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Abstract

Introductions: The effectiveness of lymphotropic decongestant therapy in patients with traumatic brain injury and
hemorrhagic stroke was studied. Based on the obtained clinical and laboratory data, the effectiveness of lymphotropic
decongestant therapy was revealed, which prevents the progression of cerebral edema in this category of patients.

Purpose of the Study: evaluate the effectiveness of lymphotropic decongestant therapy for cerebral edema in patients
with severe TBI and hemorrhagic stroke.

Materials and Methods: The scientific study included data from patients who were in the neuroreanimation department
of the Bukhara branch of the Russian Research Center for Emergency Medicine. The materials of 75 patients were
studied, of which 38 with TBI and 37 patients with HI. The age of the patients ranged from 37 to 68 years (mean age
was 58.2+2 years). By gender - there were 43 men (57.3%), women - 32 (42.7%). All patients underwent standard
diagnostic methods (assessment of neurological status during a joint examination by a neurologist and neurosurgeon,
Multislice-Computed Tomography (MSCT), as well as laboratory tests (leukoformula, neutrophil to lymphocyte ratio

index (NLRI)).
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1. Introduction

1.1. Relevance

Throughout the history of medicine, the primary goal of protecting
the brain after injury has been to minimize neuronal damage, with
swelling considered a minor concern. However, recent renewed
interest in edema, its molecular precursors, and its significance in
Traumatic Brain Injury (TBI) and stroke has changed this paradigm.
Current advances in understanding the molecular mechanisms of
edema formation suggest that the introduction of new treatments
for cerebral edema (CE) may be closer than the introduction
of treatments for neuronal death. Treatments for Intracranial

Hypertension (ICH), such as decompressive craniectomy and
osmotherapy, were developed before any knowledge of the modern
pathophysiology of ICH. CE and ICH, as secondary factors of
damage, cause death after stroke and TBI. The survival of patients
with these diseases largely depends on the effectiveness of treatment
for CE. A significant portion of medical and financial resources
after traumatic brain injury are directed toward identifying and
treating CE, ICH, and associated complications [1-7]. Given
the advances and capabilities of neurocritical care, treatment
remains exclusively reactive and is initiated only after problems
with intracranial pressure arise. Recent reviews have focused on
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the molecular factors causing brain swelling after injury and the
development of therapeutic approaches to combat this problem
[8]. According to the Monroe-Kelly doctrine, intracranial contents
are in constant dynamic equilibrium as cerebrospinal fluid is
constantly produced and absorbed into brain tissue [9,10]. There are
two hypotheses about fluid outflow: paravascular and perivascular.
According to the first theory, cerebrospinal fluid and intercellular
fluid flow from the brain through the middle layers of vein cells,
forming the paravascular space of the veins. The second theory
states that the outflow occurs in the spaces separating the cerebral
arteries and the brain itself, forming the perivascular arterial space.
Interestingly, both theories have been experimentally confirmed,
so many scientists believe that both theories have a place to be. It
is possible that fluid outflow occurs differently in different parts of
the brain or at different points in time [11-13].

It has been experimentally confirmed that the tracer, introduced
into the ventricles of the brain, where the cerebrospinal fluid is
located, is found in the system of lymphatic vessels at the base of
the skull, and then in the unchanged lymph nodes. This indicates
the existence of a connection between the glymphatic, meningeal
and lymphatic systems [16]. The discovery of meningeal lymphatic
vessels is a necessary breakthrough in the development of new
methods of neuroresuscitation based on the control of lymphatic
drainage processes to remove toxins and unnecessary molecules
from the central nervous system. This could be an innovative step
in developing new ways to deliver drugs to the brain bypassing
the blood-brain barrier [17-19]. The available scientific literature
contains works that continue to expand our knowledge of the
functioning of the lymphatic system of the brain and may have
important practical applications in the field of neurology and
neurosurgery [21-22]. Indeed, the research finding that brain
tumors can metastasize to deep cervical lymph nodes suggests
the existence of lymphatic drainage pathways for the central
nervous system in humans [23-29]. Reconsideration of traditional
concepts has already led to new ideas about brain functioning
and may enable the development of new approaches to selected
neurodegenerative diseases [30-35]. It is interesting to note that
further study of the lymphatic system as a “window” to the central
nervous system may lead to innovative methods of delivering
drugs to the brain bypassing the blood-brain barrier. Using the
lymphatic system may open up new possibilities for drug delivery
by bypassing this barrier and reaching the desired brain regions
[36,37]. In the studies of Yu.l. Borodin, it was proven that both
under physiological conditions and under pathology in the brain,
there is a discharge of cerebrospinal fluid into the lymphatic
bed of the body [38-40]. Recent studies have also confirmed the
circulation of fluid from the meningeal lymphatic system of the
brain with macromolecules and immune cells from the central
nervous system in the deep cervical lymph nodes. Labeled particles
and macromolecules injected into the brain and/or cerebrospinal
fluid mainly drain into the cervical lymph nodes [41-48]. Further
research is aimed at better understanding the pathophysiology of
the brain in order to develop more effective treatments and prevent
the pathological process. Discoveries of key molecular pathways
involved in the formation of AGM promise the development of

effective treatment strategies to further reduce AGM [49,50].
However, none of the available methods for correcting ICH
(decompressive craniectomy and osmotherapy) stop the main
molecular cascade leading to cerebral edema. Research into the
molecular principles of cerebral edema is identifying new targets
for treatment, such as exposure factors, vascular permeability,
and fluid-electrolyte balance. This opens up opportunities for the
development of new drugs and therapeutic approaches that can
more effectively target the molecular pathways that cause cerebral
edema [51-54]. The current approach to drug treatment of cerebral
edema largely revolves around the increasingly artificial distinction
between cytotoxic and vasogenic cerebral edema. These off-target
interventions, such as hyperosmolar drugs and sedation, have been
the mainstay of clinical practice and offer unimpressive solutions
to a serious problem. Our current understanding of the underlying
molecular mechanisms causing cerebral edema is increasing,
with differences between diseases and populations emerging. As
our understanding of the underlying molecular mechanisms of
neuronal injury continues to expand, so does the list of targeted
therapies in development [55,56].

2. Removal of Fluids from the Central Nervous System

The mechanism of fluid removal from the central nervous system
remains not fully understood. Fluid clearance is important to
protect against the development of cerebral edema and promote its
resolution. Excess water can leave the CNS either by volumetric
flow down a perivascular pressure gradient or through the astral-
glial or glymphatic system. One important way to remove excess
cerebrospinal fluid from the brain is through the fluid pathways.
along the basement membrane in the walls of the capillaries to the
cervical lymph nodes. GS refers to a dynamic lymphatic network
of Aquaporine-4 (APQ4)-expressing astrocytes involved in fluid
clearance [57-63]. Glymphatic flow exhibits diurnal fluctuations,
with the highest flow occurring during sleep. APQ4 knockout
studies have demonstrated differences in the involvement of APQ4
in the formation and clearance of edema between the brain and
spinal cord [64-70]. It is important to note that cerebral edema
manifests differently in different disease states. For example, edema
following cerebral ischemia involves early cellular/cytotoxic
edema followed by delayed BBB opening. This differs from the
manifestations in TBI, where mechanical disruption of the BBB
occurs almost immediately and is subsequently accompanied by
cellular, vasogenic and inflammatory factors that promote edema.
Moreover, the swelling associated with acute brain injury differs
significantly from the swelling that occurs in chronic diseases.

3. Glymphatic System

First discovered less than a decade ago, HS provides a pathway for
the influx of cerebrospinal fluid into the brain (via the periarterial
space) and the clearance of interstitial fluid from the brain
(perivenous spaces), with a key role being played by aquaporin-4
(AQP4) channels at the vascular ends of astrocytes. Although this
system has been widely studied in the context of neurodegenerative
diseases (amyloid-b and tau clearance) and sleep pathways, recent
efforts have also implicated it in the development of AMS after
ischemic stroke. Subsequent studies of subarachnoid hemorrhage
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(SAH) and TBI also identified GS disruption as a contributing factor
to cerebral edema, secondary injury, and BBB dysfunction [71-74].
The discovery of the lymphatic drainage system, which maintains
brain homeostasis and is involved in immune surveillance,
represents a new therapeutic target for the treatment of neurological
dysfunctions. This not only changed the understanding of fluid
circulation in the brain, but also contributed to the understanding of
the pathology of the central nervous system and the mechanisms of
neuroinflammatory diseases. More and more studies highlight the
importance of lymphatic function in various neurological diseases.
As a widespread clearance system in the brain, GS may influence
many neurological disorders, providing a new direction for future
research into disease mechanisms and treatments. The main
function of the lymphatic system is drainage and detoxification.
It has been established that, under physiological conditions, up to
70% of cerebrospinal fluid from the subarachnoid space flows into
the venous system of the brain, and up to 30% into the regional
lymph nodes of the central nervous system in the cervical and
paravertebral regions. Academician Borodin Yu. I. et al. revealed
the anatomical and functional relationship of the central nervous
system and the lymphatic system, the circulation of cerebrospinal
fluid and lymph in the central nervous system, and also proved
the effectiveness of lymphotropic therapy in correcting disorders
of liquor dynamics in various pathological processes. These
prerequisites, as well as the clinical work of many other authors,
allow us to consider the use of lymphostimulating technologies in
the treatment of TBI as appropriate and pathogenetically justified
. Drainage from the CNS to the cervical lymph nodes has been
documented in numerous studies using tracers or injection of
antigen into the cerebrospinal fluid. Lymphoid-like structures in
the meninges have been described in the adult mouse brain, and this
pathway may transport extracellular solutes to the cervical ganglia
. The discovery of HS opens a new direction in the understanding
of brain diseases, which shifts the focus from changes in specific
brain structure to the general circulation of fluid in the brain. An
example is the crucial role of GS in understanding the occurrence
of cerebral edema. However, recent HS studies have shown that
CSF is the main source of initial cerebral edema rather than
blood leakage. Improving drainage of the brain lymphatic system
may have potential clinical implications in neurovascular and
neuroinflammatory diseases. Developing strategies to improve the
impaired function of the lymphatic drainage system is a priority
in the treatment of neurological diseases. Taking into account
the anatomical and functional relationship of the central nervous
system and the lymphatic system, the circulation of cerebrospinal
fluid and lymph, it seems justified and pathogenetically justified to
use the method of indirect lymphostimulation in the treatment of
patients with cerebral edema due to TBI and hemorrhagic stroke
(HI) in the acute period.

4. Materials and Methods

The scientific study included data from patients who were in the
neuroreanimation department of the Bukhara branch of the Russian
Research Center for Emergency Medicine. The materials of 75
patients were studied, of which 38 with TBI and 37 patients with
HI. The age of the patients ranged from 37 to 68 years (mean age
was 58.2+2 years). By gender - there were 43 men (57.3%), women
- 32 (42.7%). All patients underwent standard diagnostic methods
(assessment of neurological status during a joint examination by a
neurologist and neurosurgeon, Multislice-Computed Tomography
(MSCT), as well as laboratory tests (leukoformula, neutrophil
to lymphocyte ratio index (NLRI)). Neurostatus was assessed
using the Glasgow Coma Scale (GCS), with the average score
upon admission to hospital being 9.3+2.1. On MSCT, in patients
with hemorrhagic stroke, hemispheric hematomas accounted
for 29 (78.3%), brainstem 4 (10.8%), ventricular 2 (5.4%) and
subarachnoid 2 (5.4%), and in patients with TBI Subdural 24
(63.1%), parenchymal 10 (26.3%), as well as brainstem hemorrhage
4 (10.5%) and areas of brain contusion that did not require surgical
intervention were identified. All patients with TBI and HI were
divided into two groups. The first is a control group that received
standard therapy.The second is the main group, whose patients
received lymphotropic decongestant therapy as part of an intensive
care complex. For the purpose of decongestant therapy, a solution
of lidocaine 2%-1 ml, dexamethasone 4 mg, 10% glucose solution
3 ml was injected submastoidally on one side. in one syringe (the
method was approved at a meeting of the Ethics Committee of
the Ministry of Health of the Republic of Uzbekistan, protocol
No. 7 of November 9, 2023). Submastoid lymphotropic injections
were carried out for 5 days, along with conservative treatment,
including: antibacterial, decongestant, membrane stabilizing,
hemorheological, cerebroprotective and symptomatic therapy.A
comparison of clinical and laboratory parameters was carried out
in three stages: the first stage - upon admission, the second stage:
day 5, the third stage - 10 days of intensive therapy.

5. Results and Discussion

Analysis of the results of the control group of patients with TBI
(n=20), who received standard treatment methods, showed that the
level of impairment of consciousness at the time of admission to
the hospital (the first stage of the study) averaged 10.1 points on
the GCS. At this stage, in the blood test, segmented neutrophils
amounted to 60%, and the number of lymphocytes - 16%, while
the ratio index of segmented neutrophils to lymphocytes was 3.7.
On the 5th day of treatment (the second stage of the study), the
level of consciousness impairment was 11.1 points on the GCS.
The number of segmented neutrophils was 62%, lymphocytes
15%, respectively, the NLR indicator was 4.1. On the 10th day of
the study, the neurological status remained the same, amounting
to 11.2 points on the GCS. At the same time, the number of
segmented neutrophils was 65%, lymphocytes 18%, and the ISNL
was 3.6 (graph 1).
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Table 1: Dynamics of indicators in the control group of patients with TBI.

When analyzing the results of patients in the main group of
patients with TBI who underwent lymphotropic decongestant
therapy (n=18), the following data were revealed - at the first stage
of the study, the level of impairment of consciousness averaged 9.1
points on the Glasgow scale. In laboratory blood tests, the number
of segmented neutrophils was 58%, and lymphocytes - 12%, while
the ISNL indicator was 4.8. At the second stage of the study, the
assessment of the level of consciousness was 11.3 points on the

GCS. Segmented neutrophils in the blood accounted for 60%, and
lymphocytes 18%, respectively, the ISNL indicator was 3.3. At the
third stage of the study, a noticeable increase in all these indicators
was observed. There was clearing of consciousness to stupor, the
average score of which was 13.1 points. And the indicators of the
general blood test were: segmented neutrophils 62%, lymphocytes
20%, and ISNL 3.1 (graph 2).
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Table 2: Dynamics of indicators of the main group of patients with TBI who underwent lymphotropic decongestant therapy.

(n=22) showed the following data: at the first stage of the study,
the level of impairment of consciousness averaged 8.2 points
on the Glasgow scale. In laboratory blood tests, the number of
segmented neutrophils was 50%, and lymphocytes - 14%, while
the ISNL indicator was 3.6. At the second stage of the study, the
assessment of the level of consciousness was 10.1 points on the

GCS. Segmented neutrophils accounted for 54%, and lymphocytes
23%, respectively, the ISNL indicator was 2.3. At the third stage
of the study, the level of consciousness according to the GCS was
11.3 points. And the indicators of the general blood test were:
segmented neutrophils 58%, lymphocytes 22%, and ISNL 3.3

(graph 3).
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Table 3: Dynamics of indicators in the control group of patients with HI.

When analyzing the results of patients in the main group with
HI (n=15), the following data were revealed: at the first stage
of the study, the level of impairment of consciousness averaged
9.1 points on the Glasgow scale. In blood tests, the number of
segmented neutrophils was 56%, and lymphocytes - 16%, while
the ISNL indicator was 3.5. At the second stage of the study, the
assessment of the level of consciousness was 10.2 points on the

GCS. Segmented neutrophils accounted for 60%, lymphocytes
22%, the ISNL index was 2.7. At the third stage of the study, a
noticeable increase in all these indicators was observed. There was
clearing of consciousness to stupor, the average score of which
was 13.1 points. And the indicators of the general blood test were:
segmented neutrophils 62%, lymphocytes 25%, and ISNL 2.5

(graph 4).
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Table 4: Dynamics of indicators of the main group of patients with HI who underwent lymphotropic decongestant therapy

Dynamic neuroimaging control (MSCT of the brain) made it
possible to obtain information about the state of the hemorrhage,
the bruise zone, and the perifocal zone. Analysis of the obtained
data from the MSCT study revealed that all patients in both groups
had parenchymal and hemorrhages in the subarachnoid space and
ventricles of the brain on the primary MSCT. In addition, congestion
of the sulci of the cerebral cortex and narrowing of the basal
cistern were signs of intracranial hypertension with symptoms of
impaired consciousness. In patients of the main group, against the

background of lymphotropic decongestant therapy on the second
and third MSCT, regression of cerebral edema was evidenced by
the appearance of signs of improvement in the ar chitectonics
of the cerebral cortex, restoration of the normal sizes of the basal
cisterns and ventricles of the brain (Figures 1 and 3). All these
manifestations corresponded to positive neurological changes.
And in patients in the control group, the above changes on MSCT
of the brain appeared noticeably slowly (Figures 1 and 2).
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Figurer 1: MSCT of the patient. with hemorrhagic stroke of the main group (A — upon admission, B — on the 5th day, C — on the 10th

day).

Figure 2: MSCT of a patient with a traumatic brain injury in the control group (A —upon admission, B — on the 5th day, C — on the 10th

day).

Dynamic changes in the neurological status and computed
tomography in both groups corresponded to changes in laboratory
parameters that reflected changes in the leukocyte formula (graph
1,2,3, and 4). Rapid positive dynamics were observed in the main
groups that received lymphotropic decongestant therapy compared
to data from the control group.

6. Conclusion

Lymphotropic decongestant therapy increases the effectiveness of
intensive basic treatment and prevents the progression of cerebral
edema in patients with TBI and HI. Neuromonitoring using
MSCT and comparison of clinical data allows dynamic objective
monitoring of cerebral edema.
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