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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 morphometric parameters 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, forensic medical criteria were developed to 

assess their severity and timing. 

Keywords: traumatic brain injury, cerebrospinal fluid circulation, thanatogenesis, 

morphology, morphometry, forensic evaluation. 

ТАНАТОГЕНЕТИЧЕСКИЙ И ЭКСПЕРТНЫЙ АНАЛИЗ СТРУКТУР СИСТЕМЫ 

ЦИРКУЛЯЦИИ ЛИКВОРА ПРИ ЧЕРЕПНО-МОЗГОВОЙ ТРАВМЕ 
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АННОТАЦИЯ. 

Почти во всех случаях черепно-мозговой травмы (ЧМТ) наблюдаются смещение и 

деформация головного мозга, после чего происходит его возврат в исходное положение. Этот 

процесс сопровождается динамическим перераспределением спинномозговой жидкости 

(СМЖ) в субарахноидальном пространстве и желудочковой системе. В связи с этим изучение 

структур системы циркуляции ликвора при ЧМТ имеет важное танатогенетическое и 

экспертное значение. 

В исследовании проведён ретроспективный анализ черепно-мозговых травм. Впервые 

изучены морфологические и морфометрические параметры системы циркуляции СМЖ, 

определены основные стадии танатогенеза при смертельных ЧМТ. На основе системного 

анализа нарушений циркуляции ликвора разработаны судебно-медицинские критерии для 

оценки их выраженности и давности. 

Ключевые слова: черепно-мозговая травма, циркуляция ликвора, танатогенез, 

морфология, морфометрия, экспертная оценка. 

БОШ МИЯ ЖАРОҲАТИДА ЛИКВОР АЙЛАНИШ ТИЗИМИ 

СТРУКТУРАЛАРИНИНГ ТАНАТОГЕНЕТИК ВА ЭКСПЕРТЛИК ТАҲЛИЛИ 

Исмаилова Мехрибан Олимбаевна — PhD 

Исмаилов Олимбой — PhD 

Тошкент тиббиёт академияси Урганч филиали 

АННОТАЦИЯ. 

Деярли барча бош мия жароҳати (БМЖ) ҳолатларида миянинг силжиши ва 

деформацияси кузатилади, сўнгра у яна ўз ҳолатига қайтиб келади. Бу жараён субарахноидал 

бўшлиқ ва мия қоринчалари тизимида ликворнинг динамик қайта тақсимланиши билан 

кечади. Шу жиҳатдан, БМЖда мия жароҳатларининг танатогенезини, айниқса ликвор 

айланиш тизими структураларини ўрганиш долзарб аҳамиятга эга. Тадқиқотда бош мия 



 

Toshkent tibbiyot akademiyasi Urganch filiali “Jamoat salomatligi 

va umumiy gigiyena” kafedrasi mudiri, Ibadulla Qochkarovich 

Abdullayevning 70 yilligiga bag‘ishlangan “Sog‘liqni saqlash 

tizimida menejmentning zamonaviy muammolari va istiqbollari” 

mavzusidagi xalqaro ilmiy-amaliy anjuman 2025-yil 20-21 oktabr 
 
 

28 

жароҳатларининг ретроспектив таҳлили амалга оширилди. Биринчи марта ликвор айланиш 

тизимидаги морфологик ва морфометрик кўрсаткичлар ўрганилди ҳамда ўлимга олиб келган 

БМЖ ҳолатларида танатогенезнинг асосий босқичлари аниқланди. Ликвор айланиш 

бузилишларининг тизимли таҳлили асосида уларнинг оғирлик ва давомийлик даражасини 

баҳолаш учун суд-тиббий экспертлик мезонлари ишлаб чиқилди. 

Калит сўзлар: бош мия жароҳати, ликвор айланиш тизими, танатогенез, морфология, 

морфометрия, экспертлик баҳолаш. 

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 criteria for assessing its severity and timing. 

Materials and Methods: The material for this study consisted of 84 forensic medical 

examination reports on fatal traumatic brain injuries. 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% of 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‰. 

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

other injuries. 

The death of patients with TBI 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 Forensic 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 introduction of autologous blood into 

the CSF has revealed three stages: 

1. The spread of blood through the CSF system 

2. The formation of clots 

3. Their lysis 

Arterial 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 changes 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 arachnoid 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 nerve elements and 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 of nerve 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 changes, their shape becomes rounded, intercellular spaces expand, and 

the internal elastic membrane undergoes folding. These phenomena are accompanied by focal 

rarefaction of myofilaments in smooth muscle cells, leading to pronounced and persistent vascular 

spasm. 

Additionally, the disruption of barrier functions allows degradation products 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 maintaining the spasm, as confirmed by 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, IVH), which significantly worsens the 

disease prognosis. Clinical data indicate that the incidence of IVH ranges from 13% to 28%, while 

autopsy findings report a frequency of 37% to 54%. This leads 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 of the 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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