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ABSTRACT.

In almost all cases of traumatic brain injury (TBI), displacement and deformation of the brain
occur, followed by its return to the original position. This process is accompanied by a dynamic
redistribution of cerebrospinal fluid (CSF) within the subarachnoid space and the ventricular system.
Therefore, studying the structural components of the CSF circulation system in TBI has significant
thanatogenetic and forensic importance«~A retrospective-analysis of traumatic brain injuries was
conducted. For the first time, morphological: and jmorphometricparameters of the CSF circulation
system were examined, and the main.stages-of thanatogenesis-in fatal TBI were determined. Based
on a systematic analysis of’CSF circulation-disorders;-farensic medical, criteria were developed to
assess their severity and timing.
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TAHATOTEHETUYECKWIA 1 SKCHEPTHBIN AHAJIU3 CTPYKTYP CUCTEMBbBI
IUPKYJISSHUN JINKBOPA ITPH YEPEITHO-MO3I'OBOM TPABME
VicmawioBa Mexpn6ad Osim6aesna-— PhD
Hemannos Onumooit — PhD
Yprenuckuii puinan TanrkeHTCKkoN MEAUIUHCKOM aKaieMun
AHHOTATIHSL.

[Toutn BO BCEX caydasix uepemHO-MO3TOBOM TpaBMbl (UMT) HaGmIOAaIOTCS CMEIIEHHUE U
[le(l)OpMaIlI/IH T'OJIOBHOI'O MO3T'a, TIOCJIC YCr'o HPOUCXOAUT €Iro BO3BPAT B MCXO/HOC ITOJIOKCHUC. IT1oT
mpouecc CONpOBOXKIAACTCA~ AMHAMUYCCKUM “TIEPEPACIIPCACIICHUEM CIIMHHOMO3TOBOM KHUAKOCTU
(CMIX) B cybapaxHOMIANBHOM HPOCTPAHCTBE U IKETYI0UKOBOTCUCTEME. B CBS3U C OTHUM H3y4CHHE
CTPYKTYpP CHUCTEMBI LUPKWIANUU JUKBOPa..ipu YMT~ UMEET "BaXKHOEC TAHATOICHETUYECKOE H
OKCIICPTHOC 3HAUCHUC.

B HUCCIICO0OBaHNHU HpOBe,ZLéH pCTPOCHeKTI/IBHHﬁ AHaJIU3 YCPCITHO-MO3I'OBBLIX TPABM. BHepBLIe
u3ydeHsl Mopdosoruyeckue u MopPoMeTpuyYeckne mapamMeTpbl cucteMbl HUpKyssinuun CMIK,
OIMPEACIICHBI OCHOBHBIC CTAAWH TAHATOICHE3a IIPU CMCPTCIIBbHBIX YMT. Ha ocHOBe CHUCTEMHOI'O
aHaJIM3a HapylIeHUH LUPKYJSLUU JMKBOpa pa3paboTaHbl CyAeOHO-MEIULMHCKUE KPUTEPUM IS
OLCHKHU UX BBIPAKCHHOCTH U JaBHOCTH.

KurwueBbie ciaoBa: 4YepenHO-MO3roBas TpaBMa, MUPKYJISLUHS JIMKBOpPA, TAaHATOTEHE3,
MopdoJorus, MophoMeTpHs, SKCIIEPTHAS OLIEHKA.

bOIII MUsSA KAPOXATHUIA JIMKBOP AWJIAHUII TU3UMHU
CTPYKTYPAJIAPUHUHI TAHATOI'EHETUK BA 3KCIIEPTJIUK TAXJINJIN
Hcmannosa Mexpuban OnumbaeBaa — PhD
Hcemannos Onum6boit — PhD
TomkenT THOOMET akanemusicu Yprand Guirnaim
AHHOTALUSIL.

Hespnmu  Gapua Oom must sxapoxatu (BMJK) xonatnapuna MUSHHUHT CHJDKUIIM Ba
nedopmanuscu Ky3aTuiiaau, CYHrpa y siHa ¥3 xojaTtura Kaitub kenaau. by xapaén cybapaxHouman
6SIIH_IJ'II/IK Ba MHA KOpHHYAJIApW TU3HUMHUOA JTUKBOPHUHI AWHAMUK KaﬁTa TaKCUMJIAHUIITN Omian
keuagu. ly sxuxatman, BMJKma Mus xapoxaTiapUHUHI TaHATOT€HE3WHU, AMHHMKCA JIMKBOP
alIaHUII TH3UMH CTPYKTypajapwHH YpraHWIl noi3apd axamusarra sra. TaakukoTaa Oom Mus
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KApOXaTJIapUHUHI PCTPOCIICKTHUB TaXJIMJIW aMajira OIIUPUIIAHN. EI/IpI/IH‘-II/I MapTa JIMKBOP allJIaHUII
TU3UMUIATH MOP(OJOTUK Ba MOPHOMETPUK KYPCATKUWIAp YPraHWIIU Xama YJIuMra oiauo KejaraH
BMJ)K xomarnapuaa TaHATOTCHE3HHHI AacOCHil OOCKHWIapW aHUKIaHAu. JIMKBOp alaHwWII
6y31/IJ'II/IHIJ'IapI/IHI/IHF TU3UMIIM TaxXJIMJIW aCoChJa YJIApHHUHI' OFUPJIMK Ba HaBOMHﬁHHK JapaxaCuHU
0axoJamnt yayH Cya-THOOUI 3KCIEPTIIMK ME30HIIAPH UIIUTA0 YUKHIIIIH.

KaauT cy3aap: 6omr Mus )apoxaTH, JUKBOP alJIaHUII TU3UMH, TaHATOreHe3, Mopdoorus,
MopoMeTpus, SKCTIEPTIUK Oaxoar.

Introduction. Subarachnoid hemorrhage (SAH) is one of the most severe consequences of
traumatic brain injury (TBI) and rupture of cerebral aneurysms. It is characterized by the penetration
of blood into the subarachnoid space, leading to a cascade of pathological reactions, including CSF
circulation disorders, inflammatory responses, and ischemic processes. Understanding the
pathogenesis mechanisms of these disorders is-Crucial for.diagnosis, treatment, and prognosis. This
article provides a detailed review_of the primary mechanisms.and consequences of CSF dynamics
disturbances in SAH.

Research Objective.<To conduct_a-systematic_analysis of \CSF circulation disorders in
traumatic brain injury and develop expert criteriafor assessing Its severity\and timing.

Materials and /Methods: ~The material for,this studysconsisted. of 84 forensic medical
examination reports on fatal-traumatic'braininjuries. Among the victims, 72 (85.7%) were men and
12 (14.3%) were women.

The average 'age- of! individuals who suffered fatal TBIs' was 36.6+8.4 years. The
circumstances of the ‘injuries were.@as follows:*78.6%0f cases resulted from road traffic accidents,
12.4% from falls from heights and 9% from head trauma caused by blunt objects in domestic
incidents.

In all cases of TBI, 67.8% of victims sustained their injuries'while under the influence of
alcohol, with intoxication.levels ranging from 0.78 to 6.2%o.

Of the cases studied, 49 involved isolated TBI, while 35 cases involved TBI combined with
other injuries.

The death of patients with TBl.occurred within the first.24'hours (53'cases) and at later stages
(31 cases).

The autopsy examination of the bodies of-the-injured was carried out in accordance with the
procedure and sequence defined by.the “Rules for Foréensic Medical‘Examination of a Corpse™ (2010).

When studying pathomorphology, we focused on the-analysis of the nature of primary and
secondary injuries, brain dislocation and entrapment, and postoperative complications. Secondary
brain injuries were caused by disturbances in cerebral circulation, cerebrospinal fluid dynamics, brain
edema-swelling, and intracranial inflammatory complications. The immediate cause of death, the
presence of extracranial complications, and comorbid diseases were clarified.

Research Results and Discussion

Considering the choroid plexuses of the ventricles, the meninges, and the intermeningeal
spaces as a single three-component cerebrospinal fluid (CSF) circulation system allows for a deeper
understanding of the mechanisms underlying various pathologies that develop after traumatic brain
injury (TBI). These conditions include leptomeningitis, choroidependymitis, pachymeningitis,
hydrocephalus, arachnoid cysts, as well as subarachnoid and intraventricular hemorrhages. Despite
differences in morphological presentation, they share a common localization and involve all three
components of CSF circulation in the pathological process, albeit to varying degrees.

It is important to note that damage to CSF circulation structures always precedes secondary
changes in cerebral structures (except for direct injury in TBI). In each specific case, causal
relationships are determined by the characteristics of the disease, its localization, severity, and other
factors.

Disruption in one component of the cerebrospinal fluid (CSF) circulation system inevitably
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leads to dysfunction in the other components; however, each disease exhibits its own specific
characteristics. For example, in leptomeningitis, arachnoid cysts, and subarachnoid hemorrhages
(SAH), the most significant factor is impaired CSF circulation in the subarachnoid space.
Intraventricular hemorrhages, which occur as a complication of SAH, primarily affect CSF
circulation within the brain's ventricles. In the case of hydrocephalus, the main pathogenic factor is
impaired CSF outflow, leading to its excessive accumulation and increased intracranial pressure.

Disorders of the CSF circulation system are interconnected. Acute leptomeningitis can
become chronic, causing fibrosis and resulting in occlusive or resorptive hydrocephalus. SAH often
leads to aseptic leptomeningitis, while purulent meningitis can cause pachymeningitis, leading to
secondary brain damage.

A comprehensive study of the CSF circulation structure in pathology allows for a deeper
understanding of the mechanisms of these-processes-and-their clinico-morphological manifestations
in TBI. SAH is an independent form of acute cerebrovascular.accident. The study of morphological
changes in paracerebral barriers‘after aneurysm rupture and the intreduction of autologous blood into
the CSF has revealed three stages:

1. The spread‘of blood thretigh the CSF system

2. The formation.of clots

3. Their lysis

Avrterial spasm/in<SAH/occurs in two phases: a short-term phase-and a prolonged phase. In
favorable cases, the/blood vessels restore their.lumen, which can be considered the third stage of
spasm. All pathological-ehanges in.SAH are interconnected and develop sequentially.

The first stage of SAH: hemorrhage and the spread of blood,through the CSF system. Blood
that enters the subarachnoid space spreads with the CSF flow:through the CSF pathways, reaching
their drainage openings at the tops of the gyri‘and penetrating the subarachnoid trabecular spaces. A
significant accumulation of blood increases the volume of CSF, leading to-acute CSF hypertension.

In the early stages; before clot formation; increased CSF pressure promotes enhanced CSF
elimination through the pulmonary-hematological barrier, partially clearing the CSF of erythrocytes
and other blood components: Erythrocytes penetrate the arachneid membrane, intercellular spaces,
the subdural space, and even the thickness of the dura.mater, where they accumulate around the
capillaries of its inner network, The spread of blood-through the CSF pathways, where arteries pass,
leads to mechanical irritation of the vascular nerye elementsand paravascular nerve plexuses, causing
a short-term arterial spasm. The coagulation of blood in the“CSF with the formation of clots. The
second stage of SAH: blood clot formation and disruption of CSF circulation. The formation of blood
clots in the subarachnoid space partially or completely blocks the CSF pathways, leading to impaired
CSF microcirculation. Depending on the location of the blockage, this may affect individual channels,
one hemisphere, or both. As a result, progressive CSF hypertension develops.

Additionally, impaired CSF microcirculation in the drainage pathways hinders its outflow
through the pulmonary-hematological barrier, slowing the removal of blood components. This factor,
along with other mechanisms, contributes to the development of prolonged arterial spasm.

Blood clots most commonly form around paravascular structures and nerve plexuses of major
arteries. Their density depends on the ratio of blood to CSF. During the coagulation process, some
platelets break down, releasing serotonin—a substance with a strong vasoconstrictive effect. Even a
minimal amount of serotonin in the CSF (0.05 ml) triggers an immediate spasm of arterial branches.

The fixation of blood clots near paravascular nerve trunks intensifies the irritation of nerve
elements, sustaining prolonged arterial spasm. In the subarachnoid trabecular spaces, where CSF
circulates more slowly, blood cells also accumulate. By days 2—3, phagocytosis becomes active:
arachnoid endothelial cells and macrophages absorb clot components, facilitating CSF clearance and
its normalization.
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Lysis of blood clots (the third stage of SAH). At the final stage of subarachnoid hemorrhage
(SAH), the previously formed blood clots gradually undergo lysis. This process is driven by the
activity of arachnoid endothelial cells lining the subarachnoid space (SAS) and is accompanied by
the release of fibrin degradation products and blood elements (erythrocytes, leukocytes, and platelets)
into the CSF. Fibrinolysis products can have a strong vasoconstrictive effect, contributing to the
development and maintenance of prolonged arterial spasm. Studies have shown that, at the
submicroscopic level, the integrity of the barriers between CSF and adjacent tissues is compromised,
allowing degradation components to penetrate arterial walls, paravascular nerve trunks, and brain
structures. As a result, axons and vascular smooth muscle cells are affected, leading to brain edema.

The high reactivity of arachnoid endothelial cells plays a key role in these changes. Upon
contact with blood, they not only absorb its components but can also acquire macrophage-like
properties. In the paravascular nerve trunks-of the brain;-destruction of basal membranes, loosening
of collagen fibrils, and disruption ofnerve fiber structure are observed, which are also associated with
prolonged vascular spasm. Similar pathological processes also-occur in the major arteries of the brain.
As a result of endothelial cell ehanges; their shape-becomes rounded, intercellular spaces expand, and
the internal elastic membrane.undergoes folding. These phenomena are accompanied by focal
rarefaction of myofilaments insmeoth muscle<cells;.leading to pronounced,and persistent vascular
spasm.

Additionally, the disruption of barrier functions allows degradationsproducts from blood clots
to penetrate brain structures, exacerbating edema. It is possible that the release of serotonin stored in
brain tissues plays an‘additional role’'in maintainingthe spasm, as.confirmed-y studies conducted by
several authors.

The gradual lysis of blood clots facilitates the restoration of CSF circulation, leading to the
normalization of CSF pressure and the removal‘of degradation products beyond the SAS. As a result,
the phagocytic activity of.arachnoid endothelial cells decreases, indicating the recovery of the brain's
barrier structures and 'CSF circulation. One of the severe complications of SAH is the penetration of
blood into the brain's ventricles (intraventricular hemorrhage, 1VH); which significantly worsens the
disease prognosis. Clinical data indicate that the incidence of /\V/H ranges from 13% to 28%, while
autopsy findings report a frequency of 37%.t0 54%. This.deads to-structural disruption of the choroid
plexuses, ventricular ependyma, and arachnoid-membrane, resulting-in impaired CSF circulation.
Postmortem analysis of patients who died after aneurysm rupture revealed changes in the cells of the
choroidal epithelium and the stroma ofthe choroid plexuses,indicating a disruption of the blood-CSF
barrier. In some cases, edema, destruction of the epithelial layer, and penetration of erythrocytes into
the brain's ventricles were observed.

Damage to the ependyma lining the ventricles may be minimal, but in some cases, its
destruction, rupture formation, and accumulation of blood degradation products are detected. These
changes impair the function of the CSF barrier, contributing to the development of brain edema.

Conclusions

Subarachnoid hemorrhage (SAH) is one of the most severe consequences of traumatic brain
injury and the rupture of cerebral aneurysms. The entry of blood into the subarachnoid space triggers
a cascade of pathological reactions, including impaired CSF circulation, inflammatory processes, and
ischemic changes.

Understanding the mechanisms of these changes plays a key role in diagnosis, treatment, and
prognosis. This article examines the main aspects of CSF dynamics disturbances in SAH, including
the mechanisms of blood clot formation and lysis, arterial spasm, brain edema, and the consequences
of intracranial hemorrhage.
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