most
likely due to the significant parasympathetic influence present in
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this category of patients. Significant decrease in CrOL levels in
patients in Group 3 compared to the control group (0.86+0.05).
This result correlates with the autonomic support indicators,
indicating the absence of signs parasympathicotonia in the 3rd
clinical group.

CrAOL values in groups 1 and 2 (1.184+0.04 and 1.17+0.06) did not
differ significantly from those in the control group (1.19+0.04).
Mild hyperreactivity to the antiorthostatic load was observed in
group 3 patients (1.27+0.03). This hyperreactivity is most likely
due to sympathicotonia , which was observed in a significant
proportion of patients in group 3 according to the autonomic status
study.

Thus, patients from all clinical groups showed changes in reactivity
to hypercapnic, hypocapnic , orthostatic and antiorthostatic loads
in both vascular basins, which is associated with disturbances in
the metabolic and neurogenic circuits of cerebral blood flow
regulation.

Conclusions

1. A study of background cerebral hemodynamics in epilepsy
patients revealed no statistically significant changes in arterial
blood flow. Some patients, primarily after frequently recurring
seizures, experienced functional asymmetries in cerebral blood
flow velocity and vasospastic reactions.

2. Hyporeactivity to vasoconstrictor loads was observed in all
clinical groups. Depletion of vasodilator responses was observed in
patients with subcompensated and decompensated disease.

3. In patients with frequent epileptic seizures, a significant
decrease in reactivity to orthostatic stress was observed.

4. The hyporeactive response to functional loads in patients with
epilepsy is probably due to the possible parasympathetic influence
of the suprasegmental autonomic nervous system.
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