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Annotation: Disorders of cerebrospinal fluid 

(CSF) dynamics play a critical role in the development 

of chronic cerebral ischemia, particularly in cases of 

dyscirculatory encephalopathy (DE). Chronic ischemia 

arises from impaired cerebral blood flow, which results 

in prolonged oxygen and nutrient deprivation within 

neural tissues. This deficit fosters progressive 

degenerative changes in the nervous system. Altered 

CSF circulation further exacerbates ischemic and 

hypoxic injury to brain structures. Numerous studies 

have shown that impaired CSF outflow combined with 

elevated intracranial pressure can intensify vascular 

dysfunction, leading to persistent cognitive 

impairments, emotional instability, and various 

neurological symptoms. Employing a comprehensive 

management strategy including the assessment and 

correction of CSF dynamic disturbances is therefore 

crucial for patients with chronic cerebral ischemia, as it 

contributes to improved clinical outcomes, enhanced 

quality of life, and a slower progression of the 

pathological process. 
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INTRODUCTION 

 

Recent analyses of scientific literature have demonstrated that, despite notable advances in 

understanding the molecular mechanisms underlying cerebrovascular diseases, the 

pathophysiology of dyscirculatory encephalopathy (DE) remains insufficiently explored. The lack 

of a standardized diagnostic algorithm and the absence of universally effective treatment strategies 

indicate that the key pathogenic mechanisms of DE are not fully understood. Therefore, 

investigating factors that contribute to the development of atrophic changes in cerebral tissue 

remains a pressing issue in modern neurology and clinical neuroscience. 

Objective: 

The primary aim of this study was to evaluate the significance of cerebrospinal fluid (CSF) 

dynamic disturbances in the pathogenesis of dyscirculatory encephalopathy (DE). 

Materials and Methods 

The study included 317 patients diagnosed with DE, comprising 118 men and 199 women, 

aged between 30 and 60 years (mean age 60 ± 2.0 years). The diagnosis of DE was established 

based on a combination of clinical and neurological examinations, supported by multiple objective 

diagnostic methods: 

• Magnetic Resonance Imaging (MRI) of the brain, 

• MR angiography of intra- and extracranial arteries, 

• Echoencephalography (Echo-ES), 

• Transcranial Doppler ultrasonography (TCD), and 

• Lumbar puncture to measure CSF pressure and evaluate the residual oxidizing capacity of 

cerebrospinal fluid (ROC-CSF). 

The findings from these methods suggested that disturbances in CSF dynamics, often arising 

from autoimmune or aseptic inflammatory processes, contribute to cerebral hypoperfusion. This 

hypoperfusion, in turn, promotes the activation of glycolytic (anaerobic) metabolic pathways in 

neural tissue. 

Results 

It is well-established that anaerobic glycolysis produces only two molecules of ATP, 

equivalent to approximately 61 kJ/mol of free energy. This level of energy production is critically 

insufficient to sustain normal neuronal function and support metabolic needs of brain cells. 

Our study indicated that CSF dynamic disturbances, particularly those resulting from fibrotic 

adhesions within the brain and its meninges, serve as a primary factor leading to catabolic 

metabolic shifts in neural tissue. These metabolic disturbances exacerbate cerebral hypoperfusion, 

compromise energy homeostasis, and accelerate degenerative processes in the central nervous 

system. 

Assessment Methods 

To quantify the severity of CSF dynamic disturbances, the following techniques were 

employed: 

1. Dynamic Echo-ES to monitor cerebrospinal fluid circulation, 

2. Lumbar puncture for measuring CSF pressure and determining ROC-CSF, 

3. MR angiography of intra- and brachiocephalic arteries to identify the vascular 

causes of hypoperfusion that trigger anaerobic glycolysis. 

These methods provided an integrated assessment of both the cerebrovascular and 

cerebrospinal fluid dynamics, enabling a detailed understanding of the pathological mechanisms 

underlying DE. 
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To assess the severity of cerebrospinal fluid (CSF) dynamic disturbances in the brain, 

dynamic Echo-encephalography (Echo-ES), lumbar puncture with measurement of CSF pressure, 

and evaluation of the residual oxidizing capacity of cerebrospinal fluid (ROC-CSF) were 

employed. The underlying causes of cerebral hypoperfusion, which contribute to the activation of 

anaerobic glycolysis, were investigated using MR angiography of the intracranial and 

brachiocephalic arteries (Figure 1). 

1  

To determine the extent of cerebrospinal fluid (CSF) dynamic disturbances in the brain, 

dynamic Echo-encephalography (Echo-ES), lumbar puncture with CSF pressure measurement, 

and assessment of the residual oxidizing capacity of cerebrospinal fluid (ROC-CSF) were utilized. 

The factors responsible for cerebral hypoperfusion, which promote the onset of anaerobic 

glycolysis, were examined through MR angiography of the intracranial and brachiocephalic 

arteries (Figure 1). 

 
Figure 2 – English Version (High-paraphrase, Expanded) 

In patients with stage III dyscirculatory encephalopathy (DE), brain MRI revealed marked 

expansion of the subarachnoid spaces over the convexity, enlargement of perivascular channels, 

and dilation of the ventricular base cisterns. On Echo-encephalography (Echo-ES), multiple high-

amplitude echo signals with bifurcated peaks were observed, accompanied by pronounced 

widening of the base of the midline M-echo. Notably, pulsations of the echo signals were absent. 
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The systolic cerebral blood flow velocity, measured via transcranial Doppler (TCD), averaged 

over 200 cm/s. Lumbar cerebrospinal fluid (CSF) pressure measurements averaged 370 ± 20 mm 

H₂O, while the residual oxidizing capacity of CSF (ROC-CSF) was 27 ± 4.0 mg %. 

These findings from clinical-neurological assessments and objective imaging techniques 

collectively indicate that disturbances in CSF dynamics are present to varying degrees across all 

stages of DE and constitute a major contributing factor to the development of cerebral 

hypometabolism. 

Pathophysiological Mechanisms 

The observed CSF dynamic disturbances are often secondary to autoimmune or aseptic 

inflammatory processes, which lead to cerebral hypoperfusion and trigger glycolytic (anaerobic) 

metabolic pathways. Anaerobic glycolysis produces only two molecules of ATP per glucose, 

equivalent to approximately 61 kJ/mol of free energy, which is insufficient to meet the energy 

demands of neurons. Consequently, neurons cannot sustain normal cellular functions under 

prolonged energy deficit. 

During this intracellular energy depression, a subset of neurons undergo apoptosis, while 

others survive by relying on exothermic energy released from the breakdown of macromolecular 

complexes (protein–mucopolysaccharide–lipid matrix). This represents a catabolic (destructive) 

metabolic process. However, the energy derived from catabolism remains inadequate for 

maintaining normal neuronal activity, and thus, these catabolic processes progress gradually over 

time. 

Oxidative Stress and Neurodegeneration 

Persistent intracellular energy deficits are accompanied by the release of highly reactive free 

radicals (HRFRs), which possess strong destructive potential. Under the influence of HRFRs, pre-

existing degenerative and atrophic changes in the brain are exacerbated, leading to reduction in 

brain volume and mass observed in DE. Proteins dissociated from mucopolysaccharide complexes 

during catabolic metabolism act as autoantigens, triggering chronic autoimmune inflammation 

within brain parenchyma, ventricles, and meninges. This inflammatory process results in adhesion 

formation (fibrosis), which further disrupts CSF dynamics and contributes to cerebral 

hypoperfusion. The subsequent depression of intracellular energy synthesis perpetuates a vicious 

cycle of metabolic insufficiency, neurodegeneration, and inflammation. 

Conclusions 

1. CSF dynamic disturbances arising from fibrotic adhesions within the brain 

parenchyma and meninges represent a primary factor driving catabolic metabolism in neural 

tissue. 

2. Such disturbances are consistently observed across all stages of DE and are a key 

contributor to cerebral hypometabolism. 

These mechanisms highlight the central role of CSF circulation abnormalities in the 

pathophysiology of DE, linking structural brain changes, hypoperfusion, and metabolic 

insufficiency in a complex interrelated process. 
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