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АННОТАЦИЯ 
В статье представлена эффективность бальнеологической коррекции гемореологических параметров у пациентов с факторами риска 

развития сосудистых заболеваний головного мозга на амбулаторно-поликлиническом этапе медицинской реабилитации. Включение 
бальнеологических преформированных немедикаментозных технологий на основе ванн в программы медицинской реабилитации 
пациентов трудоспособного возраста с факторами риска острых нарушений мозгового кровообращения является действенным, 
высокоэффективным и безопасным методом первичной профилактики цереброваскулярных катастроф. Этот метод должен широко 
внедряться как на санаторно-курортном, так и амбулаторно-поликлиническом этапе медицинской реабилитации.  

Ключевые слова: сосудистые заболевания головного мозга, гемореологические параметры, бальнеологическая коррекция, 
медицинская реабилитация. 
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Introduction. One of the most important tasks of clinical medicine 

at the present stage is the ability to prevent the development of acute 
cerebrovascular disorders in persons of working age at the stages of 
premorbid development of cardiovascular diseases, which is currently a 
dominant factor in the national security of the Russian Federation. 
Numerous studies show that the leading etiopathogenetic factors of 
ischemic strokes are thromboembolic, the formation of which directly 
depends on the state of hemorheology.  

To ensure adequate systemic blood flow and microcirculation in the 
vessels of the cerebrovascular system, it is pathogenetically important 
to ensure adequate deformability of erythrocytes, i.e., the realization of 
their hemorheological function [1, 3, 6]. In the pathogenesis of vascular 
diseases of the brain and cerebral catastrophes, the rheological 
properties of erythrocytes play a crucial role, since it is the phenomenon 
of red blood cell sludge, i.e., their pathological tendency to 
hyperaggregability, that is an important trigger for thrombinogenesis in 
the main vessels of the cerebral vascular bed [2, 8, 9]. The involvement 
of red blood cells, and more specifically the manifestation of their 
hemorheological properties in the processes of thrombinogenesis, the 
formation of vascular diseases, and vascular catastrophes in the brain, is 
determined by the process of irreversible thrombinogenesis [4, 7, 16]. 
This factor plays an important role in the mechanism of erythrocyte 
aggregation and participates in the regulation of fibrinogen levels in 
blood plasma. Therefore, the diagnosis of red blood cell aggregation 
parameters is important in vascular pathological conditions of the brain 
[11, 12]. The literature on the etiopathogenesis of cerebrovascular 
diseases contains data on the leading role of the platelet link in 
hemostasis, however, information on the hemorheological 
characteristics of erythrocytes is scattered and practically 
unsystematized, although the hemocoagulation status of erythrocytes is 
the most important link in the risk of developing acute cerebrovascular 
accident [10, 15]. Therefore, determining the parameters of erythrocyte 
aggregation for monitoring the quality of treatment and medical 
rehabilitation of patients with cerebrovascular diseases is of great 
clinical, expert, and prognostic importance. 

The therapeutic and health-improving mechanisms of such 
balneotherapy (natural and preformed) rehabilitation technologies as 
radon, iodine-bromine, and general carbon dioxide baths for angina 
pectoris, ischemic heart disease, metabolic syndrome, and post-
infarction rehabilitation of patients after a stroke or myocardial 
infarction. According to various scientific research views, in vascular 
diseases of the brain, they have antioxidant, sedative, homeostasis-
regulating, antiaggregant, antihypoxant, metabolic, hypolipidemic, and 
other effects [5, 17]. However, there is no specific data in the available 
literature on the effect of balneotherapeutic factors on the correction of 
homeostasis in patients at high risk of ONMC. In view of this, the aim 
of our study was to investigate the effect of balneotherapeutic preformed 
factors on the possibility of correcting hemorheological disorders in 
patients with early initial manifestations of cerebral circulation 
insufficiency and risk factors for cerebrovascular accidents at the 
outpatient-polyclinic stage of medical rehabilitation. 

 Materials and methods. During the outpatient stage of medical 
rehabilitation at the rehabilitation department of polyclinic No. 1 in Ufa, 

the clinical and neurological manifestations of early forms of cerebral 
circulation insufficiency and hemorheological parameters were 
analyzed in 200 men of working age. When visiting the polyclinic, the 
majority of patients (152 out of 200) complained of increased fatigue 
when performing their professional duties, a feeling of heaviness in the 
head, headaches, often against a background of normal blood pressure, 
noise in the head, photopsia, decreased working memory and attention, 
sleep disturbances, and unexplained mood swings. Mainly in middle-
aged patients with the above complaints, symptoms of cranial nerve 
dysfunction, impaired coordination of movements, anisoreflexia of 
tendon and periosteal reflexes, and isolated pseudobulbar reflexes were 
detected. 

All this allowed us to diagnose the initial manifestations of cerebral 
circulation insufficiency and the first stage of discirculatory 
encephalopathy in the patients we observed, which was subsequently 
confirmed by instrumental diagnostic methods (rheoencephalography, 
ultrasound Dopplerography of the main vessels of the head artery). 

Three clinical groups were subjected to a randomized study: 1st 
group of patients (25 people) received general carbon dioxide baths 
every other day against the background of basic therapy, as well as 
endonasal electrophoresis of a 2% ceruloplasmin solution, which was 
administered from the anode [13, 14]. The course consisted of 10 
procedures every other day. The second group of patients (25 people) 
received radon baths every other day against the background of basic 
therapy, as well as endonasal electrophoresis with a 2% ceruloplasmin 
solution, which was administered from the anode [13, 14]. The course 
consisted of 10 procedures every other day. 

The third group of patients (25 people) received iodine-bromine 
baths every other day against the background of basic therapy, as well 
as endonasal electrophoresis with a 2% ceruloplasmin solution, which 
was administered from the anode [13, 14]. The course consisted of 10 
procedures every other day. 

The control group (20 people) consisted of practically healthy 
individuals who complained of headaches, increased fatigue, and low 
mood. 

Erythrocyte aggregation parameters were determined using a 
method developed by Prof. V. Lyusov (N.I. Pirogov Russian National 
Research Medical University, Ministry of Health of Russia) on an 
aggregometer manufactured by the Moscow Experimental Medical 
Equipment Plant [10]. 

We studied hemorheological parameters before and after treatment 
and tracked their dynamics 6 months after the course of treatment. 

Statistical analysis of the data was performed using standard 
software packages Statistica and Excel. Two independent samples were 
compared using the Mann-Whitney test. The results were considered 
reliable at p ≤ 0.05. 

Research results. Our biochemical screening of the dynamics of 
hemorheological parameters in the examined patients revealed the best 
dynamics of hemorheological parameters in the third group of patients 
when iodine-bromine baths were included in the basic therapy complex 
(Tables 1, 2, 3).

Table 1  
Dynamics of hemorheological parameters in patients in group 1 before and after treatment 

 

Hemorheological 
parameters, % 

Control 
(n=20) 

Group 1 (n = 25) 
before 

treatment after treatment in 6 months 

мин. А 6,75+0,1 14,2+0.4* 13,3+0,2** 8,1+0,12*** 
мах.А 35,18+0,07 42,24+0,11* 40,2+0,3** 37,2+0,05*** 

Second wave А 38,4+0,2 43,2+0,11* 40,4+0,11** 39,2+0,12*** 
D(disaggregation) 80,9+0,4 36,67+0.1* 48,2+0,1** 53,2+0,08*** 

* Significance of differences compared to control (Р≤0,05) 
** Significance of differences compared to pre-treatment parameters (Р≤0,05) 
*** Significance of differences compared to parameters after treatment (Р≤0,05) 
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As can be seen from the data we obtained, the inclusion of a course 
of general carbon dioxide baths in the complex treatment of the patients 

examined only slightly improves hemorheology indicators, which, 
however, are far from normal control values (P≤0.05) (Table 1). 

Table 2   
Dynamics of hemorheological parameters in patients in group 2 before and after treatment 

 

Hemorheological 
parameters, % 

Control 
(n=20) 

Group 2 (n=25) 
before 

treatment after treatment in 6 months 

мин. А 6,75+0,1 14,2+0.4* 11,2+0,11** 10,2+0,03*** 
мах. А 35,18+0,07 42,22+0,11* 39.0+0,2** 38,0+011 

Second wave А 38,4+0,2 43,2+0,11* 42.8+0,15** 41,1+0,1*** 
D (disaggregation) 80,9+0,4 36,71+0.1* 65,3+0.13** 69,0+0,13*** 

* Significance of differences compared to control (Р≤0,05) 
** Significance of differences compared to pre-treatment parameters (Р≤0,05) 
*** Significance of differences compared to parameters after treatment (Р≤0,05) 
 
Our research results indicate that the inclusion of a course of radon 

baths in the complex treatment of the examined patients also improves 
hemorheological parameters to some extent, as in group 1, but their 

results only reach sub-control values, which slightly improves the anti-
aggregation parameters of red blood cells (P≤0.05) (Table 2). 

Table 3   
Dynamics of hemorheological parameters in patients in group 3 before and after treatment 

 

Hemorheological 
parameters, % 

Control 
(n-20) 

Group 3 (n=25) 
before 

treatment after treatment in 6 months 

мин. А 6,75+0,1 14,2+0.4* 8,13+0,15** 7,4+0,3*** 
мах.А 35,18+0,07 42,24+0,11* 37,3+0.11** 36,2+0,12*** 

Second wave А 38,4+0,2 43,4+0,11* 39,9+0,3** 39,0+0,5 
D (disaggregation) 80,9+0,4 36,73+0.1* 75,3+0,11** 79,2+0,13*** 

* Significance of differences compared to control (Р≤0,05) 
** Significance of differences compared to pre-treatment parameters (Р≤0,05) 
*** Significance of differences compared to parameters after treatment (Р≤0,05) 
 
We observed the best dynamics of blood rheological parameters in 

the third group of patients when iodine-bromine baths were included in 
the treatment regimen. At the same time, a pronounced positive dynamic 
of correction of the antiaggregatory properties of erythrocytes is 
detected immediately after treatment and persists six months after the 
course of treatment (P≤0.05) (Table 3). 

Thus, the inclusion of such highly effective medical rehabilitation 
technologies as iodine-bromine baths and endonasal electrophoresis 
with ceruloplasmin in the rehabilitation program, against the 
background of conventional therapy for patients with proven risk factors 
for cerebrovascular accidents, significantly improves the 
hemorheological potential of erythrocytes, which is manifested by a 
decrease in the levels of maximum and minimum aggregation of red 
blood cells, the indicator of the second wave of erythrocyte aggregation, 
and normalization of the indicator – the «disaggregation coefficient». 
The above indicators reached control values specifically in patients in 
group 3 when iodine-bromine baths were included in the treatment 
course (P≤0.05). 

A significant reduction in the level of aggregated erythrocytes, 
manifested by a decrease in minimum and maximum aggregation in the 
patients we examined, will better ensure blood flow, especially in the 
vessels of the microcirculatory bed, while a large percentage of 
disaggregated red blood cells will lead to a significant increase in their 
deformability and oxygen transport function. This ultimately 
contributes to the prevention of ischemic disorders in the 

microcirculatory vessels, provides pronounced antiaggregant and 
antithrombotic effects, and ultimately guarantees the absence of the 
threat of life-threatening cerebrovascular accidents. An important 
finding was the prolongation of the antiplatelet effect 6 months after the 
course of treatment, which indicates the advisability of multiple and 
repeated procedures of non-drug therapy, which is safe in terms of the 
absence of pharmacological aggression, polyvalent drug allergies, and 
is economically inexpensive. We found a direct correlation (r=0.11) 
with functional indicators of cerebral blood flow dynamics in patients 
in group 3 during ultrasound duplex scanning of the main arteries of the 
head (linear blood flow velocity, Vm growth rate in the middle cerebral 
artery basin, and other indicators). 

In patients from all three groups, and clinically predominantly in 
group 1, after treatment there was a reduction in the severity of noise in 
the head, fatigue, headache, memory impairment, dizziness, sleep 
disturbances, normalization of blood pressure indicators, and 
improvement in mood. 

Thus, in patients of working age with risk factors for the progression 
of early forms of cerebral circulation insufficiency, the inclusion of 
endonasal electrophoresis with ceruloplasmin solution in combination 
with iodine-bromine baths in comprehensive rehabilitation programs is 
an effective, highly efficient, and safe method of preventing 
cerebrovascular accidents. This method can be more widely used both 
in sanatorium-resort and outpatient-polyclinic stages of medical 
rehabilitation.
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