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Abstract:Traumatic brain injury (TBI) remains one of the leading causes 

of neurological disorders, which often leads to structural changes in the cerebral 

ventricles. These changes, including dilation, asymmetry, and alterations in 

cerebrospinal fluid (CSF) circulation, can result in a wide array of neurological 

impairments, such as cognitive deficits, motor dysfunction, and prolonged 

recovery times. Understanding these morphometric changes and their clinical 

implications is vital for early diagnosis and effective treatment of TBI patients. 

This review focuses on the morphometric and X-ray-anatomical changes that 

occur in the cerebral ventricles after TBI, the latest diagnostic approaches, and 

current and emerging therapeutic strategies, with a particular emphasis on 

managing complications like post-traumatic hydrocephalus. 

 

                                                    Introduction 

Traumatic brain injury (TBI) represents a significant public health concern 

worldwide, with millions of people affected every year. While the immediate 

consequences of TBI can include focal damage to the brain tissue, there are often 

secondary injuries that contribute to long-term morbidity, including edema, 

ischemia, and changes in the cerebral ventricles. The cerebral ventricles are key 

structures involved in the circulation of CSF, and changes in their size, shape, 

and function can reflect significant alterations in brain health. 

Increased ventricular volume, asymmetry, and other abnormalities in the cerebral 

ventricles are frequently observed following TBI. These changes are not only 

indicative of direct injury but may also predict long-term outcomes, including 

cognitive decline, motor impairments, and the development of complications 

such as post-traumatic hydrocephalus. Despite advancements in diagnostic 

imaging techniques, there is still limited understanding of how these ventricular 

changes correlate with the clinical course of TBI. The goal of this review is to 
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provide a comprehensive overview of the morphometric and X-ray-anatomical 

changes observed in the cerebral ventricles post-TBI, their neurological 

implications, and the current and potential future therapeutic strategies available 

for managing these complications. 

The purpose of the study: to study the morphometric, X-ray-anatomical, 

neurological characteristics of the cranial ventricles in various degrees of 

concussion and injury and to improve treatment based on the results obtained. 

                                                          Relevance 

Changes in the cerebral ventricles after TBI are highly relevant in the context of 

both diagnosis and prognosis. The ventricles play a crucial role in maintaining 

brain homeostasis, primarily by facilitating the circulation of CSF. Following 

TBI, these structures can become disrupted, leading to alterations in CSF 

dynamics and intracranial pressure, which are linked to neurological deficits. 

Morphometric changes in the ventricles, such as enlargement and asymmetry, 

can serve as key indicators of injury severity and progression. For example, 

ventricular dilation is often associated with increased intracranial pressure (ICP), 

which can further compromise brain function and exacerbate cognitive and 

motor impairments. Additionally, the presence of asymmetry in the ventricles 

can point to localized brain injury, often in areas of the brain that are responsible 

for cognitive and motor function. Given the clinical significance of these 

changes, there is a pressing need for reliable imaging biomarkers that can be 

used to assess the severity of TBI and predict long-term outcomes. While 

modern imaging techniques, including MRI and CT, have improved our ability 

to detect ventricular changes, these methods are not yet standardized, and their 

use in clinical practice remains inconsistent. Standardized protocols for imaging 

and analysis of the cerebral ventricles could significantly improve the 

management of TBI and help clinicians make more informed decisions about 

treatment and rehabilitation. 

The cerebral ventricles can undergo a variety of morphometric changes 

following TBI, with the most common being dilation, asymmetry, and shape 

alterations. These changes can be used to assess the severity of the injury and 

predict the patient’s neurological outcomes. Ventricular dilation, or the 

enlargement of the ventricles, is one of the most frequently observed changes 

following TBI. The ventricles may enlarge due to increased CSF volume, 

atrophy of surrounding brain tissue, or a combination of both. Research has 
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shown that ventricular dilation is more pronounced in moderate to severe TBIs 

and tends to correlate with worse neurological outcomes. In particular, dilation 

of the lateral ventricles is often associated with prolonged recovery, especially in 

cognitive functions like memory, attention, and executive function. 

Several studies have examined the relationship between ventricular dilation and 

cognitive deficits in TBI patients. For instance, a study by Wilson et al. (2022) 

demonstrated that patients with significant lateral ventricular enlargement 

exhibited marked impairments in memory recall and processing speed, as well as 

difficulties in executive functions such as problem-solving and decision-making. 

In addition, patients with ventricular dilation may experience a longer recovery 

period and are at greater risk for developing long-term neurological deficits, such 

as chronic traumatic encephalopathy (CTE). Asymmetry in the ventricles refers 

to an unequal size between the two lateral ventricles. This asymmetry is often 

seen in patients with focal brain injuries or localized damage, such as contusions 

or hemorrhages, which can disrupt CSF circulation. Ventricular asymmetry is 

commonly associated with lesions in the frontal or temporal lobes, which are 

involved in cognitive and motor function. 

The clinical significance of ventricular asymmetry is twofold: it can 

indicate localized brain damage and also reflect disruptions in CSF flow, which 

can lead to increased intracranial pressure (ICP) and worsening neurological 

symptoms. Studies have shown that patients with significant ventricular 

asymmetry often experience more severe cognitive impairments and poorer 

recovery prospects. 

In many cases, the changes in the ventricles post-TBI do not resolve with time 

and may even worsen. This can lead to chronic complications such as 

hydrocephalus or the development of CTE. Studies have found that in some 

patients, ventricular dilation can persist or even progress over time if left 

untreated. Chronic traumatic encephalopathy, for example, is often associated 

with long-standing ventricular changes, particularly in the setting of repeated 

head injuries. 

The use of imaging technology to assess changes in the cerebral ventricles 

is crucial for diagnosis, prognostication, and treatment planning. Several imaging 

modalities are commonly used to evaluate ventricular changes following TBI, 

each with its own strengths and limitations. Computed tomography (CT) is often 

used in the acute setting for the rapid assessment of brain injury. CT scans are 

highly effective for detecting hemorrhages, midline shifts, and significant 
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ventricular enlargement. However, CT is less sensitive than MRI for detecting 

subtle changes in ventricular morphology, such as early-stage dilation or 

asymmetry. Additionally, CT does not provide the level of detail needed to 

assess CSF flow dynamics, which can be important in understanding the 

pathophysiology of ventricular changes. 

Magnetic resonance imaging (MRI) is the preferred modality for detailed 

analysis of the cerebral ventricles. MRI allows for high-resolution imaging and 

can detect even small changes in ventricular volume. Advanced MRI techniques, 

such as volumetric analysis and T2-weighted imaging, provide critical insights 

into the size and shape of the ventricles and their relationship to surrounding 

brain tissue. MRI is also more sensitive than CT for detecting changes in CSF 

flow, which can be important for assessing the risk of hydrocephalus. In recent 

years, several advanced imaging techniques have been developed to further 

enhance our understanding of ventricular changes in TBI. 

Diffusion Tensor Imaging (DTI): DTI is an MRI technique that assesses 

the integrity of white matter tracts in the brain. It has been used to study the 

relationship between white matter damage and ventricular enlargement, 

providing insights into the mechanisms of TBI-related cognitive and motor 

deficits. Functional MRI (fMRI): Functional MRI allows for the assessment of 

brain activity in response to specific tasks. This technique has been used to 

explore how ventricular changes affect brain connectivity and function, 

particularly in relation to cognitive deficits. 3D Volumetric Analysis: This 

technique provides precise measurements of the ventricles in three dimensions, 

allowing for more accurate tracking of changes over time and a better 

understanding of how ventricular changes correlate with neurological outcomes. 

Changes in the cerebral ventricles can have profound neurological consequences, 

affecting both cognitive and motor function. The specific neurological 

impairments observed in TBI patients are often related to the degree of 

ventricular dilation and the presence of asymmetry or hydrocephalus. 

The most common cognitive impairments associated with ventricular 

changes in TBI patients are deficits in memory, attention, processing speed, and 

executive function. These impairments are particularly prevalent in patients with 

significant ventricular dilation, which disrupts the normal circulation of CSF and 

increases ICP. Research by Brown et al. (2021) found that patients with 

ventricular dilation often exhibited marked impairments in memory recall and 

problem-solving, which were directly correlated with the size of the ventricles. 
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Motor dysfunction, including difficulties with coordination, strength, and gait, is 

another common consequence of ventricular changes in TBI. This is particularly 

true for patients with significant ventricular enlargement, as the ventricles are 

located near key motor pathways in the brain. Studies have shown that 

ventricular dilation can lead to disruptions in the corticospinal tract, which can 

impair motor function. 

Ventricular morphology has prognostic significance in TBI. Patients with 

larger ventricles or greater ventricular asymmetry tend to have worse outcomes, 

including longer recovery times and greater long-term disability. The presence of 

post-traumatic hydrocephalus, in which excessive CSF accumulates in the 

ventricles, is also associated with poorer prognosis and the need for surgical 

intervention, such as ventriculoperitoneal shunting. The management of 

ventricular changes in TBI requires a multidisciplinary approach, including 

surgical, pharmacological, and rehabilitative interventions. Hydrocephalus is a 

common complication of TBI that results from impaired CSF circulation and 

ventricular dilation. The most common treatment for hydrocephalus is 

ventriculoperitoneal (VP) shunting, a surgical procedure in which a tube is 

placed to drain excess CSF from the ventricles to the peritoneal cavity. However, 

some patients may be candidates for endoscopic third ventriculostomy (ETV), a 

minimally invasive procedure that creates a bypass for CSF flow in the third 

ventricle. 

Rehabilitation is a critical component of TBI recovery, especially for 

patients with significant ventricular changes. Cognitive rehabilitation aims to 

improve memory, attention, and executive function, while physical therapy 

focuses on restoring coordination and motor strength. Both types of 

rehabilitation are essential for improving quality of life and enhancing functional 

outcomes. Several emerging therapies are being explored to address the 

neurological deficits associated with TBI and ventricular changes. 

Pharmacological Interventions: drugs that target CSF production, inflammation, 

and neurodegeneration are being investigated for their potential to improve 

outcomes in TBI patients with ventricular changes. Neuroplasticity 

Enhancement: Techniques such as transcranial magnetic stimulation (TMS) are 

being studied for their ability to enhance neuroplasticity and promote recovery in 

patients with cognitive and motor impairments. 

 

                                                        Conclusion 
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Morphometric and X-ray-anatomical changes in the cerebral ventricles play a 

critical role in the diagnosis, prognosis, and treatment of TBI. Ventricular 

dilation and asymmetry are important markers of injury severity and recovery 

potential. Advances in imaging technology, including MRI, DTI, and functional 

MRI, have provided valuable insights into the relationship between ventricular 

changes and neurological outcomes. While surgical interventions such as 

ventriculoperitoneal shunting are common treatments for post-traumatic 

hydrocephalus, emerging therapies that target neuroplasticity and inflammation 

offer promising new avenues for improving recovery. Further research is needed 

to standardize imaging protocols, identify reliable biomarkers, and explore 

innovative treatments for managing TBI-related ventricular changes. 

                                              

References. 

1. Yo’ldosheva N.Q. “ Features and dynamics of disordes of cognitive and 

static-locomotor functions in chronic brain ischemia”. Journal of GALAXY 

INTERNATIONAL INTERDISCIPLINARY RESEARCH JOURNAL (GIIRJ) 

ISSN (E): 2347-6915 Vol. 11, Issue 10, Oct. (2023) 

https://internationaljournals.co.in/index.php/giirj/article/view/4466 

2. Yo’ldosheva N.Q. “Морфологический аспекты нарушение мелкый 

моторики при хроническкий ишемии головного мозга” Journal of Iqro 

volume 7, issue 1 - 2023 special issue (pp. 94-99) 

https://wordlyknowledge.uz/index.php/iqro/article/view/3245  

3. Yo’ldosheva N.Q. “Morphological aspects of static-locomotor function 

disorders in chronic cerebral ischemia” Journal of International Journal of 

Medical Sciences And Clinical Research (ISSN – 2771-2265) VOLUME 03 

ISSUE 12 PAGES: 7-12 

http://theusajournals.com/index.php/ijmscr/article/view/2002 

4. Capizzi A, Wu J, Verdusco-Gutierrez M. Traumatic brain injury: a review 

of epidemiology, pathophysiology and medical management. Medical Clinics of 

North America. 2020; 104(2): 213-238. 

5. Chen HR, Chen CW, Kuo YM, Chen B, Kuan IS, Huang H, Lee J, 

Anthony N, Kuan CY, Sun YY. Monocytes promote acute neuroinflammation 

and become pathological microglia in neonatal hypoxic-ischemic brain injury. 

//Theranostics. 2022 Jan 1;12(2):512-529. 

6. Fogel MA, Pawlowski T, Schwab PJ, Nicolson SC, Montenegro LM, 

Berenstein LD, Spray TL, Gaynor JW, Fuller S, Keller MS, Harris MA, 

https://internationaljournals.co.in/index.php/giirj/article/view/4466
https://wordlyknowledge.uz/index.php/iqro/article/view/3245
http://theusajournals.com/index.php/ijmscr/article/view/2002


 

  

https://scientific-jl.org/index.php/luch                                    Часть-35_ Том-2_ Декабрь -2024 
 

ЛУЧШИЕ ИНТЕЛЛЕКТУАЛЬНЫЕ  ИССЛЕДОВАНИЯ 

28 

ISSN: 

3030-3680 

Whitehead KK, Vossough A, Licht DJ. Brain magnetic resonance immediately 

before surgery in single ventricles and surgical postponement. //Ann Thorac 

Surg. 2014 Nov;98(5):1693-8 

7. Gaggi NL, Ware JB, Dolui S, Brennan D, Torrellas J, Wang Z, Whyte J, 

Diaz-Arrastia R, Kim JJ. Temporal dynamics of cerebral blood flow during the 

first year after moderate-severe traumatic brain injury: A longitudinal perfusion 

MRI study. //Neuroimage Clin. 2023;37:103344. 

8. Hagberg H, Mallard C, Ferriero DM, Vannucci SJ, Levison SW, Vexler 

ZS. et al. The role of inflammation in perinatal brain injury. //Nat Rev Neurol. 

2015;11:192–208.  

9. Hayashi Y, Jinnou H, Sawamoto K, Hitoshi S. Adult neurogenesis and its 

role in brain injury and psychiatric diseases.// J Neurochem. 2018 

Dec;147(5):584-594 

10. Likhterman B. L. The emergence of a medical specialty (with particular 

reference to neurosurgery). Part ii. Natural science factor //Sechenov Medical 

Journal. – 2022. – №. 4. – С. 80-85. 

11. Ma XY, Yang TT, Liu L, Peng XC, Qian F, Tang FR. Ependyma in 

Neurodegenerative Diseases, Radiation-Induced Brain Injury and as a 

Therapeutic Target for Neurotrophic Factors. Biomolecules. 2023 Apr 

27;13(5):754 

12. Maas E, Menon DC, Adelson PD, Andelik N, Bell MJ, Belli A, et al. 

Traumatic brain injury: integrated approaches to improve prevention, clinical 

care and research.// Lancet Neurol. 2017; 16(12): 987-1048. 

13. Nelson SE, Sair HI, Stevens RD. Magnetic Resonance Imaging in 

Aneurysmal Subarachnoid Hemorrhage: Current Evidence and Future 

Directions. //Neurocrit Care. 2018 Oct;29(2):241-252. 

14. Ni W, Zheng M, Xi G, Keep RF, Hua Y. Role of lipocalin-2 in brain 

injury after intracerebral hemorrhage. //J Cereb Blood Flow Metab. 2015 

Sep;35(9):1454-61. 

15. Pang J, Peng J, Yang P, Kuai L, Chen L, Zhang JH, Jiang Y. White Matter 

Injury in Early Brain Injury after Subarachnoid Hemorrhage. //Cell Transplant. 

2019 Jan;28(1):26-35. 

16. Shishido H, Toyota Y, Hua Y, Keep RF, Xi G. Role of lipocalin 2 in 

intraventricular haemoglobin-induced brain injury. //Stroke Vasc Neurol. 2016 

Jun 24;1(2):37-43. 



 

  

https://scientific-jl.org/index.php/luch                                    Часть-35_ Том-2_ Декабрь -2024 
 

ЛУЧШИЕ ИНТЕЛЛЕКТУАЛЬНЫЕ  ИССЛЕДОВАНИЯ 

29 

ISSN: 

3030-3680 

17. Sun D. Endogenous neurogenic cell response in the mature mammalian 

brain following traumatic injury. Exp Neurol. 2016 Jan;275 Pt 3(0 3):405-410. 

18. Trofimov AO, Agarkova DI, Trofimova KA, Nemoto EM, Bragina OA, 

Bragin DE. Arteriovenous cerebral blood flow correlation in moderate-to-severe 

traumatic brain injury: CT perfusion study. Brain Spine. 2023 Sep 21;3:102675. 

19. Yang D, Sun YY, Bhaumik SK, Li Y, Baumann JM, Lin X. et al. Blocking 

lymphocyte trafficking with FTY720 prevents inflammation-sensitized hypoxic-

ischemic brain injury in newborns. //J Neurosci. 2014;34:16467–81. 

20. Ye L, Tang X, Zhong J, Li W, Xu T, Xiang C, Gu J, Feng H, Luo Q, 

Wang G. Unraveling the complex pathophysiology of white matter hemorrhage 

in intracerebral stroke: A single-cell RNA sequencing approach. CNS Neurosci 

Ther. 2024 Mar;30(3):e14652. 

21. Zhang Y, Zeng H, Lou F, Tan X, Zhang X, Chen G. SLC45A3 Serves as a 

Potential Therapeutic Biomarker to Attenuate White Matter Injury After 

Intracerebral Hemorrhage. //Transl Stroke Res. 2024 Jun;15(3):556-571. 

 

 

 

 


