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Abstract 

Background. An abrupt increase in the length of the rehabilitation period 

for acute poisoning (AP) is usually associated with concurrent 

pneumonia. In AP with psychopharmacological agents (pPPAs) we found 

a decreased tendency of platelets to spontaneous activation and 

hyperactivation, the pathology course being more favorable course 
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against the background of vibroacoustic therapy (VAT). However, there 

are no detailed clinical and laboratory studies of VAT in various APs.  

The objective was to improve the efficacy of patient treatment for acute 

respiratory viral infection in a toxicological hospital by including VAT in 

the complex of therapeutic measures. 

Material and methods. Thirty two patients with pPPAs, with 

neurotoxicants (pNTs) and corrosive substances (pCSs) complicated by 

pneumonia were studied. The main group consisted of 19 patients in 

whom VAT was used (2–9 daily sessions of 5 minutes each); and 13 who 

received only the basic therapy made the comparison group. 

Hemorheology parameters, morphofunctional status of erythrocytes and 

platelets, as well as endotoxicosis were assessed in the blood of all 

patients before VAT initiation and 1–2 days after VAT completion. 

Results. In the main group, VAT made a moderate positive effect on 

hemorheology: a decrease in the initially increased (relative to normal) 

aggregation of red blood cells in motion (by 1.2 times) and an increase in 

the initially reduced (relative to normal) blood viscosity at shear rates of 

2.5 s-1 and 62.8 s-1 (by 1.15 and 1.1 times, respectively); the impedance 

aggregometry revealed a statistically significant (p<0.05) 1.5-fold 

increase in platelet aggregation; their count increased (1.1-fold). At the 

same time, a statistically significant decrease (by 1.3 times) in the count 

of platelets with damaged membranes (p=0.03) and the elimination of the 

platelet tendency to spontaneous activation (p=0.04) were revealed. 

Among the standard indicators of endotoxicosis, there was a decrease in 

the leukocyte intoxication index (1.3 times) and blood leukocyte count 

(1.2 times). The VAT effect on the endotoxicosis severity was the greatest 

when assessed in terms of toxemia cellular component parameters: a 

statistically significant (p<0.05) decrease in the relative number of dead 

leukocytes (1.4 times) with the stabilization of their absolute count and an 



 

increase in the blood content of CD14+HLA-Dr+-monocytes (1.3 times). 

The VAT use significantly improved the AP course: in general, the length 

of pneumonia period decreased statistically significantly (p<0.05) (by 1.7 

times) and the treatment duration was shortened (by 1.6 times); the 

length pneumonia period also decreased for PPPAs (by 1.2 times), and 

statistically significantly (p<0.05) decreased for PNTs (by 1.9 times); the 

treatment duration was reduced by 1.3 and 1.4 times, respectively. 

Conclusion. An evidently increased efficacy of rehabilitation treatment 

with VAT has been demonstrated. Further enhancement of VAT 

capabilities is expected through optimizing the VAT regimen and 

combining it with other treatment methods. It is important to study the 

morphofunctional properties of platelets along with the determination of 

their aggregation activity.  

Keywords: acute poisoning, rehabilitation, vibroacoustic therapy, 

hemorheology, erythrocytes, platelets, morphofunctional status, 

endotoxicosis, toxemia cellular component  
Conflict of interest. The authors declare that there is no conflict of interest.  

Funding. The study was conducted without sponsorship. 

For citation: Goldfarb YuS, Badalyan AV, Makarov MS, Borovkova NV, 

Potskhveriya MM, Bitkova1 EE, et al. Clinical and laboratory aspects of 

vibroacoustic therapy in the complicated course of acute exogenous poisoning in the 

rehabilitation period. Transplantologiya. The Russian Journal of Transplantation. 

2025;17(3):291–308. (In Russ.). https://doi.org/10.23873/2074-0506-2025-17-3-291-

308 

 
AP, acute poisoning 
BV, blood viscosity 
BV12.6, blood viscosity at a shear rate of 12.6 s-1 

BV2.5, blood viscosity at a shear rate of 2.5 s-1 

BVE, blood viscoelasticity 
BVE62.8, blood viscoelasticity at a shear rate of 62.8 s-1 
CD14+ HLA-DR+ monocytes 
CD95+ lymphocytes, lymphocytes that express the CD95+ receptor (apoptosis 
receptor) on their surface 



 

EMs, monocytes expressing human leukocyte antigen D (HLA-DR+) on their surface  
GCPs, granule-containing platelets 
LII, leukocyte intoxication index 
MDA, malonic dialdehyde  
MFSP, morphofunctional status of platelets 
MMWP, medium molecular weight peptide 
MMWPs280, medium molecular weight peptides identified at a wavelength of ultraviolet 
radiation equal to 280 nm 
MMWPs254, medium molecular weight peptides identified at a wavelength of ultraviolet 
radiation equal to 254 nm 
NSI, Neutrophil Shift Index 
pCSs, poisoning with corrosive substances 
PMD, platelets with membrane damage 
pNTs, poisoning with neurotoxicants 
pPPAs, poisoning with psychopharmacological agents 
RBC AIM, red blood cell aggregation index at rest 
RBC AIM, red blood cell aggregation index in motion 
RP, rehabilitation period 
SSP, spindle-shaped platelet 
TAS, total antioxidant status, blood serum total antioxidant activity 
VAT, vibroacoustic therapy 

 

Introduction 

The rehabilitation period, the final phase of acute poisoning (AP), 

begins after completing the general resuscitation measures and related 

detoxification measures aimed at removing exogenous toxicants of a 

chemical nature from the body. It is an important stage in the AP course, 

where persistent changes in homeostasis parameters, although not life-

threatening for patients, require their targeted correction for effective results 

of the treatment process. 

According to our observations [1], an abruptly increased course of 

patient treatment in the rehabilitation period (from 2.5–11 to 13.5–24 days) 

usually depends on the complications of acute respiratory infections present 

at this stage, primarily pneumonia. The incidence of its development in 

various acute respiratory infections can range from 17 to 60% or more, 

and mortality can exceed 40–60% [2–6]. At the same time, literary data 

indicate a significantly lower incidence of pneumonia in cases of 

poisoning with corrosive substances (pCSs) [5]. 



 

The development, improvement, and implementation of 

rehabilitation therapy methods are largely aimed at preventing and treating 

such complications. In these cases, in addition to pharmacotherapy, non-

drug treatment methods are successfully used, including vibroacoustic 

therapy (VAT), or vibration massage. VAT is currently used as a non-drug 

method for correcting respiratory disorders in various diseases. The 

therapeutic effect of this method is associated with improved bronchial 

drainage and ventilation-perfusion ratio in the lungs [7, 8]. 

In acute poisoning with psychopharmacological agents (pPPAs), we 

have found a decrease in the tendency of platelets to spontaneous 

activation and hyperactivation in response to the VAT effect, which was 

accompanied by a more favorable course of this pathology [9]. At the 

same time, extensive clinical and laboratory studies of the VAT efficacy in a 

wider range of AP have not yet been conducted. Meanwhile, our experience 

indicates the obvious benefit of such studies, since this allows us to better 

understand both the pathogenesis of AP complications and the 

sanogenetic mechanisms of the treatment methods used [1, 10]. 

Objective. To improve the efficacy of AP treatment by including 

the VAT technique in the treatment complex. 

  

Material and methods 

The studies were conducted in the rehabilitation period in 30 

patients aged 18 to 80 years old (15 men, 15 women) transferred from the 

Intensive Care Unit to the Toxicology Department of the 

N.V. Sklifosovsky Research Institute for Emergency Medicine in 2022–

2024. Eighteen patients had acute myocardial infarction, 10 more had 

poisoning with neurotoxicants (pNTs) (opioid drugs (methadone), 

psychodysleptics, ethanol, which impact caused the development of 

toxic-hypoxic encephalopathy), and 2 others had acute viral respiratory 



 

infection. In all cases, the course of the disease was complicated by the 

development of unilateral or bilateral pneumonia. All patients underwent 

conservative standard treatment: enhanced natural detoxification (gastric 

lavage, bowel cleansing, forced diuresis), antibacterial therapy, vitamin, 

nootropic and symptomatic therapy; if necessary, sedatives were used. 

Besides, in pCSs, H2-histamine receptor blockers, antispasmodics, 

hormones and antacids were administered. Alongside with drug therapy 

for the treatment of pneumonia, we also used VAT. The patients were 

allocated into two groups: the main group (the VAT group) that included 

17 subjects (9 with pPPAs, 7 with pNTs and 1 with pCSs) who in 

addition to the basic therapy received VAT, and the comparison group 

that 13 subjects (9 with pPPAs, 3 with pNTs and 1 with pCSs) who 

received only standard therapy. 

VAT using the VibroLUNG device began on the 2nd day after the 

patients had been admitted to the Toxicology Department. For this, 2 

acoustic radiators were used. They were tightly applied to the surface of 

the chest so that the sound waves would spread into the lungs, causing 

vibrations in the structures of the lung parenchyma, focusing on the 

projection zone of the inflammatory infiltrate (infiltrates) in lungs. The 

frequency of the acting signal was constantly changing, causing various 

effects, including the resonance one [7, 8]. One VAT session was 

performed daily. The session duration was 5 minutes, and the course 

included 2-9 sessions. VAT was performed until the resolution of the 

inflammatory process in the lungs, the appearance of positive dynamics in 

laboratory parameters and an improvement in the general condition of a 

patient. The duration of pneumonia course was determined by the series X-

ray data indicating the resolution of the inflammatory process in the lungs. 

All patients underwent complete blood count blood, urinalysis, and 

conventional biochemistry studies; and to assess the homeostasis in 



 

venous blood, the parameters of hemorheology, the morphofunctional 

status of blood cells – erythrocytes and platelets were studied as well as 

the endotoxicosis characteristics according to its standard parameters and 

the toxemia cellular component indicators. The studies were performed 

before the start of VAT and before the discharge from the hospital (1–2 

days after VAT completion). 

During the hemorheology study, blood viscosity and viscoelasticity, 

erythrocyte aggregation and hematocrit were assessed. Blood viscosity 

and viscoelasticity were determined in the mode of decreasing shear rate 

from 62.8 to 2.5 s-1 on a capillary viscometer (BioProfiler, USA). The 

indices of erythrocyte aggregation at rest (RBC IAM) and in motion (RBC 

IAm1) were studied on MA-1 aggregometer (Myrenne GmbH, Germany). 

Among the hemostasis parameters, the collagen-induced platelet 

aggregation was assessed using Chronolog 590 aggregometer (Chrono-

Log, USA). Hematocrit and platelet count were measured using an Act 

diff 2 hematology analyzer (Beckman Coulter, USA). 

The rheology and hemostasis parameters of 45 blood donors (30 

men and 15 women) aged 20–40 years were taken as reference values. 

During the morphofunctional analysis of blood cells, the relative 

content of the main morphological types of erythrocytes was assessed: 

discoid erythrocytes (the norm being 85–92%), erythrocytes with jagged 

edges (normal 4–6%), echinocytes (normal 4–6%), and deformed 

erythrocytes (the norm 0–3%). Erythrocyte “shadows” (erythrocytes with 

very low hemoglobin content and marked damage to the plasma 

membrane) were also measured [11]. During the platelet analysis the 

following parameters were determined: the proportion of granule-

containing platelets (GCPs) (normal 35–75%), morphofunctional status of 

platelets (MFSP) (normal 75–130 points); the content of platelets with 

pronounced membrane damage (PMD) (normal 1–3%); the intensity of 



 

platelet adhesion to glass. In addition, the content of spindle-shaped 

platelets (SSPs) (%), which are absent in the blood of healthy individuals 

and appear in various diseases, was determined [12, 13]. Normally, the 

duration of adhesion of one platelet is 10–30 min from the moment of 

introducing their suspension onto the glass. During this period, the shape 

of the cell changes, and degranulation occurs with the release of platelet 

granules from it. 

Endogenous intoxication was assessed by the level of fractions of 

medium molecular weight peptides (MMWPs), determined at a wavelength 

of ultraviolet radiation of 254 and 280 nm (MMWP254 and MMWP280) in the 

blood serum using the method by N.I. Gabrielyan [14]. The following 

hematological intoxication indices were assessed: the leukocyte intoxication 

index (LII) and the neutrophil shift index (NSI) [15, 16], as well as the 

leukocyte and lymphocyte counts in the complete blood count. In addition, 

the blood pro- and antioxidant activity was studied based on the content of 

malonic acid dialdehyde (MDA) in it [17] and the level of blood serum 

total antioxidant activity (total antioxidant status or TAS) studied by 

means of photometric method on the OLYMPUS AU 2700  biochemical 

analyzer (Olympus, China). The obtained data were compared with the 

normal values. 

The study of the cellular component of toxemia parameters, 

lymphocyte apoptosis, and the counting of dead leukocytes were 

performed using flow cytometry. The count of lymphocytes ready to 

undergo apoptosis was determined by the expression of the Fas receptor 

using monoclonal antibodies CD95 and expressed as a percentage of the 

total lymphocyte count. The relative number of lymphocytes in the 

process of apoptosis was studied using the Annexin V-FITC/7AAD Kit 

(Beckman Coulter, USA). 



 

Simultaneous staining of cells with the vital DNA-specific dye 7 

amino-actinomycin D (7AAD) made it possible to differentiate cells at the 

early stages of apoptosis (Annexin V+/ 7AAD–, early apoptosis) from 

cells that had already died as a result of apoptosis (Annexin V+/7AAD+, 

late apoptosis). The number of dead leukocytes was determined using the 

vital dye 7AAD and monoclonal antibodies CD45 (pan-leukocyte marker) 

labeled with FITC [18–20]. The reference group consisted of 40 blood 

donors aged from 20 to 45 years. 

In recent years, a more accurate assessment of the endogenous 

intoxication severity, has used the determination of antigen-presenting 

CD14+ monocytes in blood expressing the human leukocyte antigen D R 

(HLA-DR+) (CD14+HLA-DR+-monocytes, EM) on their surface, which 

decreased content in blood, especially below 55%, in combination with 

changes in other biochemical parameters may indicate the development of 

a severe infectious process, up to sepsis [ 21–23 ]. We also used this 

parameter in the presented study. 

Statistical methods. To identify statistically significant differences 

between independent samples for parameters measured on quantitative 

and ordinal scales, the nonparametric Mann–Whitney U test (U-test) was 

used. For qualitative variables, 2x2 contingency tables, the χ2 test, and 

Fisher's exact test were used [24]. When comparing dependent samples to 

assess the dominant trends, the nonparametric Wilcoxon tests were used 

for quantitative variables and the sign test for qualitative variables [25]. 

The results were expressed using the median and the 1st and 3rd 

quartiles: Me (Q1;Q3). Differences were considered statistically 

significant at a significance level of more than 95% (p<0.05) [26, 27]. 

 

 

 



 

Results 

Hemorheological changes occurred in VAT-included treatment are 

presented in Table 1. 

Table 1 shows that before treatment, among the parameters of 

blood viscosity and viscoelasticity (BV, BVE), there was a slight initial 

increase in BV at shear rates of 12.6 and 2.5 s-1 (BV12.6, BV2.5) in the 

comparison group (by 11.6% and 6.2%, respectively) and BV12.6 in the 

main group (by 6.5%). At the same time, BV62.8 was slightly lower than 

the reference value in both groups (by 3.8% and 4.1%, respectively). 

With regard to BVE values in the comparison and main groups, only a 

moderate increase was observed at a shear rate  ̇equal to 12.6 s-1 (BVE12.6) 

(by 15.8% and 21.6%, respectively), whereas the values at BVE62.8 in the 

comparison and main groups and BVE2.5 in the main group was even 

moderately reduced (by 26.4%, 20.1%, and 13.65 %, respectively); and 

for a BVE2.5 in the comparison group it remained virtually unchanged. 

Plasma viscosity and hematocrit were also slightly reduced. Erythrocyte 

aggregation at rest approached the reference value in the comparison 

group and was moderately reduced in the main group (by 21%), but in 

motion it was significantly increased (by 51.3% and 45.5%, respectively), 

being a statistically significant change (p˂0.05). Platelet aggregation also 

significantly exceeded reference values (by 50% and 33.3%, 

respectively); the platelet content in blood was also moderately increased 

(by 30.2% and 19.8% above reference values, respectively). 

 
 



 

Table 1. Dynamics of hemorheology parameters in pneumonia during rehabilitation period with using vibroacoustic therapy 

Parameter 
Reference 

values 
(n=45) 

Comparison Group (n=9) Main Group (n=10) 

Before treatment After treatment Δ% Before treatment After treatment Δ % 

Shear 
rate, s-1 

62.8 

Blood viscosity, cPz 
4.18 (3.79;4.29) 4.02 (3.39;4.78) 4.02 (3.68;4.56) 0,00 4.01 (3.58;4.78) 4.36 (3.56;4.59) 8.7 

12.6 4.89 (4.16;5.26) 5.46 (4.42;6.28) 5.40 (4.66;6.37) -1,1 5.21 (4.08;6.25) 5.06 (3.86;6.12) -2.9 
2.5 6.01 (4.96;6.51) 6.38 (5.13;6.93) 6.16 (5.45;7.25) -3.4 5.92 (5.00;7.17) 6.98 (4.65;7.19) 17.9 

Shear 
rate, s-1 

62.8 
Blood 
viscoelasticity, cPz 

0.53 (0.25;0.86) 0.39 (0.33;0.46) 0.40 (0.37;0.49) 2.6 0.42 (0.31;0.50) 0.45 (0.30;0.52) 7.1 
12.6 1.39 (1.04;2.07) 1.61 (1.05;1.96) 1.35 (1.20;1.68) -16.1 1.69 (1.10;2.20) 1.97 (1.06;2.29) 16.6 
2.5 2.71 (2.39;4.04) 2.65 (1.70;2.99) 2.06* (1.96;2.28) -22.3 2.34 (1.81;3.31) 2.91 (1.58;3.62) 24.4 

Plasma viscosity, cPz 1.80 (1.70;1.80) 1.61 (1.42;1.72) 1.52 (1.43;1.65) -5.6 1.75 (1.46;1.78) 1.61 (1.56;1.66) -8.0 

Hematocrit, vol.% 40.0 (40.0;43.0) 33.9 (33.0;40.9) 38.6 (33.7;42.0) 13.9 36.6 (30.8;37.6) 37.4 (27.4;42.8) 2,2 

Erythrocyte aggregation, AIM  15.2 (12.1;19.3) 14.9 (11.4;16.1) 9.70*,1 (7.00;12.9) -34.9 12.5 (11.0;20.7) 10.7↓ (8.80;13.6) -14.4 

Erythrocyte aggregation AIM1 19.1 (14.4;23.6) 28.9* (26.7;30.9) 22.41 (20.2;26.5) -22.5 27.8* (23.4;37.1) 23.5 (21.8;28.7) -15.5 

Platelet aggregation, OM 12.0 (10.0;15.0) 18.0 (14.0;21.0) 18.0 (18.0;20.0) 0,00 16.0 (14.0;20.0) 17.5 (16.0;24.0) 9.4 

Platelet count, 109 /L 199 (188;206) 259.0 (163.0;360.0) 301.0 
(252.0;391.0) 

16.2 238.5 
(182.0;416.0) 

373.0 
(258.0;385.0) 

56.4 

Notes: * statistically significant (p<0.05) difference from reference values (Mann–Whitney test); 1  statistically significant (p<0.05) difference from standard (Mann–Whitney 
test); ↓ statistically significant (p<0.05) change in the parameter in relation to the standard (Wilcoxon test); Δ%, in relation to the standard parameter. AIM, red blood cell 
aggregation index at rest; AIM 1, red blood cell aggregation index in motion 
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After treatment (see Table 1), some initially elevated parameters in 

the comparison group significantly decreased, such as BVE12.6 by 16.1% 

(by 1.2 times) and the erythrocyte aggregation in motion by 22.5% (by 

1.3 times) (statistically significant, p˂0.05); the initially reduced 

hematocrit values slightly increased. Other shifts were associated with an 

undesirable increased deviation from the reference values, namely the 

decrease in BVE2.5 by 22.3% (by 1.3 times) and erythrocyte aggregation 

at rest by 34.9% (by 1.5 times), as well as some further increase in the 

blood platelet count. 

In the main group, positive changes included the increase in the 

initially reduced values of BV62.8 and BV2.5 (by 1.1 and 1.2 times) 

approaching the reference values, and a 1.2-fold decrease in the initially 

elevated erythrocyte aggregation in motion. Among the undesirable 

changes in the main group, a slight increase in the initially elevated 

BVE12.6 (by 16.6%) should be noted; in addition, the initially elevated 

platelet aggregation increased slightly (by 9.4%) and their blood platelet 

count increased 1.5-fold; plasma viscosity and erythrocyte aggregation at 

rest, which were initially below the reference values, on the contrary, 

decreased slightly (by 8% and 15.5%, respectively). 

Along with hemorheological tests, we studied the 

morphofunctional properties of blood cells (erythrocytes and platelets). 

All examined patients were found to have normal quality of erythrocytes 

with the proper ratio of their main morphological types before the 

treatment and before discharge, and no erythrocyte “shadows” were 

found in their blood. In most patients of both groups, columns of cells 

containing 4–7 erythrocytes (small erythrocyte sludges) were found in 

blood before treatment.), which they retained even after treatment. 

Before treatment, the morphofunctional parameters of platelets in 

both groups did not differ statistically significantly. In both groups, 



 

normal values of GCPs and MFSP were noted, and the level of PMD was 

only slightly higher than normal (Table 2), the level of SSPs was also 

low, their content in most patients was within 1-2%. The number of 

microscopically distinguishable granules in all SSPs was noticeably lower 

than that in normal discoid platelets; most of the granules in SSPs were 

bound to the cell membrane, thereby revealing their readiness for 

exocytosis (release). In both groups, contacts of SSPs with other platelets 

were absent, they did not affect the activity of individual platelets to glass 

during adhesion. In 9 of 16 patients in the main group and 6 patients of 

the comparison group (n=11), platelets with granules were characterized 

by marked readiness for spontaneous activation and hyperactivation, 

since upon contact with glass they began to adhere within 1–2 minutes, 

often forming flattened platelet aggregates up to 20 μm in diameter; the 

granule release rate was also increased, amounting to 3 to 10 minutes 

from the onset of adhesion. SSPs could be detected along the periphery of 

such aggregates. In 3 patients of the main group and in 3 of the 

comparison group, the platelet hyperactivation was accompanied by the 

appearance of platelet conglomerates up to 10 μm in diameter in the 

peripheral blood. In patients without hyperactivation before the treatment 

no platelet conglomerates were noted in blood in both groups. In the 

group where VAT was used, the statistically significant differences were 

found only in the SSP content in patients with and without platelet 

hyperactivation, amounting to 2 (1;4)% and 1 (0;1)%, respectively 

(p<0.05). There was no such difference in patients in the comparison 

group. There were no statistically significant differences between the 

groups in other platelets morphofunctional parameters. 

 



 

Table 2. Morphofunctional parameters of platelets in donors and 

when using vibroacoustic therapy for the treatment of acute 

exogenous poisoning 
Main group (n=16) 

The study stage GCPs, % MFSP, score PMD, % SSPs, % 

Before treatment 50(45;57) 95 (81;108) 4 (3;6) 1 (0;2) 

Before discharge 51 (45;60) 94 (82;111) 3 (2;5)* 1 (0;1) 

Comparison group (n=11) 

The study stage GCPs, % MFSP, score PMD, % SSPs, % 

Before treatment 52 (48;60) 97 (91;113) 5 (4;8) 1 (1;2) 

Before discharge 53 (38;60) 96 (81;109) 4 (4;9) 1 (0;2) 

Notes: * statistically significant (p<0.05) relative to similar parameters in the comparison group 

(Mann–Whitney test). GCPs, granule-containing platelets; MFSP, morphofunctional status of platelets; 

PMD, platelets with membrane damage; SSPs, spindle-shaped platelets. 

 

Before discharge from hospital (after VAT), the GCP, MFSP and 

SSP parameters in both groups did not change statistically significantly 

(see Table 2), but the PMD content in the main group was 1.3 times lower 

than in the comparison group, being statistically significant (p=0.03). 

Also, in the comparison group, the spontaneous activation and 

hyperactivation of platelets persisted in 5 of 6 patients, who initially had 

platelets prone to spontaneous activation. At the same time, in the group 

where VAT was performed, the spontaneous activation and 

hyperactivation of platelets were observed only in 2 patients, statistically 

significantly differing from the data obtained in the comparison group 

(p=0.04); platelet conglomerates were absent in blood of such patients. 

As can be seen, the treatment with VAT made it possible to eliminate the 

tendency of platelets to spontaneous activation in 77.8% of patients in the 

main group, while only in 16.7% of cases in the comparison group. The 

above presented data on the study of the morphofunctional properties of 

blood cells confirm the results we had obtained earlier [9]. 



 

We also assessed the changes in the most frequently used 

endogenous intoxication parameters in practical work that occurred as a 

result of VAT (Table 3). 

 

Table 3. Dynamics of endotoxicosis parameters in the presence of 

pneumonia in the rehabilitation period with using vibroacoustic 

therapy for acute poisoning 

Parameter Normal 
Comparison group (n=10) Main group (n=12) 
Before 

treatment 
After 

treatment Δ % Before 
treatment 

After 
treatment Δ % 

LII, units 1.0 
(0.03;1.7) 

1.98 
(0.57;2.76) 

1.51 
(1.11;3.43) -23.7 1.71 

(0.48;2.17) 
1.35 

(0.88;2.19) -21.0 

NSI, units 0.06 
(0.03;0.09) 

0.05 
(0.02;0.09) 

0.03 
(0.02;0.05) -40.1 0.03 

(0.03;0.04) 
0.04 

(0.03;0.06) 33.3 

Leukocyte 
count, 109/L 

6.81 
(5.89;7.57) 

9.75 
(8.60;16.3) 

8.98 
(7.90;11.8) -7.9 9.26 

(7.23;10.8) 
7.78 

(6.69;10.8) -16.0 

Lymphocyte 
content, % 

29.7 
(21.6;36.4) 

17.5 * 
(9.50;21.0) 

18.0* 
(18.0;21.0) 2.9 17.0* 

(12.0;22.5) 
15.0* 

(15.0;27.0) -11.8 

MDA 2.27 
(2.11; 2.47) 

4.59* 
(3.82;5.75) 

4.48* 
(3.86;5.05) -2.4 4.60* 

(3.98;5.07) 
4.85* 

(4.65;5.27) 5.4 

TAS 1, 61 
(1.56;1.68) 

1.37 
(1.25;1.43) 

1.35 
(1.18;1.63) -1.5 1.21 

(1.15;1.30) 
1.20 

(1.17;1.28) -0.83 

Notes: * statistically significant (p<0.05) difference from the normal (Mann –Whitney test); Δ%, in relation 
to the standard. NSI, neutrophil shift index; LII, leukocyte intoxication index; MDA, malonic dialdehyde; 
TAS, total antioxidant activity of blood serum 

 

As can be seen from Table 3, there were no serious shifts in the 

values of the studied endogenous intoxication parameters in either group. 

Initially, the comparison group and the main group showed an increase in 

the LII values (2-fold and 1.7-fold, respectively) and the leukocyte count 

(1.4-fold in both cases); the lymphocyte count decreased noticeably and 

statistically significantly (p˂0.05) (1.7-fold in both groups). In both 

groups, the blood prooxidant activity increased 2-fold, which was 

reflected by a statistically significant increase in the MDA content in it 

compared to the norm, and which was compensated by the maintenance 

of TAS values close to the norm. 

After the treatment, some positive changes were noted in both 

groups: a decrease in the LII values (by 1.3 times in both groups), while 



 

the NSI values did not statistically significantly differ from the norm, 

being below it. After the treatment, a slight increase in NSI (by 33.3%) 

was noted in the main group, while in the comparison group it was 

significantly reduced (by 40%) compared to the level before treatment. In 

both groups, the concentration of leukocytes in blood decreased slightly 

after treatment, but these changes were statistically insignificant. 

The changes in MDA and TAS values after treatment were not 

statistically significant. As can be seen, under the VAT impact, no 

significant shifts occurred in the anti- and prooxidant factors of blood. 

The most noticeable effect of the treatment was in relation to 

apoptosis parameters (Table 4). 

 

Table 4. Dynamics of the toxemia cellular component in patients with 

pneumonia in the rehabilitation period using vibroacoustic therapy 

Parameter 
Reference 

values 
(n=40) 

Comparison Group 
(n=8) 

Main group 
(n=8) 

Before 
treatment 

After 
Treatment Δ % Before 

treatment 
After 

treatments Δ % 

Venous blood leukocyte 
count, ×109/L 

6.3 
(5.5;7.3) 

9.90 * 
(7.90;11.3) 

7.65 
(5.90;8.45) -22.7 8.10 

(7.70;12.4) 
8.15 

(7.40;10.1) 0.62 

CD95+ lymphocytes, % 
(Fas receptor) 

44.8 
(41.5;47.5) 

33.2 
(18.5;53.1) 

42.5 
(35.1;49.0) 28.0 46.5 

(36.8;54.6) 
46.8 

(42.3;67.3) 0.65 

Number of lymphocytes 
in early apoptosis, % 

2.82 
(2.05;3.43) 

4.30 
(2.87;5.73) 

5.28* 
(3.24;7.45) 22.8 3.79 

(2.52;8.40) 
3.56 

(2.41;6.35) -6.1 

Number of lymphocytes 
in later apoptosis, % 

0.11 
(0.04;0.16) 

0.03 * 
(0.02;0.10) 

0.06 
(0.02;0.09) 100 0.05 

(0.03;0.08) 
0.07 

(0.04;0.12) 40.0 

Relative number of dead 
leukocytes (%) 

0.62 
(0.38;0.92) 

1.40 
(0.95;1.95) 

1.80*,1 

(1.64;2.94) 28.6 0.77 
(0.60;0.91) 

0.80 
(0.54;1.55) 3.9 

Absolute count of dead 
leukocytes, cells/µL 

44,0 
(23.0;59.0) 

114.8 * 
(96.7;195.8) 

160.6* 
(100;211.5) 39.9 71.0 

(59.4;77.8) 
73.7 

(49.5;123.8) 3.8 

CD14+HLA-Dr+-
monocytes 80–100% 53.2 

(43.0;66.3) 
90.5 1 

(71.3;91.8) 70.1 60.2 
(51.7;84.7) 

85.3 
(66.5;95.6) 41.7 

Notes: * statistically significant (p<0.05) difference from the reference data (Mann –Whitney test), 1 

statistically significant (p<0.05) difference from the standard (Mann –Whitney test); Δ%, in relation to 
the standard. CD14+ HLA-DR+ monocytes mean the monocytes that express human leukocyte antigen 
D (HLA-DR+) on their surface; CD95+ lymphocytes are the lymphocytes that express the CD95+ 
receptor (apoptosis receptor) on their surface 

 



 

As can be seen from Table 4, before treatment, the parameter 

values in both (comparison and main) groups indicated the activation of 

apoptosis: the number of lymphocytes in early apoptosis was significantly 

higher than the reference values, by 1.5 and 1.3 times, respectively. 

Meanwhile, the number of lymphocytes in late apoptosis (dead cells) 

before treatment in the same groups was significantly lower than the 

reference values, 3.7 times (statistically significant, p˂0.05) and 2.2 

times, respectively. 

The content of dead leukocytes before treatment in the above-

mentioned groups was markedly higher than the reference values: the 

relative one by 2.25 times and 1.2 times, and the absolute one by 2.6 

times (statistically significant, p˂0.05) and 1.6 times, respectively. 

Before the treatment, a noticeable decrease in the EM content was 

also observed in both groups: by 1.5 times in the comparison group and 

1.3 times in the main group. 

After the treatment (see Table 4), the number of lymphocytes in 

late apoptosis in the comparison group increased by 2 times, while in the 

main group it increased only by 1.4 times, that is, they died 2.5 times less 

often than in the comparison group. 

After the treatment, the relative number of dead leukocytes in the 

comparison group had unfavorable dynamics, statistically significantly 

(p˂0.05) increasing by 1.3 times and being statistically significantly 

higher (p˂0.05) than that of donors, while in the patients of the main 

group it remained virtually unchanged. The absolute content of dead 

leukocytes after the treatment in the comparison group increased by 1.4 

times, while the statistically significant (p˂0.05) initial excess of their 

content over that of donors increased even more; meanwhile, in the main 

group their level also remained virtually unchanged. 



 

The EM content after the treatment increased in both groups: by 

1.7 times in the comparison group (statistically significantly, p˂0.05), and 

by 1.4 times in the main group. 

The clinical results of VAT are shown in Table 5. As can be seen 

from Table 5, in general, VAT during the RP allows a 1.5 time reduction in 

pneumonia course duration versus the results in the comparison group, the 

difference being statistically significant (p<0.05). In the main group, there 

was a clear tendency towards a noticeable reduction in the inpatient 

treatment duration (the mean, by 1.3 times). At the same time, the greatest 

reduction, by 2 times in the pneumonia duration occurs in pNTs (statistically 

significant, p<0.05), and by 1.2 times 1.2 times in pPPAs; the treatment 

periods were also reduced by 1.1 times. We could also see that the use of 

VAT has a positive effect on pCSs as well. 
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Table 5. Clinical efficacy of complex treatment for acute exogenous poisoning, using vibroacoustic therapy  

Parameter 
(days) 

Total number of patients with 
poisoning and pneumonia in the study 

(pPPAs+pNTs+pCSs) 
pPPAs pNTs pCSs 

Without 
VAT 

treatment 
(n=13) 

VAT 
treatment 

(n=17) 
Δ% 

Without 
VAT 

treatment 
(n=9) 

VAT 
treatment 

(n=9) 
Δ% 

Without 
VAT 

treatment 
(n=3) 

VAT 
treatment 

(n=7) 
Δ% 

Without 
VAT 

treatment 
(n=1) 

VAT 
treatment 

(n=1) 
Δ% 

Length of pneumonia period 
(according to X-ray data), days 

6.0 
(4.9;6.75) 

4.0 1 
(3.0;6.0) 

-33.3 6.00 
(4.9;6.6) 

5.1 
(4.0;6.25) -15.0 6.0 

(4.0;9.0) 
3.0^ 

(3.0;4.0) -50.0 24 4 -83.3 

Treatment duration, days 13.0 
(10.0;17.0) 

10.0 
(6.0;15.0) -23.1 12.8 

(9.9;14.3) 
11.8 

(10,5;16.0) -7.8 9.0 
(8.0;17.0) 

8.0 
(6.0;10.0) -11.1 52 15 -71.2 

Notes: 1 p<0.05 relative to the group without VAT treatment according to the Mann–Whitney test; ^ p<0.05 relative to the group without VAT treatment according to the median 
criterion 
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Discussion 

The clinical results we have obtained indicate the obvious efficacy 

of VAT, which implementation during RP contributes to a statistically 

significant, 1.5-fold reduction in the duration of pneumonia in the entire 

cohort of examined patients. Including the greatest reduction in the 

pneumonia duration occurring in pNTs (by 2 times, statistically 

significantly), and by 1.2 times in pPPAs; this has also brought about a 

1.1-fold reduction in the total treatment time in both groups. Taking into 

account a complete period of pneumonia resolution, the following data 

were obtained: for pNTs, it made 6.0 (5.14;7.4) days in the main group 

and 6.9 (5.9;7.4) days in the comparison group (a reduction of 13%); and 

for pPPAs it was 7.6 (6.0;10.0) days and 9.1 (6.8;11.4) days, respectively 

(a reduction of 16.5%). Apparently, the observed difference, in addition 

to the therapeutic effect, was also due to the pneumonia genesis: the 

predominant dependence on somatic disorders in pPPAs (long comatose 

state with impaired evacuation of bronchial tree secretions and with the 

aspiration of gastric contents), and the prevalence of the impact of 

psychopathological disorders in pNTs, at which result at the intensive 

care stage associated mainly with the use of antibiotic therapy, the 

treatment turned out to be more effective for pPPAs, and in the 

rehabilitation period with the use of VAT a more effective treatment was 

for pNTs. Apparently, the observed difference, in addition to the 

therapeutic effect, was also due to the pneumonia genesis: the 

predominant dependence on somatic disorders in pPPAs (long comatose 

state with impaired evacuation of bronchial tree secretions and with the 

aspiration of gastric contents), and the prevalence of the impact of 

psychopathological disorders in pNTs, at which result at the intensive 

care stage associated mainly with the use of antibiotic therapy, the 

treatment turned out to be more effective for pPPAs, and in the 



 

rehabilitation period with the use of VAT a more effective treatment was 

for pNTs. 

We should note less frequent cases of pneumonia development in 

pCSs despite the accompanying severe inflammatory changes associated 

with a chemical burn of the gastrointestinal tract, which the possible 

causes will be discussed below, using laboratory data. The lower 

frequency of pneumonia development in this pathology is also evidenced 

by the above-mentioned literature data [5]. 

Comparison with our earlier obtained results [1, 28] shows that the 

VAT results are similar to those obtained using mesodiencephalic 

modulation, hyperbaric oxygenation, and intravenous laser hemotherapy 

for the treatment of pPPAs. A significant advantage of VAT is its non-

invasive nature and short duration of the procedure. In connection with 

the above, a more detailed study of the therapeutic effect of this method 

using a set of laboratory parameters was of interest. 

The study of changes in hemorheological parameters showed the 

absence of serious impairments at this treatment stage without signs of 

hyperviscosity syndrome in a significant number of cases. We should 

note that these changes are noticeably less pronounced than those we 

noted in previous years [1, 29]. In our opinion, this can be associated with 

the regular use of the enteral homeostasis correction program at the 

previous stage of detoxification, resuscitation and intensive therapy [30], 

as a result of which disturbances of its parameters in the rehabilitation 

period become less significant. Meanwhile, it was in one of the patients 

of those with pCSs who underwent VAT and who had had pronounced 

signs of high viscosity syndrome before its start with an excess in BV2.5 

and BVE2.5 from reference values by more than 1.5 times (with their 

normalization after VAT). From this we can conclude that, as we have 

already noted earlier and taking into account the results of multifactorial 



 

statistical analysis [1], in the development of pneumonia in a toxicology 

clinic, the disruption of the central nervous system is of priority 

importance, which is just typical of the other two types of poisoning we 

have considered: pPPAs and pNTs. 

In general, we should note that the above-mentioned shifts, both 

before and after treatment, which are mainly within 20%, can, in our 

opinion, have a certain effect on the results of the treatment process, and 

therefore the VAT-involving program correction of the detected 

impairments, in homeostasis parameters, including hemorheological ones, 

should be recognized as an appropriate one in this case as well. Among 

the most useful and fundamentally important hemorheological effects of 

VAT in the main group, it is necessary to highlight the changes in BV2.5 

and BVE62.8 values as a result of treatment, which reflect the blood flow 

in capillaries and large vessels, respectively, towards their reference 

values with their initial decrease, as well as the observed trends towards 

normalization of hematocrit and erythrocyte aggregation in motion. In the 

comparison group, on the contrary, it is necessary to note such 

statistically significant undesirable effects as a further decrease in the 

values of BVE2.5 and the aggregation activity of erythrocytes at rest, 

which were initially below the reference values. 

The moment that was clearly revealed in the course of this study, 

and which, in our opinion, deserves special attention, is a further, 

although moderate, increase in the initially increased platelet aggregation 

in the main group while maintaining its increased value in the comparison 

group, as well as an increase in their number in blood, more noticeable in 

the main group. The increase in the content of platelets in blood could be 

explained taking into account the available literature data indicating such 

possibilities when the iron level in blood decreases and, accordingly, does 

hemoglobin. For example, thrombocytosis is noted in many cases of iron 



 

deficiency anemia, whereas iron deficiency is an important pathogenetic 

mechanism of secondary thrombocytosis for example, in inflammatory 

bowel disease. Iron intake led to decreased platelet count, even at absence 

of pre- existing thrombocytosis [31–33]. In our study, before and 

especially after VAT, no significant changes were observed in either 

group in such parameters as total hemoglobin content, the erythrocyte 

count, and the hemoglobin content in them, both the mean and its mean 

concentration, which values were either extremely close to the norm, 

being below it by only 1.2–5% (total hemoglobin content), or were within 

its reference range. This, by the way, characterizes the safety of the 

treatment measures taken. 

In this case, there is reason to assume that the increase in platelet 

aggregation activity is associated with an increase in their total 

concentration in blood after VAT. According to some researchers, 

aggregometry parameters depend on the platelet count in the sample [34–

37]. In addition, an increase in platelet aggregation activity may also be 

associated with an increase in the absolute content of platelets with 

granules (thousands/μL) in blood after VAT. We have previously shown 

that there is a correlation between some parameters of the impedance 

aggregometry and the absolute content of biologically complete platelets 

in blood [12]. Considering that the relative level of platelets with granules 

in blood of patients after VAT did not change, the increase in the total 

concentration of platelets should have been accompanied by an increase 

in the absolute concentration of platelets with granules, which in turn 

could stimulate higher values of platelet aggregation activity. However, 

this does not reflect their more subtle morphofunctional characteristics. 

It is also worth noting that there is no statistically significant 

difference in platelet aggregation activity before and after treatment 

between the main group and the comparison group, despite the fact that 



 

VAT causes a decrease in the tendency of circulating platelets to 

spontaneous activation and hyperactivation upon contact with the 

adhesive surface (glass). This indicates that the selected impedance 

aggregometry parameter (amplitude of the platelet aggregation curve) 

does not allow predicting the morphofunctional properties of platelets 

associated with their spontaneous activation. 

The limited capabilities of aggregometry in the area of detecting 

increased platelet activity have been repeatedly pointed out [38–40]. In 

addition, the spontaneous activation and hyperactivation of platelets can 

be seen against the background of low values of the total platelet 

concentration or a decrease in the total coagulation activity of blood [12, 

41]. In this regard, the assessment of the morphofunctional characteristics 

of platelets seems particularly relevant. 

Patients with AP have an increased risk of damage to blood cells, 

primarily platelets and erythrocytes [8, 42–44]. At the same time, exposure to 

various physical factors can cause changes in the structural and functional 

organization of platelets and erythrocytes. Determination of the 

morphofunctional status of blood cells from this point of view is an 

important addition to the generally accepted methods of studying 

hemorheology [11–13]. According to our data, despite the absence of 

morphofunctional disorders in platelets for most of the parameters used, 

in many cases, platelets, as it turned out, before the treatment had a 

tendency to increase the spontaneous activation and hyperactivation. 

This, in our opinion, may be associated with the known high sensitivity of 

platelets to various effects, including a possible long-term increase in 

their reactivity under the impact of potentially toxic substances [11, 41–

43]. The use of VAT, as can be seen, makes it possible to reduce this 

undesirable tendency, which was observed when studying the blood of 

such patients in vitro. It can also be noted that the observed initial 



 

hyperactivation of platelets is less dangerous for the development of 

rheological disorders, where a more important role is played by the 

aggregation of erythrocytes, which number in blood by more than an 

order exceeds the number of platelets, and which condition improves 

under the VAT impact. However, the correction of functional disorders in 

the platelet link of hemostasis is also necessary. 

As can be seen, the precision semiautomated microscopic 

determination of the morphofunctional properties of platelets used in this 

study is a valuable alternative, allowing us to identify the direct positive 

effect of the applied treatments on patients' blood cells, which otherwise 

may have been unattainable using standard instrumental methods. In our 

opinion, these results go beyond the scope of solely toxicological studies. 

This is also evidenced by a recent publication on the verification of the 

platelet aggregometry results [39]. It is also noted that a method free from 

the "platelet number-aggregation" relationship is a light transmission 

aggregometry [37]. However, it is less available method due to its greater 

labor intensity, and, in addition, it is associated with difficulties in 

interpreting the results. 

We have managed to establish that VAT contributes to a more 

intensive elimination of platelets with marked membrane damage from 

the bloodstream. Despite the fact that in both groups after the treatment 

their content in the blood only slightly exceeded the norm, i.e. platelets 

with pronounced membrane damage did not have a serious 

pathophysiological impact that could have been imposed only under 

conditions of their high content (more than 10%), nevertheless, a more 

intensive removal of damaged platelets from the bloodstream during 

VAT was a favourable effect, allowing us to expect an improvement in 

the circulating platelet population. It also produces an effect on the 

platelet link of hemostasis, contributing to a significant decrease in the 



 

tendency of the platelet population to spontaneous activation. The above 

changes occurring with VAT, may have a sanogenetic effect in the AP 

rehabilitation period.  

The initial changes in the generally accepted endogenous 

intoxication indices in clinical studies in the examined patients were 

mainly characterized by an initially slight leukocytosis and a moderate 

increase in the LII values in combination with a short decrease in the 

relative lymphocyte count and a significant increase in the prooxidant 

activity of blood. As can be seen, we are talking about moderate 

manifestations of endotoxicosis, which, judging by the nature of the 

changes in the studied parameters, are more related to immune system 

status [1, 15]. The conducted treatment demonstrated a positive effect on 

the parameters under study manifested as tendency towards the LII 

normalization and the leukocytosis reduction; in addition, the changes in 

the NSI values towards normal in the main group should be recognized as 

more physiological ones than in the comparison group. As can be seen, as 

in relation to hemorheological parameters, the assessment of the positive 

effect of correction of homeostasis parameter disorders in the absence of 

critical situations should often take into account not only their quantitative 

changes, but also their vector, which in certain cases, in the presence of a 

modulating effect, can be of fundamental importance.  

The positive effect of the VAT-included treatment on the 

endotoxicosis severity was most evident in the immune system shifts in 

late apoptosis [20], associated with its severity reduction that we had 

previously observed during the rehabilitation period [1] and that 

confirmed our assumption about the predominantly immune nature of 

endotoxicosis at this stage of treatment. When assessing the dynamics of 

the cellular component of toxemia in the present study, we found that 

initial cell state corresponded to the pattern of apoptosis activation with 



 

an increase in the lymphocyte count in early apoptosis above the 

reference values in both groups in response, apparently, to the presence of 

an infectious process reflected by a significant decrease in the content of 

CD14+HLA-DR+ monocytes in both groups [23]. 

The effect of VAT was manifested as a less prominent increase in 

the lymphocyte count in late apoptosis compared to that in the 

comparison group, as well as in the stabilization of relative and absolute 

numbers of dead leukocytes in blood, which content increased 

significantly in the comparison group. Both groups are characterized by 

changes in the number of CD14+HLA-DR+ monocytes towards their 

reference values, which, in our opinion, indicates positive dynamics in 

the course of inflammatory changes in the lungs. 

As can be seen, the shifts in the values of endogenous intoxication 

parameters, both commonly used and, especially, the cellular component 

of toxemia, clearly indicate a significant predominance in this segment of 

the treatment results obtained by using VAT. 

 

Conclusion 

Rehabilitation therapy, although is not a direct life-saving 

modality, nevertheless, requires careful multifaceted monitoring of the 

homeostasis state, since the full restoration of patient health depends on 

targeted interventions in this direction, allowing the patients to overcome 

the asthenia phenomena, return to active work and other aspects of full 

life activities. Judging by the data presented, the above presented also 

applies to the outpatient management of toxicological patients, since upon 

their discharge from the hospital, some impairments in homeostasis 

parameters still persist. 

In this regard, the efficacy of rehabilitation treatment is clearly 

increased by using vibroacoustic therapy. The results obtained aim to 



 

further enhance the capabilities of vibroacoustic therapy in terms of 

optimizing its regimen and its complex use with other pharmacological 

and non-pharmacological methods; the prospects of such an approach in 

acute poisoning management, taking into account the existing experience 

[1, 45–47], are beyond doubt. 

 

Based on the study results we have made the following 

summarizing conclusions: 

1. The use of vibroacoustic therapy in the rehabilitation period of 

acute poisoning with psychopharmacological agents, neurotoxicants and 

corrosive substances is associated with its moderate positive effect on 

hemorheological parameters: a tendency to decrease the initially 

increased parameters of erythrocyte aggregation in motion from the 

reference values (by 1.2 times), an increase in the initially decreased 

blood viscosity at shear rates equal to 2.5 s-1 and 62.8 s-1 from the 

reference values (by 1.2 times and 1.1 times, respectively); when 

measured by the impedance aggregometry method a pronounced 

tendency (p=0.07) towards an increase in the platelet content in blood is 

seen with its 1.5-fold increase. Meanwhile, undesirable effects of both 

quantitative and qualitative (vector) nature in the comparison group have 

been observed, such as a further decrease in blood viscosity at a shear rate 

of 2.5 s-1 and the aggregation activity of erythrocytes at rest (by 1.3 times 

and more than 1.5 times, respectively), initially being below the reference 

values. 

2. The use of vibroacoustic therapy has a moderate positive effect 

on the dynamics of commonly used indicators of endotoxicosis: there is a 

noticeable tendency to a decrease in the value of the leukocyte 

intoxication index (by 1.3 times) and the same tendency in the leukocyte 

content in blood (by 1.2 times); an undesirable effect that occurs in the 



 

comparison group is a significant (by 1.7 times) further decrease in the 

value of the neutrophil shift index, which was initially below the norm. 

3. The greatest effect of vibroacoustic therapy on the endotoxicosis 

severity is reflected in the toxemia cellular component parameters in the 

form of stabilized relative and absolute number of dead leukocytes in the 

main group, while in the comparison group there is a noticeable increase in 

the values of these parameters: by 1.3 times (statistically significant, p<0.05) 

and 1.4 times, respectively, with a final excess of their content in the main 

group by 2.25 times and 2.2 times, respectively. In addition, the positive 

effect of vibroacoustic therapy in the main group is the complete restoration 

of the level of CD14+HLA-D R + monocytes in blood with an increase by 

1.4 times compared to the initial values. 

4. The use of vibroacoustic therapy in the above-mentioned kinds 

of poisoning is accompanied by a noticeable improvement in their clinical 

course: in the total number of patients, there is a significant statistically 

significant (p<0.05) reduction (by 1.5 times) in pneumonia duration; 

whereas, there is a tendency for its decreased incidence in poisoning with 

psychopharmacological agents (by 1.2 times) and a considerable, 

statistically significant (p<0.05) reduction in the duration of pneumonia in 

poisoning with neurotoxicants (by 2 times); the duration of treatment is 

also reduced by 1.1 times in both groups. 
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