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Introduction: The COVID-19 pandemic, caused by SARS-CoV-2, has led 
to an unprecedented global health crisis. While primarily recognized for its 
respiratory implications, the virus has shown a significant affinity for the 
nervous system, resulting in a wide spectrum of neurological manifestations. 
This literature review explores the intersection of neurology and virology, 
focusing on the acute and long-term neurological effects of COVID-19.
Methods: A comprehensive review of current literature was conducted using 
databases such as PubMed, Scopus, and Web of Science. Relevant studies were 
selected based on their focus on the pathophysiology, clinical presentations, 
and long-term neurological outcomes of COVID-19. Special attention was given 
to peer-reviewed articles, meta-analyses, and clinical case reports published 
between 2019 and 2024.
Results: The review identifies multiple mechanisms by which SARS-CoV-2 
invades the nervous system, including direct viral entry and systemic 
inflammation. Acute neurological manifestations include encephalitis, stroke, 
and Guillain-Barré syndrome, while long-term sequelae encompass cognitive 
impairment, neurodegeneration, and psychiatric disorders. The findings 
underscore the complexity of COVID-19’s impact on the nervous system, with 
both immediate and enduring effects.
Conclusion: Neuro-COVID represents a significant and evolving challenge 
in the context of the pandemic. Understanding the neurological implications 
of COVID-19 is crucial for improving patient outcomes and guiding future 
research. This review underscores the need for heightened clinical awareness 
and a multidisciplinary approach to effectively address the complex neuro-
COVID spectrum.
Key words: Neuro-COVID; SARS-CoV-2; Neurological manifestations; Long 
COVID; Neuroinvasion

Introduction
The COVID-19 pandemic, caused by the novel 

coronavirus SARS-CoV-2, has profoundly affected global 
health, leading to millions of deaths and overwhelming 
healthcare systems worldwide. While the respiratory 
symptoms of COVID-19 were initially the primary 
concern, it soon became apparent that the virus could 
affect multiple organ systems, including the nervous 
system. This recognition has spurred an intense focus 
on understanding the neurological manifestations 
associated with COVID-19 [1].

The global impac t of COVID-19 has been 
unprecedented. As of 2024, the virus has led to over 
770 million confirmed cases and nearly 7 million deaths 
worldwide. The rapid spread of SARS-CoV-2, combined 
with its potential for severe complications, especially in 
vulnerable populations, has created a significant public 
health challenge [2]. This global crisis has prompted 
extensive research into various aspects of the disease, 
including its neurological implications.

Viral infections have long been known to affect the 
nervous system. Neurotropic viruses, such as herpes 

simplex virus and West Nile virus, can directly invade 
the central nervous system (CNS), leading to conditions 
like encephalitis and meningitis. Other viruses can 
cause neurological damage indirectly through immune-
mediated mechanisms or by causing systemic conditions 
that affect the brain, such as hypoxia or coagulopathies. 
SARS-CoV-2 appears to have a multifaceted impact on 
the nervous system, potentially through direct viral 
invasion, immune responses, and vascular involvement, 
leading to a range of neurological symptoms [3].

The rationale behind studying the neurological 
manifestations of COVID-19 lies in the broad spectrum 
of neurological symptoms reported in patients, 
ranging from mild headaches and anosmia to severe 
conditions like stroke, encephalitis, and Guillain-Barré 
syndrome  [3]. Understanding these manifestations is 
crucial for improving clinical management and outcomes 
for patients with COVID-19. Early recognition of 
neurological symptoms can lead to timely interventions 
that may reduce morbidity and mortality associated with 
the disease. Furthermore, studying the mechanisms by 
which SARS-CoV-2 affects the nervous system could 

Copyright © 2024 Kirolos Eskandar
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provide insights into the broader field of neurovirology, 
potentially leading to advances in the treatment of other 
viral infections that impact the nervous system [2].

Methodology:
This literature review was conducted using a 

systematic approach in accordance with the PRISMA 
(Preferred Reporting Items for Systematic reviews and 
Meta-Analyses) guidelines to ensure a comprehensive 
and unbiased selection of relevant studies related to the 
neurological manifestations of COVID-19.

Search Strategy:
A thorough literature search was performed across 

several reputable databases, including PubMed, Scopus, 
Web of Science, and Google Scholar. The search was 
conducted over a period from [start date] to [end 
date], covering all relevant studies published during 
this timeframe. The search strategy incorporated a 
combination of specific keywords and Medical Subject 
Headings (MeSH) terms, including "Neuro-COVID", 
"SARS-CoV-2", "Neurological manifestations", "Long 
COVID" and "Neuroinvasion." Boolean operators (AND, 
OR) were used to refine the search results and ensure 
that a wide range of pertinent literature was captured.

Inclusion and Exclusion Criteria:
To be included in this review, studies had to meet 

the following criteria:
•	 Language: Only studies published in English 

were considered to avoid language bias.
•	 Population: Studies focusing specifically on 

patients diagnosed with COVID-19.
•	 Focus: Articles that reported on neurological 

manifestations related to COVID-19.
•	 Study Design: All types of peer-reviewed 

studies were included, such as case reports, cohort 
studies, cross-sectional studies, and reviews. Non-peer-
reviewed articles, editorials, and commentaries were 
excluded.

Study Selection and Screening Process:
Initially, 168 articles were retrieved from the 

databases. After the removal of duplicate records, 120 
unique articles remained. These articles were subjected 
to a multi-stage screening process:

1. Title and Abstract Screening: The titles and 
abstracts of the remaining articles were screened 
independently by two reviewers to assess their relevance 
to the topic. Articles that did not meet the inclusion 
criteria were excluded at this stage.

2. Full-text Screening: The full texts of the remaining 
70 articles were then reviewed in detail to confirm their 
eligibility based on the predefined inclusion criteria. 
This process resulted in the exclusion of 30 additional 
studies that did not adequately focus on the neurological 
aspects of COVID-19.

Ultimately, 40 studies were included in this review 
after the rigorous screening process. Any discrepancies 
between the reviewers during the screening process 
were resolved through discussion or consultation with 
a third reviewer.

Data Extraction and Synthesis:
Data were extracted from the included studies using 

a standardized data extraction form. The extracted 
data included study characteristics (author, year, study 
design, sample size), patient demographics, types of 
neurological manifestations, and key findings related 
to the mechanisms and outcomes of these neurological 
conditions. The extracted data were then synthesized to 
provide a comprehensive overview of the neurological 
manifestations associated with COVID-19.

Quality Assessment:
The quality of the included studies was assessed 

using the Newcastle-Ottawa Scale for observational 
studies and the Cochrane Risk of Bias tool for randomized 
controlled trials. This assessment ensured that the 
findings presented in this review were based on high-
quality evidence.

To provide a clear overview of the study selection 
process, a PRISMA flow diagram (Fig. 1) is included, 
illustrating the number of records identified, screened, 
and included in the review, along with reasons for 
exclusion at each stage.

Results:
The systematic review of the literature identified 40 

studies that met the inclusion criteria and were analyzed 
for the neurological manifestations of COVID-19. The 
findings reveal a broad spectrum of both acute and 
long-term neurological complications associated with 
SARS-CoV-2 infection.

Acute Neurological Manifestations:
•	 Central Nervous System (CNS): Encephalitis, 

meningitis, acute disseminated encephalomyelitis 
(ADEM), and ischemic stroke were frequently reported. 
Patients presented with symptoms ranging from mild 
confusion and headaches to severe cases involving 
coma and large-vessel strokes. Stroke, particularly 
in younger patients, emerged as a critical concern, 
with hypercoagulable states induced by the virus as a 
contributing factor.

•	 Peripheral Nervous System (PNS): Guillain-
Barré Syndrome (GBS) and its variants were commonly 
observed, presenting as ascending paralysis. Additionally, 
anosmia (loss of smell) and ageusia (loss of taste) were 
among the most prevalent early symptoms, often linked 
to the virus’s impact on the olfactory nerve.

Long-term Neurological Sequelae:
•	 Cognitive and Psychiatric Disorders: Cognitive 

impairments, often termed "brain fog," along with 
headaches, fatigue, and dizziness, were recurrent in 
patients experiencing "Long COVID." These symptoms 
were compounded by mental health issues such as 
anxiety, depression, and PTSD.

•	 Neurodegenerative Concerns: There is growing 
evidence suggesting that SARS-CoV-2 may accelerate 
or contribute to the onset of neurodegenerative 
diseases like Parkinson's and Alzheimer's. Persistent 
neuroinflammation and immune dysregulation are 
hypothesized as underlying mechanisms.

This article contains some figures that are displayed in color online but in black and white in the print edition
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Pediatric Considerations: Conditions like Multisystem 
Inflammatory Syndrome in Children (MIS-C) have 
shown severe neurological complications, including 
encephalopathy and cerebrovascular events. Long-term 
cognitive and developmental outcomes in children who 
suffered from severe COVID-19 or MIS-C are still under 
investigation but are a significant concern.

Immunological and Molecular Insights:
The review highlighted the critical role of the 

immune system in the neurological impact of COVID-
19, particularly the cytokine storm and its effects on 
the blood-brain barrier (BBB). Autoimmune responses, 
potentially triggered by molecular mimicry, were linked 
to conditions like GBS and other neuropathies, raising 
concerns about long-term neurodegenerative risks.

Diagnostic Challenges:
The review underscored the complexity of diagnosing 

COVID-19-related neurological symptoms, with 
neuroimaging and biomarkers like neurofilament light 
chain (NfL) and S100B playing crucial roles. However, 
the specificity of these diagnostic tools remains an area 
for further research.

Therapeutic Approaches:
Management strategies for these neurological 

manifestations have evolved, with corticosteroids like 
dexamethasone proving effective in reducing severe 
outcomes. Long-term management, particularly for 
"Long COVID," includes cognitive rehabilitation and 
neuropsychiatric support, with ongoing research into 
neuroprotective therapies.

Discussion:
Pathophysiology of SARS-CoV-2
The pathophysiology of SARS-CoV-2's interaction 

with the central nervous system (CNS) is a multifaceted 
process, involving both direct and indirect mechanisms 
of neuroinvasion. One key aspect is the virus's ability 

to enter the CNS, a process known as neuroinvasion. 
This can occur through several potential routes: direct 
viral entry, systemic inflammatory responses, or a 
combination of both.

SARS-CoV-2, like other coronaviruses, has a known 
neurotropic potential, which means it can infect nerve 
tissues. The mechanisms of neuroinvasion primarily 
involve two pathways: direct viral entry into the brain 
and the systemic inflammatory response triggered 
by the virus. Direct viral entry can occur through the 
hematogenous route, where the virus in the bloodstream 
crosses the blood-brain barrier (BBB) and enters 
the CNS. Alternatively, the virus can spread through 
retrograde neuronal transport, utilizing nerves like the 
olfactory nerve as a conduit to the brain [4].

The hematogenous spread is a critical route 
for neuroinvasion. After the initial infection in the 
respiratory system, the virus can enter the bloodstream, 
potentially disrupting the BBB, a protective barrier 
that normally restricts the entry of pathogens into 
the brain. SARS-CoV-2 can bind to ACE2 receptors on 
the endothelial cells of the BBB, leading to increased 
permeability and allowing the virus to penetrate the CNS. 
This disruption of the BBB can also result in inflammation 
and edema, further facilitating viral entry [5].

Another significant pathway is the olfactory route. 
The olfactory nerve, which extends from the nasal cavity 
to the brain, provides a direct route for viral entry. 
SARS-CoV-2 can infect the olfactory epithelial cells, 
which express the ACE2 receptors, and travel along 
the olfactory nerve into the CNS. This route of entry is 
particularly associated with the neurological symptom of 
anosmia, or loss of smell, which has been widely reported 
in COVID-19 patients [5, 6].

The role of the BBB in SARS-CoV-2 neuroinvasion 
is complex. The BBB is composed of tightly joined 
endothelial cells that prevent most pathogens from 
entering the brain. However, SARS-CoV-2 can increase 
the permeability of the BBB through various mechanisms, 
including the release of pro-inflammatory cytokines 

Fig. 1. Illustrates the PRIMSA flow diagram
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during the systemic inflammatory response known as the 
cytokine storm. This increased permeability allows not 
only the virus but also immune cells and inflammatory 
mediators to enter the CNS, potentially leading to 
neuroinflammation and neurological damage [7].

Acute Neurological Manifestations
The neurological manifestations of COVID-19 

encompass a range of acute conditions involving both 
the central nervous system (CNS) and peripheral 
nervous system (PNS). Among CNS manifestations, 
encephalitis and meningitis are prominent, often 
presenting with symptoms like confusion, altered mental 
status, and in severe cases, coma. Acute disseminated 
encephalomyelitis (ADEM) has also been reported, 
characterized by an inflammatory attack on the brain 
and spinal cord, likely driven by the immune response 
to SARS-CoV-2 [8]. Stroke, particularly ischemic stroke, 
is another significant concern, with COVID-19 patients 
at increased risk due to hypercoagulable states induced 
by the virus. Reports from China and the United States 
have documented large-vessel strokes in younger 
patients, raising concerns about the broader impact of 
COVID-19 on cerebrovascular health [8, 9]. Seizures 
and status epilepticus, though less common, have been 
noted, particularly in severe COVID-19 cases, suggesting 
that SARS-CoV-2 can provoke severe neurological 
sequelae [10].

In the peripheral nervous system, Guillain-Barré 
Syndrome (GBS) and its variants, such as Miller Fisher 
syndrome, have been increasingly associated with 
COVID-19. GBS typically presents as an ascending 
paralysis and is thought to result from a post-infectious 
dysregulation of the immune system, potentially triggered 
by molecular mimicry between the virus and peripheral 
nerve components. The clinical spectrum includes acute 
inflammatory demyelinating polyneuropathy (AIDP) and 
acute motor-sensory axonal neuropathy (AMSAN), with 
some COVID-19 patients requiring intensive care due 
to respiratory failure [11, 12]. Additionally, COVID-19 
has been linked to various forms of neuropathy and 
myopathy, with patients often experiencing muscle pain 
and weakness, likely due to direct viral invasion of muscle 
tissue or secondary to systemic inflammation  [11]. 
Anosmia and ageusia, or the loss of smell and taste, are 
among the most common early symptoms, thought to 
result from viral invasion of the olfactory nerve or the 
supportive cells in the nasal epithelium, underscoring 
the virus's ability to affect the nervous system even in 
mild cases [13].

Long-term Neurological Sequelae
The long-term neurological sequelae of COVID-19, 

often referred to as "Long COVID," have emerged as a 
significant concern in the aftermath of the pandemic. 
These sequelae, collectively termed Post-Acute Sequelae 
of SARS-CoV-2 Infection (PASC), encompass a range 
of persistent neurological symptoms that extend 
beyond the acute phase of the infection. Among the 
most commonly reported symptoms are cognitive 
impairments, often referred to as "brain fog," headaches, 
fatigue, and dizziness [14]. Cognitive impairments can 
manifest as difficulties in concentration, memory, and 
executive function, significantly impacting daily activities 
and quality of life. These symptoms are believed to arise 
from persistent neuroinflammation and dysregulation 

of the immune system, as well as potential direct viral 
damage to the central nervous system [15].

In addition to these cognitive and sensory 
disturbances, Long COVID has been associated with 
a significant burden of mental health issues. Anxiety, 
depression, and post-traumatic stress disorder 
(PTSD) have been widely reported among survivors, 
exacerbating the already complex neurological landscape 
of Long COVID [16]. The interplay between ongoing 
neurological symptoms and psychological distress 
creates a challenging environment for both patients and 
healthcare providers, necessitating a multidisciplinary 
approach to management.

Emerging evidence also suggests that COVID-19 
may accelerate or precipitate neurodegenerative 
processes. There is growing concern about the potential 
links between COVID-19 and the development of 
neurodegenerative diseases such as Parkinson’s disease 
and Alzheimer’s disease. The mechanisms underlying 
these associations are thought to involve chronic 
neuroinflammation and persistent immune activation, 
which could potentially contribute to the pathophysiology 
of these conditions [17]. Moreover, the virus’s impact 
on the blood-brain barrier and its potential to trigger 
neuroinflammatory cascades may further contribute to 
the risk of neurodegeneration [18].

The chronic neuroinflammatory responses triggered 
by COVID-19 may not only be confined to acute 
illness but could have lasting effects on brain health, 
underscoring the importance of ongoing research in this 
area [19]. These findings highlight the need for long-
term  monitoring of individuals who have recovered from 
COVID-19, particularly those who experience persistent 
neurological symptoms, to better understand the 
potential for long-term neurodegenerative consequences.

Immunological and Molecular Insights
The immunological and molecular mechanisms 

underlying the neurological complications of COVID-19 
are multifaceted and complex. One of the most 
significant contributors to these complications is the 
"cytokine storm," a hyperinflammatory response 
triggered by the immune system's overreaction to 
SARS-CoV-2. This storm involves the excessive release 
of pro-inflammatory cytokines such as IL-6, IL-1β, and 
TNF-α, which can have detrimental effects on the central 
nervous system (CNS). The blood-brain barrier (BBB) 
can become compromised during this process, allowing 
these cytokines and other immune cells to infiltrate the 
CNS, leading to inflammation, neuronal damage, and a 
variety of neurological symptoms [20, 21].

Autoimmunity also plays a crucial role in the 
neurological manifestations of COVID-19. SARS-CoV-2 
has been shown to induce autoimmune responses, 
wherein the immune system mistakenly attacks the 
body's own tissues, including neural tissues. This can 
result from molecular mimicry, where viral antigens 
resemble human proteins, leading to cross-reactivity. For 
instance, certain SARS-CoV-2 proteins have been found 
to share similarities with neural antigens, potentially 
triggering autoimmune conditions such as Guillain-Barré 
Syndrome (GBS) and other neuropathies [12, 22].

Molecular mimicry and cross-reactivity are 
particularly concerning because they suggest a 
mechanism by which COVID-19 could precipitate or 
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exacerbate chronic neurological conditions. The immune 
response to SARS-CoV-2 might not only cause acute 
neurological symptoms but could also set the stage for 
long-term neurodegenerative diseases. The persistent 
immune activation and chronic inflammation observed 
in some COVID-19 patients could potentially contribute 
to the development or progression of conditions like 
Parkinson's disease and Alzheimer's disease [23, 24].

Pediatric Neurological Manifestations
The pediatric population has demonstrated a 

unique spectrum of neurological manifestations related 
to COVID-19, notably through conditions such as 
Multisystem Inflammatory Syndrome in Children (MIS-C) 
and Pediatric Acute-onset Neuropsychiatric Syndrome 
(PANS). MIS-C, a hyperinflammatory condition often 
triggered by SARS-CoV-2 infection, presents with a 
range of neurological complications including severe 
encephalopathy, cerebrovascular events, and acute 
demyelinating syndromes. These manifestations are 
frequently associated with systemic inflammation 
and may involve direct viral invasion or autoimmune 
mechanisms [25, 26].

PANS, which can occur after COVID-19, has been 
linked to neuropsychiatric symptoms like sudden onset 
of obsessive-compulsive disorder, tics, and other 
severe behavioral changes. The pathophysiology is 
thought to involve immune dysregulation and molecular 
mimicry, where the immune response against the 
virus cross-reacts with neural tissues, leading to 
neuroinflammation [26].

Moreover, there is growing concern about the long-
term cognitive and developmental outcomes in children 
who have experienced severe COVID-19 or MIS-C. 
Emerging evidence suggests that these children may 
face persistent challenges, including cognitive deficits, 
memory issues, and difficulties in executive functioning, 
potentially due to ongoing neuroinflammation or direct 
neuronal injury. These long-term effects are still being 
studied, but they highlight the need for continued 
monitoring and early intervention strategies [27, 28].

Diagnostic Challenges and Biomarkers
The neurological manifestations of COVID-19 

present complex diagnostic challenges, necessitating a 
multifaceted approach involving advanced neuroimaging 
techniques and biomarkers to differentiate these 
symptoms from other neurological disorders. 
Neuroimaging, including MRI, CT, and PET scans, 
plays a critical role in identifying the structural and 
functional alterations in the brain associated with 
COVID-19. MRI has been particularly useful in detecting 
white matter hyperintensities, microhemorrhages, 
and cortical abnormalities, which are indicative of the 
neuroinflammatory processes triggered by SARS-CoV-2 
infection. PET scans, although less frequently utilized, 
have shown changes in glucose metabolism, especially 
in the frontal and temporal lobes, correlating with 
cognitive deficits like "brain fog" commonly reported in 
long COVID cases [28].

Cerebrospinal fluid (CSF) analysis offers another 
diagnostic avenue, providing insights into the immune 
response and neuronal injury associated with COVID-19. 
Elevated levels of neurofilament light chain (NfL) in the 
CSF have been correlated with neuronal damage, and 
this marker has been proposed as a potential biomarker 

for assessing the severity of neurological involvement 
in COVID-19. Additionally, the presence of oligoclonal 
bands (OCBs) in the CSF has been linked to intrathecal 
antibody synthesis, suggesting an ongoing immune 
response within the central nervous system [29].

Differential diagnosis remains a critical challenge, as 
many of the neurological symptoms of COVID-19 overlap 
with other conditions, such as autoimmune encephalitis, 
stroke, and neurodegenerative diseases. Biomarkers like 
NfL and S100B, combined with neuroimaging findings, 
are essential for distinguishing COVID-19-related 
neurological damage from other etiologies [30]. However, 
the specificity and sensitivity of these biomarkers are 
still under investigation, and further research is needed 
to refine their diagnostic utility [31].

Therapeutic Approaches and Management
The therapeutic management of neurological 

complications associated with COVID-19 encompasses 
a broad range of strategies tailored to address both 
acute and long-term effects. The complexity of these 
neurological manifestations requires a multidisciplinary 
approach that combines pharmacological interventions, 
rehabilitation programs, and ongoing research into 
neuroprotective and anti-inflammatory therapies.

In the acute phase of COVID-19, early recognition 
and treatment of neurological complications are 
critical. Corticosteroids, particularly dexamethasone, 
have demonstrated significant efficacy in reducing 
inflammation and preventing severe neurological 
outcomes such as s t roke, encephal i t i s,  and 
seizures. Dexamethasone works by dampening the 
hyperinflammatory response associated with severe 
COVID-19, which is a key contributor to the development 
of neurological complications. Additionally, antiviral 
agents like remdesivir, when used in conjunction with 
corticosteroids, have been shown to synergistically 
reduce the frequency and severity of neurological 
manifestations, thereby improving overall patient 
outcomes [32].

As the pandemic has progressed, the focus has 
increasingly shifted towards managing the long-term 
neurological sequelae of COVID-19, commonly referred 
to as "long COVID" or post-acute sequelae of SARS-CoV-2 
infection (PASC). These long-term symptoms include 
cognitive impairments such as "brain fog," chronic 
headaches, fatigue, and neuropsychiatric disorders like 
anxiety, depression, and post-traumatic stress disorder 
(PTSD). Cognitive rehabilitation, which includes strategies 
to enhance memory, attention, and executive function, 
has become a cornerstone of management for these 
patients. Furthermore, neuropsychiatric rehabilitation, 
including psychotherapy and pharmacotherapy, is crucial 
for addressing the mental health challenges associated 
with long COVID [33].

Research into neuroprotective agents is ongoing, 
with a focus on their potential to prevent or mitigate long-
term neurodegenerative processes that may be initiated 
by COVID-19. Agents such as N-acetylcysteine (NAC) and 
melatonin are being investigated for their antioxidant 
properties and their ability to reduce oxidative stress 
and inflammation in the brain. These agents could play 
a role in protecting neuronal integrity and preventing the 
progression of neurodegenerative diseases in patients 
with a history of COVID-19 [34].
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Given the central role of inflammation in COVID-19-
related neurological damage, anti-inflammatory therapies 
are a key area of interest. Beyond corticosteroids, other 
anti-inflammatory agents, including interleukin-6 (IL-6) 
inhibitors (e.g., tocilizumab) and Janus kinase (JAK) 
inhibitors, are being explored for their potential to modulate 
the immune response and reduce neuroinflammation. 
These therapies aim to target the chronic inflammatory 
state that persists in some patients post-COVID-19, which 
is thought to contribute to the development of long-term 
neurological complications [35].

Rehabilitation plays an essential role in the recovery 
of patients with neurological complications from COVID-
19. Multidisciplinary rehabilitation programs that 
incorporate physical therapy, occupational therapy, 
speech therapy, and neuropsychological support are 
vital for helping patients regain function and improve 
their quality of life. Telemedicine has also emerged as 
a valuable tool in delivering rehabilitation services to 
patients with long COVID, providing access to care while 
minimizing the risk of infection [36].

Future Directions and Research Gaps
The neurological impact of COVID-19 has revealed 

several critical gaps in our understanding, necessitating 
focused future research. A primary area of concern 
is the lack of comprehensive longitudinal studies that 
can track the neurological effects of COVID-19 over 
time. These studies are essential to discern the long-
term consequences, particularly the risk of developing 
chronic neurodegenerative conditions like Alzheimer's 
or Parkinson's disease. Current evidence suggests 
that SARS-CoV-2 may accelerate neurodegenerative 
processes, but definitive conclusions can only be 
drawn through extensive follow-up research over many        
years [37, 38].

In parallel, there is a growing interest in developing 
targeted therapies for neuro-COVID. These include anti-
inflammatory treatments to mitigate neuroinflammation, 
which has been implicated in both acute and long-term 
neurological symptoms of COVID-19. Researchers are 
also exploring the potential of neuroprotective agents 
that could safeguard against the neuronal damage 
observed in severe cases. Importantly, there is an 
emerging need to personalize these therapies based on 
individual patient profiles, taking into account factors 
such as genetic predispositions and the severity of initial 
COVID-19 infection [39].

Ethical considerations are paramount in this ongoing 
research. The urgency to develop treatments must be 
balanced with the need for thorough testing to avoid 
unintended consequences. Furthermore, addressing 
neuro-COVID requires a multidisciplinary approach, 
involving neurologists, immunologists, psychologists, 
and other healthcare professionals. This collaboration 
is crucial to ensure that all aspects of the condition are 
understood and effectively managed [40].

Conclusion
In conclusion, this review highlights the profound and 

multifaceted neurological impact of COVID-19, ranging 
from acute manifestations such as encephalitis and 
stroke to long-term sequelae like cognitive impairment 
and neurodegeneration. The pathophysiology of SARS-
CoV-2’s neuroinvasion involves complex mechanisms 

including direct viral entry, systemic inflammation, 
and disruption of the blood-brain barrier. Emerging 
therapeutic strategies are being developed to address 
these neurological complications, though the field still 
faces significant challenges. Future research must 
focus on longitudinal studies to fully understand the 
chronic effects of COVID-19 on the nervous system, 
and interdisciplinary collaboration will be crucial in 
developing effective treatments and addressing the 
ethical considerations inherent in this rapidly evolving 
area of study.
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The updated 2021 WHO Classification of Central Nervous System (CNS) 
Tumors introduces, for the first time, an age-based approach to glioma 
classification, leveraging advances in molecular biology and epigenetics of 
CNS tumors. This classification groups gliomas within the category "Gliomas, 
glioneuronal tumors, and neuronal tumors," distinguishing between adult-type 
and pediatric-type diffuse gliomas, corresponding to low-grade and high-
grade malignancies (LGG and HGG), highlighting the fundamental role of age 
in gliomagenesis. A review of current literature deepens the understanding 
of age-related characteristics, differences, and patterns in gliomagenesis 
across age groups, which is essential for effective diagnosis and treatment.

Pediatric-type and adult-type low-grade gliomas (pLGG and aLGG) differ 
in location, biological behavior, and molecular-genetic profiles. Inherited 
syndromes (e.g., NF-1, TSC) associated with glioma development are linked 
to specific LGG subtypes occurring in childhood, adolescence, and adulthood. 
Moreover, pLGG differs from aLGG in its potential for malignant transformation 
and spontaneous regression, as well as in mutations affecting the MAPK 
(mitogen-activated protein kinase) pathway.

While pediatric-type and adult-type high-grade gliomas (pHGG and aHGG) 
share histological features, they differ in location, biological behavior, 
molecular-genetic profiles, and prognosis. A major distinction between 
aHGG and pHGG lies in mutations such as IDH 1/2, EGFR gene expression, 
TERT mutations, chromosome alterations (+7/-10), and TP53 mutations, all 
contributing to a poorer prognosis in HGG gliomas. Additionally, changes in 
histone proteins H3.3 or 3.1 (H3.3 K27 and H3 G34) in pHGG, as opposed to 
aHGG, carry diagnostic and prognostic significance.

An analysis of data on glioma epidemiology, risk factors, and characteristic 
molecular-genetic features considering age is provided. The next publication 
will cover certain clinical aspects of this issue.
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Introduction
The diagnosis and treatment of gliomas—the most 

common tumors of the central nervous system (CNS)—
represent a significant healthcare burden worldwide. In 
the United States alone, approximately 18,500 cases 
of malignant gliomas are diagnosed annually. Medical 
care for one patient, including surgical intervention and 
radiation therapy, costs between $50,600 and $92,700 
USD per year [1]. Adding chemotherapy (temozolomide 
and bevacizumab) for glioblastoma (GBM) treatment 
further increases expenses, costing €20,587.53 and 
€5,581.49 per year per patient, respectively, for 
caregivers providing support [2]. Identifying causes 
and risk factors for glioma development enables the 
timely implementation of preventive measures to 
reduce incidence across different population groups 

—an approach that is more cost-effective than the 
expenses associated with treatment, rehabilitation, and           
patient care.

The literature increasingly emphasizes the relevance 
of age in gliomagenesis [3]. Glioma incidence rises 
significantly with age, particularly after 65 years [3-5]. 
Low-grade gliomas (LGG) are more common in children, 
while high-grade gliomas (HGG) are typically observed 
in adults.

In 2021, the WHO Classification of tumors of the 
central nervous system was updated. The primary 
distinction in this edition was the introduction of an 
age-based approach to glioma characterization [6-8]. 
This marks the sixth version of the international standard 
for CNS tumor classification, with previous editions 
published by WHO in 1979, 1993, 2000, 2007, and 2016. 
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Building on the 2016 WHO CNS Tumor Classification [8] 
and recommendations from the Consortium to Inform 
Molecular and Practical Approaches to CNS Tumor 
Taxonomy (cIMPACT-NOW) [9], a number of significant 
changes and additions have been made to the WHO 
Classification of brain and spinal cord tumors (2021) 
[6,  10]. Gliomas are now classified within the family 
"Gliomas, glioneuronal tumors, and neuronal tumors," 
with the following types: circumscribed astrocytic 
gliomas, adult-type diffuse gliomas, pediatric-type 
diffuse low-grade gliomas (pLGG), and pediatric-type 
diffuse high-grade gliomas (pHGG). The division of 
diffuse gliomas into adult- and pediatric-type categories 
underscores the important role of age, which may 
substantially influence gliomagenesis, biological 
behavior, molecular-genetic profiles, and prognosis, and 
should be considered in the diagnosis and treatment of 
gliomas across all age groups [6, 10-13].

Epidemiology of gliomas considering age and 
other factors
Recent large-scale clinico-epidemiological studies 

conducted in recent years indicate that the incidence, 
prevalence, and mortality rates of gliomas depend on 
factors such as age, gender, race, geographic region, 
and other variables [14].

Gliomas account for approximately 24.5% of all 
primary brain tumors and about 81% of all malignant 
central nervous system (CNS) tumors in adults [15]. 
About 62% of gliomas are located in the supratentorial 
region: 27.0% in the frontal lobe, 20.2% in the 
temporal lobe, 11.6% in the parietal lobe, and 2.8% 
in the occipital lobe. Tumor location influences the 
surgical approach. Gliomas may also be found in the 
brainstem (4.3%), cerebellum (2.8%), and other CNS 
areas (around 20.0%) [16]. The most common glioma 
is glioblastoma (GBM), accounting for 14.2% of all 
CNS tumors, 50.1% of all malignant CNS tumors, 
and approximately 45% of all gliomas, with a higher 
incidence among men (incidence rate ratio of 1.57) 
[17–19]. GBM is the most aggressive CNS tumor with a 
poor prognosis; the five-year relative overall survival 
(OS) rate is less than 5% [18].

Current reports, such as those from the Central Brain 
Tumor Registry of the United States (CBTRUS), provide 
data on glioma incidence, prevalence, and mortality 
derived from registries that classify glioma cases 
according to the 2007 and 2016 WHO CNS classifications. 
Thus, the tumor nomenclature, particularly for gliomas, 
differs from that in the 2021 WHO Classification of 
tumors of the brain and spinal cord [8,13,20]. The types 
of gliomas according to the WHO Classification of Brain 
and Spinal Cord Tumours (2021) are presented in a 
table (Table 1), facilitating a better understanding and 
assessment of studies conducted before the updated 
classification was adopted.

According to extensive epidemiological research 
by Q.T. Ostrom et al. [14, 16–19], astrocytic tumors, 
specifically GBM, represent 77.5% of all gliomas. 
Among malignant gliomas, other notable types 
include diffuse astrocytoma (7.3% of all gliomas), 
anaplastic astrocytoma – 6.8%, oligodendroglioma 
– 3.5%, anaplastic oligodendroglioma – 1,7%, 

pilocytic astrocytoma – 5.0%, and unspecified gliomas                
(NOS) - 7.9%.

The highest incidence of GBM among adults is 
3.23 per 100,000 population, while rates for diffuse 
and anaplastic astrocytoma are 0.46 and 0.42 per 
100,000, respectively. For oligodendroglioma and 
anaplastic oligodendroglioma, the rates are 0.23 and 
0.11 per 100,000 [16,17,19]. The peak ages for diffuse 
astrocytoma and oligodendroglioma are at mean age 
of 46 and 43 years, respectively, while anaplastic 
astrocytoma and oligodendroglioma peak at ages 53 and 
49. GBM is a prevalent tumor among adults, particularly 
the elderly (average age of 65), whereas GBM is rare in 
children [15].

In children, gliomas account for 45% of all malignant 
CNS tumors [21, 22]. Among pediatric gliomas, midline 
glioma ranks first, representing 31.1% of all childhood 
gliomas, while pilocytic astrocytoma accounts for 
18.3%, diffuse and anaplastic astrocytoma for 5.3%, 
and glioblastoma multiforme (GBM) for 2%.

In the age group 0–19 years, the incidence of 
diffuse midline glioma is 0.31 per 100,000 population, 
while diffuse astrocytoma and GBM have incidences 
of 0.23 and 0.17 per 100,000 population, respectively 
[15]. Anaplastic astrocytoma, oligodendroglioma, and 
anaplastic oligodendroglioma are rare in this age group, 
with incidences of 0.09, 0.04, and 0.01 per 100,000 
population, respectively.

The highest incidence rate of gliomas is registered 
in males (5.51 and 3.65 per 100,000 population, 
respectively), although females have a higher incidence 
of diffuse midline glioma—0.324 and 0.288 per 100,000 
population, respectively [14, 15].

In the United States, malignant CNS tumors in 
children (aged 0–14 years) rank second in pediatric 
mortality rates, and in 2016 they were the leading cause 
of death among children [23,24]. The incidence rate 
of malignant CNS tumors in the pediatric population 
from 1998 to 2013 remained relatively stable, with 
an annual percent change (APC) of 0.16% per year 
(95% confidence interval (CI) 0.21–0.53). An increase 
in incidence was recorded for certain tumor types, 
including gliomas (APC 0.77% per year (95% CI 0.29–
1.26)) and pilocytic astrocytoma (APC 0.89% per year 
(95% CI 0.21–0.53)), while a decrease in LGG gliomas 
(12.9% of all gliomas; APC -2.85 (95% CI 1.46–4.23)) 
and an increase in HGG gliomas (21.3% of all gliomas; 
APC -1.25 (95% CI 0.68–1.83)) and other gliomas 
(65.8% of all gliomas; APC -1.55 (95% CI 0.18–2.95)) 
were observed [15, 23]. These results are consistent 
with those reported by R. McKean-Cowdin et al. [25], 
obtained from 1973–2009, indicating that factors such 
as availability of specialized neurosurgical care, the 
quality of glioma diagnostics, and the accuracy and 
completeness of registry data on glioma cases influence 
these findings.

Epidemiological studies suggest regional variability 
in glioma incidence. It is hypothesized that the aging 
populations observed in recent decades in Europe and 
North America may partially explain the high glioma 
incidence, especially GBM, which increased on average 
by 2.9% per year from 1978 to 1992 [26–29]. The 
incidence of malignant gliomas increased from 1998 to 
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Table 1. Classification of gliomas according to the 2021 WHO Classification of tumors of the Brain and      
Spinal Cord

Type of glioma WHO CNS 
Grade

Characteristic molecular and genetic 
alterations *

Circumscribed astrocytic gliomas

Pilocytic astrocytoma 1 KIAA1549-BRAF, BRAF, NF1

High-grade astrocytoma with pi14locytic features NS⁑ BRAF, NF1, ATRX, CDKN2A/B (methylome)

Pleomorphic xanthoastrocytoma 2, 3 BRAF, CDKN2A/B

Subependymal giant cell astrocytoma 1 TSC1, TSC2

Chordoid glioma 2 PRKCA

Astroblastoma, MN1-altered NS MN1

Adult-type diffuse gliomas (аDG)

Astrocytoma, IDH-mutant 2, 3, 4 IDH1, IDH2, ATRX, TP53, CDKN2A/B

Oligodendroglioma, IDH-mutant and 1p/19q 
codeleted 2, 3 IDH1, IDH2, 1p/19q, TERT promoter, CIC, 

FUBP1, NOTCH1

Glioblastoma, IDH wild-type 4 IDH-wildtype, TERT promoter chromosomes 
7/10, EGFR

Pediatric low-grade diffuse gliomas (pLGG)

Diffuse astrocytoma, MYB - or MYBL1 altered 1 MYB, MYBL1

Angiocentric glioma 1 MYB

Polymorphous low-grade neuroepithelial tumor of 
young NS* BRAF, FGFR family

Diffuse low-grade glioma, MAPK pathway-altered FGFR1, BRAF

Pediatric high-grade diffuse gliomas (pHGG)

Diffuse midline glioma, H3 K27-altered 4 H3 K27, TP53 , ACVR1 , PDGFRA, 
EGFR, EZHIP

Diffuse hemispheric glioma, H3 G34-mutant 4 H3 G34, TP53 , ATRX

Diffuse pediatric-type high-grade glioma, H3-
wildtype and IDH-wild-type  4 IDH- wild-type, H3- wild-type, PDGFRA, 

MYCN, EGFR (methylome)

Infant-type hemispheric glioma NS⁑ NTRK family, ALK, ROS, MET 

Notes: * - molecular and genetic changes, which are often common, are listed first. "methylome" is specified 
only for gliomas where it is recommended for diagnostic purposes. NS – not specified; NS * – not specified 
for LGG; not specified NS ⁑ – not specified for HGG. Genes: BRAF – proto-oncogene B-Raf, serine/threonine 
kinase; KIAA1549-BRAF – gene fusion;NF1 – neurofibromin 1; ATRX – alpha-thalassemia/mental retardation 
syndrome, linked to the X chromosome; CDKN2A/B – cyclin-dependent kinase inhibitor;  
TSC1, TSC2 – tuberous sclerosis proteins 1 and 2; PRKCA – protein kinase C alpha; MN1 – proto-oncogene, 
transcription regulator; IDH – isocitrate dehydrogenase; TERT – telomerase reverse transcriptase;  
CIC – transcriptional repressor HMG-box; FUBP1 – oncogene; NOTCH1 – single-pass transmembrane receptor; 
NTRK – neurotrophic tyrosine receptor kinase gene family; EGFR – epidermal growth factor receptor;  
MYB – proto-oncogene, transcription factor; MYBL1 – MYB-like proto-oncogene 1; FGFR – fibroblast growth 
factor receptor; H3 – histones H3 K27 and H3 G34; ACVR1 – activin type I receptor; PDGFRA – platelet-
derived growth factor receptor alpha; EZHIP – EZH inhibitory protein; TP53 – transcription factor p53;  
MYCN – proto-oncogene, transcription factor bHLH; ALK – anaplastic lymphoma receptor tyrosine kinase;  
ROS – proto-oncogene receptor tyrosine kinase; MET – proto-oncogene, receptor tyrosine kinase.

2008 among the elderly, while the CBTRUS registry data 
indicate relative stability among those aged ≥40 years 
from 2000 to 2016 [16, 20, 30].

Brainstem gliomas (BSG) represent a type of 
malignant CNS tumor that is rare in adults (1–2% of all 

gliomas) but common in children (20% of all gliomas) 
and has a poorer prognosis in children than in adults 
[31, 32]. The 5-year OS rates are 94.7% for pilocytic 
astrocytoma and 6.8% for GBM [14, 15, 26].
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Risk factors (determinants) of gliomas
The risk factors, or determinants, for the development 

of gliomas are not yet fully defined, and data from the 
literature are contradictory. However, understanding 
these factors is useful for the prevention and early 
diagnosis of gliomas. Despite numerous publications on 
identifying glioma risk factors, only a few are considered 
proven, including genetic factors (hereditary disorders 
and syndromes) and ionizing radiation [14, 33-36].

Genetic (hereditary) disorders and syndromes. It is 
known that most gliomas occur without a burdensome 
family history, with only 5% of cases having such a 
history, and in 1% of cases, established hereditary 
disorders/syndromes are present in patients with 
glioma [14, 33]. Studies on the associations between 
genetic disorders and the risk of CNS tumors indicate 
that certain hereditary disorders are closely linked 
to glioma risk [14]. The most significant hereditary 
disorders and syndromes, their modes of inheritance, 
and chromosomal and genetic changes associated with 
glioma risk are presented in Table 2. Among hereditary 
disorders, particular attention is given to Li-Fraumeni 
syndrome, caused by alterations in the TP53 gene, which 
encodes the tumor suppressor protein P53; Turcot’s 
syndrome type 1, which combines primary brain tumors 
with colorectal cancer; neurofibromatosis type 1; and 
tuberous sclerosis. These conditions are associated with 
the highest risk [14, 33-35].

Aging is associated with telomere shortening, while 
the risk of gliomas is linked to telomere lengthening 
[33, 36]. Shortened telomeres suppress cell proliferative 
activity, potentially inhibiting tumor development. In 
contrast, telomere lengthening is associated with high 
proliferative activity, which may increase the likelihood 
of somatic mutations, and thus, the risk of brain tumors, 
including gliomas (odds ratio (OR) = 1.16, 95% CI 1.02–
1.31) [36]. The mean telomere length in glioma patients 

Table 2. Hereditary disorders and syndromes associated with glioma (adapted from [14]

Syndrome/disorder Inheritance type Gene alterations (chromosomes)

Li-Fraumeni syndrome (LFS) Dominant TP53 (17p13.1)

Turcot’s syndrome Type 1 (ST1) Autosomal recessive MLH1, PMS2

Familial adenomatous polyposis, Turcot’s 
syndrome Type 2 (ST2) Dominant APC, MMR (5q21)

Neurofibromatosis 1 (NF1) Dominant NF1 (17q11.2)

Tuberous sclerosis (TSC) Dominant TSC1,TSC2 (9q34.14,16p13.3)

Rubinstein-Taybi syndrome Dominant CREBBP, EP30 (16p13.3; 22q13.2)

Ollier disease 
Acquired postzygotic 

mosaicism, dominant with 
reduced penetrance

IDH1/IDH2 (2q33,3/15q26,1)

Lynch syndrome Dominant MSH2, MLH1, MSH6, PMS2

Mismatch repair deficiency syndrome Recessive MSH2, MLH1, MSH6, PMS2

Retinoblastoma syndrome Dominant RB1 (13q14)

Melanoma-neural system tumor 
syndrome Dominant CDKN2A (9p21.3)

Ataxia-telangiectasia Autosomal recessive ATM (11q22.3)

is 31 bp (5.7%) longer than in controls, and with each 
increase in telomere length septile, the glioma risk rises 
(OR = 1.12, 95% CI 0.90–1.62). It is known that single 
nucleotide polymorphisms (SNPs) in TERC and TERT 
alleles, which are associated with telomere length, may 
play a central role in gliomagenesis [33, 34, 36].

Ionizing Radiation is one of the most thoroughly 
studied and proven risk factors for gliomas in children, 
adolescents, and adults [34]. The International agency for 
research on cancer (IARC) classifies ionizing radiation as 
a Group 1 carcinogen [37]. In IARC’s publication, studies 
involving large cohorts of children and adolescents (up to 
age 19) who received therapeutic radiation for medical 
reasons showed a twofold increase in glioma risk within 
nine years post-treatment. Glioma risk was found to have 
a linear dose-response relationship, with the highest risk 
per unit of absorbed dose (1 Gy) observed in children 
under five.

Non-Ionizing Radiation (NIR), which includes 
microwave radiation in the radiofrequency range and 
extremely low-frequency magnetic fields, has also 
been studied. The IARC has classified radiation within 
the 30–300 GHz range as a Group 2B possible human 
carcinogen [38]. Concerns about NIR’s role in glioma 
development have risen in recent decades due to the 
widespread use of mobile (cellular) communication 
devices [14, 39-42]. Mobile phones are a common source 
of NIR, with 97-99% of absorbed energy impacting the 
brain hemispheres, and 50-60% affecting the temporal 
lobe and cerebellum. Despite numerous large clinical 
and epidemiological studies (INTERPHONE, CERENAT, 
COSMOS) conducted in recent decades, their results 
on glioma risk from NIR exposure remain inconclusive 
[39-44]. This issue is the subject of ongoing debate in 
the scientific community and is discussed in government 
and international institutions, especially with the active 
adoption of new 5G technologies [45, 46].
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Biological factors, including infectious disease 
agents such as Herpes Simplex Virus types 1 and 2 
(HSV), Human Papillomavirus (HPV), Varicella-Zoster 
Virus (VZV), Cytomegalovirus (CMV), Epstein-Barr 
Virus (EBV), and others, are of interest to researchers 
not only for assessing glioma risk but also for 
exploring immunotherapy options through antiviral                  
vaccines [47-50].

For many years, CMV infection was thought to be 
associated with gliomagenesis [47]. A meta-analysis 
[49] found that previous CMV infection increased 
the incidence of glioma (OR 3.95, 95% CI 1.7–5.3). 
However, the results of other studies have shown that 
individuals with a previous VZV-associated infection 
had a significantly reduced risk of LGG gliomas (HR 
0.85, 95% CI 0.76-0.96) [51], and the risk of GBM was 
30% lower compared with control group. This may be 
because VZV can trigger immune response reactions 
aimed at viral infections, which cross-react with GBM 
cell membrane proteins, thus generating an immune 
response against tumor cells [18]. The decrease in 
anti-VZV IgG levels in GBM compared with control 
group supports its protective role in gliomagenesis. A 
prospective study of the association between infections 
caused by HS, VZV, CMV, and EBV viruses and glioma 
risk indicate that EBV infection is associated with a 
lower risk of glioma development (OR = 0.57, 95% CI 
0.38–0.85) [52]. There is no evidence of an increased 
risk of glioma in the presence of HPV infection [52, 53]. 
Consequently, there are no definitive conclusions 
about the causal relationship between viral infections 
and the risk of glioma development. The study of this 
issue is relevant because of the likelihood of distant 
consequences of infection due to the SARS-COV-2 virus 
that caused the outbreak of the 2019 coronavirus disease 
pandemic (COVID-19) [54]. Upon entry into the body 
by respiratory route, SARS-CoV-2 virus interacts with 
target cells and initiates a complex cascade of immune 
response reactions. At the same time, the tropism of 
SARS-CoV-2 virus to receptors on the surface of certain 
cell types can cause a high risk of severe course of the 
disease and its long-term consequences [55, 56].

It is known that the SARS-CoV-2 S-glycoprotein can 
interact with receptor proteins on the surface of target 
cells, specifically with angiotensin-converting enzyme 
2 (ACE2), which facilitates viral entry into cells [57]. 
This interaction plays a key role in the pathogenesis of 
COVID-19. The expression of ACE2 on the surface of glial 
cells and neurons characterizes them as potential targets 
for SARS-CoV-2 [56]. Glioma cells express epidermal 
growth factor (EGFR), vascular endothelial growth factor 
(VEGFR), and hepatocyte growth factor (HGFR/c-MET) 
receptors, which are associated with tumor development 
and invasion [58]. ACE2 expression on cell surfaces 
enables the initiation of signaling pathways that play a 
central role in tumorigenesis. Recent studies have shown 
that the S glycoprotein of SARS-CoV-2 has high affinity 
for the receptor proteins EGFR, VEGFR, and c-MET, 
which may indicate a potential role of COVID-19 in the 
development of gliomas [59, 60].

Age-related differences in low-grade gliomas
Gliomas represent about one-third of CNS tumors. 

In children and adolescents, two-thirds of gliomas are 

categorized as pediatric low-grade gliomas (pLGG). In 
adults and the elderly, aLGG gliomas are rare (15–20% 
of all gliomas) [63–65].

The research results by L. Greuter et al. [65] indicate 
that pLGG and aLGG gliomas have several age-related 
differences in terms of localization, malignancy grade, 
molecular-genetic status, potential for malignant 
transformation, association with hereditary pathology, 
prognosis, and so on, which are relevant for diagnosis, 
treatment, and prognosis (Table 3).

In children and adolescents, most gliomas are 
classified as diffuse Grade 1 gliomas according to the 
WHO Classification of Tumors of the Central Nervous 
System (2021), while in adults, most LGG gliomas are 
Grade 2 [66]. Most pLGG gliomas are located in the 
cerebellum, whereas in adults, they are typically found in 
the supratentorial region of the brain. pLGG gliomas are 
characterized by a more favorable prognosis compared 
to aLGG gliomas [65]. The majority of aLGG gliomas can 
undergo malignant transformation into HGG gliomas, 
whereas malignant transformation in pLGG gliomas is 
rare [67‒69]. Approximately 6% of pLGG gliomas have 
the ability to spread to other areas of the CNS, while in 
adults, this capability is observed only in HGG gliomas 
[70, 71].

Hereditary syndromes, as noted above (see 
Table 2), are associated with the risk of LGG glioma 
development in both children and adults [14,15,35,65,72]. 
Specifically, NF-1 syndrome is associated with a risk of 
optic pathway glioma in 6% of patients aged 3–4 years 
and is characterized by a relatively benign course and 
favorable prognosis [73‒75]. In 1% of NF-1 patients, 
brainstem glioma has been reported, often accompanied 
by hydrocephalus [76]. TSC is a multisystem autosomal 
dominant hamartoma syndrome caused by mutations in 
the TSC1 or TSC2 genes, which enhance the regulation of 
cell cycle signaling pathways and lead to the development 
of certain types of gliomas, primarily of astrocytic origin, 
with only a few cases reported in the literature [77]. 
These tumors mostly occur in children and young adults 
and are not found in adults.

Surgical intervention assessment indicates that 
gross total resection (GTR) of glioma correlates with 
increased overall survival (OS) and progression-free 
survival (PFS) in both children and adults. It is reported 
that subtotal resection (STR) with minimal residual tumor 
shows similar outcomes to GTR, although data on this 
are conflicting [65, 78].

Glioma localization is a factor that determines an 
unfavorable prognosis for pLGG located in the brainstem 
and for optic pathway gliomas (OPG), though not for OPG 
in patients with NF-1. Prognostic factors include STR, 
young age, and tumor location, particularly within the 
brainstem or optic pathway [14, 65, 79].

In adults with LGG glioma, the likelihood of a 
favorable GTR outcome increases if the tumor is detected 
without specific symptoms and at an early stage, as 
opposed to cases with pronounced glioma symptoms. 
According to AJ Gogos et al. [78], the average growth rate 
of such "incidental gliomas" is 3.9 cm³/year. Gross total 
resection (GTR) is achieved in 57% of cases compared to 
24% in patients with characteristic glioma symptoms. In 
cases with STR, the residual tumor volume averaged 2.9 
cm³, impacting glioma prognosis (OS for patients with 
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"incidental gliomas" is around 14.6 years) [78]. For aLGG, 
early GTR after tumor detection increases the likelihood 
of a favorable prognosis compared to delayed tumor 
resection, indicating the importance of GTR as a primary 
treatment method for both aLGG and pLGG gliomas. 
However, GTR is found to be more effective for pLGG 
gliomas than aLGG gliomas, likely due to differences in 
their morphology and biological behavior.

Molecular-genetic, diagnostic, and prognostic 
factors. Recent research on the molecular-genetic 
profile of pLGG gliomas has revealed changes in the 
MAPK/ERK pathway (mitogen-activated protein kinase/
extracellular signal-regulated kinase) caused by BRAF 
gene mutations or fusions, which are not characteristic 
of aLGG gliomas [80‒83]. Alterations in the MAPK 
pathway are also typical for NF-1 syndrome, which 
predisposes to pLGG [83]. It is reported that 84% of 
pLGG gliomas are characterized by a mutation in the 
BRAF gene encoding the B-Raf protein (B-Raf proto-
oncogene, serine/threonine kinase). The KIAA1549-BRAF 
fusion is common in pilocytic astrocytoma (35%), while 
BRAFV600E mutations and NF-1 are observed in only 
17% of pLGG cases [81]. Molecular-genetic profiling of 
gliomas at the diagnostic stage is crucial for treatment 
and prognosis [11,13,82,83]. The KIAA1549-BRAF 
alteration is characteristic of cerebellar pLGG gliomas 
and is associated with significantly higher 5-year 
progression-free survival (PFS) compared to pLGG with 

Table 3. Differences between pediatric and adult low-grade gliomas (adapted from [65]

Indicator pLGG aLGG

Localization
Supratentorial (30%)

Infratentorial (30%)
Supratentorial (80%)

Histological grading

Grade 1* (74%)

Grade 2* (26%)

Pilocytic astrocytoma (65%)

Grade 1* (10–15%)

Grade 2* (85–90%)

Diffuse glioma LGG (60%)

Associated hereditary 
disorders NF-1 (TSC) -

Molecular alterations BRAF600 (17%) IDH-mutant (70%)

Treatment GTR increases OS GTR increases OS

Malignant 
transformation

Rare (2.9–6.7%), may increase post-
CT or RT Frequent (86%)

10-Year OS, % >90 ~60

Prognosis

OPG and brainstem glioma – 
unfavorable;

OPG with NF-1 – favorable;

GTR – favorable;

young age – unfavorable

Gliomas (typical sites) – unfavorable;

GTR – favorable;

Diffuse Grade 1 gliomas* – unfavorable;

age <40 – favorable

Note.* ‒ according to the WHO Classification of Tumors of the brain and spinal cord tumors (2021);  
NF-1 – neurofibromatosis type 1; TSC – tuberous sclerosis; BRAF600 – B-Raf proto-oncogene serine/
threonine kinase; IDH – isocitrate dehydrogenase gene; OPG – optic pathway glioma; GTR – gross total 
resection; CT – chemotherapy; RT – radiotherapy.

a BRAFV600E mutation (69% vs. 52%) and 10-year 
overall survival (OS) (97% vs. 89%) [81]. Most pLGG 
gliomas typically exhibit at least one mutation impacting 
the MAPK pathway.

Age-specific features of malignant transformation 
(MT) in LGG are observed in only 2.9–6.7% of pLGG 
cases [65,85]. In children, MT is often associated with 
previous chemotherapy and/or radiotherapy. In contrast, 
MT occurs more frequently in adults (13–86% of all aLGG 
gliomas), especially in pregnant women, which may be 
associated with hemodynamic and metabolic changes 
due to elevated levels of progesterone and insulin-like 
growth factor-1 (IGF-1), which particularly correlates 
with astrocytoma development [85,86].

Spontaneous regression of pLGG has been 
documented as a phenomenon in certain types of pLGG 
gliomas, particularly in rare cases of cerebellar gliomas. 
Regression has been recorded in 30% of cerebellar pLGG 
gliomas on average 11.9 months after STR. Other studies 
report spontaneous regression in 32.5–48% of cerebellar 
pLGG glioma cases [65].

Thus, pLGG and aLGG gliomas differ in anatomical 
localization, biological behavior, and molecular-genetic 
profiles, which is essential for the diagnosis, treatment, 
and prognosis of LGG gliomas in children and adults. 
Hereditary syndromes, such as NF-1 or TSC, are 
associated with specific types of pLGG gliomas that 
arise in childhood.
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Age-related differences in high-grade 
gliomas
According to the WHO Classification of Tumors 

of the Central Nervous System (2021), HGG gliomas 
include circumscribed WHO CNS grade 3 gliomas, 
as well as diffuse adult-type WHO CNS Grade 3 and 
4 gliomas (IDH-mutant astrocytoma, IDH-mutant 
oligodendroglioma with 1p/19q codeletion, IDH-wild-
type glioblastoma) and all pediatric-type diffuse HGG 
gliomas (Table 1).

Age-related differences in glioma localization. In 
adults, IDH-mutant astrocytoma can occur in any part of 
the brain, most commonly in the subtentorial region and 
frontal lobe. The average age of patients with this type 
of glioma is 30–40 years, rarely over 55 years [87,88]. 
The average age for patients with WHO CNS Grade 4 
IDH-mutant astrocytoma is 42 years, while for Grade 2-3 
it is 38 years. IDH-mutant oligodendroglioma with 1p/19q 
codeletion is most often observed in patients aged 
40–50 years and is very rarely seen in children. Most 
tumors are located in the frontal lobe, less frequently 
in the temporal or parietal lobes, and very rarely in 
the brainstem [88]. IDH-wild-type GBM, which is also 
characterized by EGFR amplification and/or telomerase 
reverse transcriptase (TERT) promoter mutation and/
or chromosomal alterations (+7/−10), accounts for 
half of all malignant brain tumors in adults and elderly 
individuals, with 10,000 new cases reported annually 
[89]. GBM develops between 18 and 89 years, most 
frequently (58%) between 50 and 69 years [88, 90, 91]. 
Comorbidities in older individuals result in a poorer 
prognosis for glioma compared to younger patients, due 
to limitations in standard glioma treatments caused by 
concurrent diseases.

In children and adolescents, diffuse HGG gliomas 
account for 3 to 15% of primary CNS tumors, with pHGG 
patient OS averaging 10–73 months [89,92]. Diffuse 
midline glioma, H3K27-altered, develops in individuals 
aged 2 to 65 years, with a median age of 11–14 years. Its 
pathognomonic feature is localization in the brainstem, 
thalamus, hypothalamus, as well as the cerebellum and 
spinal cord. The median age for brainstem glioma is 7 
years, for thalamic glioma 24 years, and for spinal cord 
glioma 25 years. The prognosis for this glioma is poor, 
with an OS of 1 year [92].

Diffuse hemispheric glioma, H3G34-mutant, is most 
common between ages 15 and 19, and according to some 
studies, between 18 and 26 years. The prognosis for 
this glioma is generally poor (OS from 12 to 36 months) 
[92, 93].

H3-wild-type and IDH-wild-type pHGG gliomas are 
usually located in the brain hemispheres and rarely in 
other brain regions. These gliomas are often detected 
in early childhood but can also occur in adolescence 
and early adulthood. The prognosis for such gliomas is 
unfavorable (OS of 22 months) [90, 92, 93].

Molecular-genetic, diagnostic, and prognostic factors 
in aHGG and pHGG gliomas. Among HGG gliomas, 
diffuse gliomas are the most common. Although there 
are practically no histological differences between 
dif fuse aHGG and pHGG gliomas, they dif fer in 
biological behavior, molecular-genetic characteristics, 
treatment response, and prognosis [92, 94, 95]. The 
defining differences between diffuse aHGG and pHGG 
gliomas, as reflected in the WHO Classification of CNS 
Tumors (2021), are molecular-genetic characteristics                         
(Table 4).

Table 4. Age-related differences in the molecular-genetic profile of diffuse high-grade gliomas [92]
Molecular

and genetic alterations
pHGG aHGG Implications

IDH1 Mutation 
In 16.3–35.0% of 
cases in children over 
14 years old

~50% of primary HGG 
gliomas

Astrocytoma, IDH-mutant

EGFR Expression In approximately 80% 
of cases

Amplification and 
overexpression in 
27–60% of cases

Grade 4 glioma*

TERT Promoter 
mutations Rarely In 40–70% of cases Grade 4 glioma*

Chromosomal alterations 
+7/−10 NS У 50‒70% випадків Grade 4 glioma*

ТP53 Mutation In 33–58% of 
pediatric cases In 30–60% of GBM cases р53 – tumor suppressor

Loss or Mutation of PTEN In 0–20% of cases In 27–60% of cases Alterations in the PI3K/AKT/
mTOR signaling pathway

H3 K27- mutant In 60–80% of cases NS Pediatric diffuse midline 
glioma, Grade 4*

H3 G34- mutant In approximately 20% 
of cases NS Pediatric diffuse hemispheric 

glioma, Grade 4*

Note. * Based on the WHO Classification of Tumors of the Central Nervous System (2021); EGFR – epidermal 
growth factor receptor gene; TERT – telomerase reverse transcriptase promoter gene; TP53 – p53 tumor 
suppressor gene; PTEN – phosphatase and tensin homolog gene; IDH – isocitrate dehydrogenase gene;  
H3 K27 and H3 G34 – histone H3 proteins; Not specified – NS.
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The key difference between aHGG and pHGG is the 
IDH 1/2 gene mutations, which have diagnostic and 
prognostic significance, since IDH mutation in HGG 
gliomas determines a significantly better prognosis for 
adult and paediatric gliomas compared with IDH-wild-
type gliomas [7,13,93,96]. Astrocytoma, IDH-mutant 
with homozygous deletion of CDK2A/B, is classified as 
a WHO CNS Grade 4 glioma with a poor prognosis (see 
Table 1). For gliomas, IDH-wild type, the presence of 
mutations such as EGFR amplification, TERT promoter 
mutations and chromosome +7/-10 alterations are 
a factor of unfavourable prognosis for patients (see 
Table 4).

EGFR amplification affects the tyrosine kinase 
receptor involved in cell proliferation and differentiation, 
as well as malignant growth processes. It is observed 
in 60% of GBM cases in adults, while it is rare in pHGG 
diffuse gliomas [92, 97, 98, 99].

Among other genes that cause age-related 
differences in gliomas, the phosphatase and tensin 
homologue (PTEN) suppressor gene, which is able to 
inhibit tumour invasion and blood vessel formation, 
occupies an important place. Its mutations are frequently 
reported in aHGG and rarely in pHGG. The TP53 gene 
is also a tumour suppressor gene with alterations in the 
majority of adult GBM cases [96, 99].

In the case of pHGG gliomas, in contrast to aHGG 
gliomas, alterations in histone proteins, particularly 
H3, are important for diagnosis and prognosis. Thus, 
diffuse medial glioma of pHGG is characterised by K27M 
mutation in histones H3.3 or H3.1. Diffuse hemispheric 
gliomas of pHGG are characterised by the presence of H3 
G34R or H3 G34V mutation. pHGG gliomas with histone 
mutations usually have a poor prognosis and significantly 
lower OS compared to dif fuse H3-wild-type and 
IDH-wild-type gliomas [98, 100-101]. In diffuse pHGG 
gliomas, TP53 mutations are often found together with 
H3 mutations. Therefore, histone mutation status may 
play a key role in gliomagenesis, especially in children, 
adolescents, and young adults, which is important for 
diagnosis, selection of adequate treatment methods, 
and prognosis of diffuse gliomas of pHGG.

Amplif ication of the platelet-derived growth 
factor receptor A (PDGFRA) gene in diffuse H3G34-
mutant hemispheric gliomas is associated with an 
unfavorable prognosis, while O6-methylguanine DNA 
methyltransferase MGMT-methylation is associated with 
a more favorable prognosis, including increased survival. 
Specific molecular-genetic alterations in H3 wild-type and 
IDH wild-type diffuse pHGG gliomas also significantly 
impact prognosis. For example, the OS of patients 
with gliomas showing MYCN amplification averages 14 
months, with PDGFRA amplification ‒ 21 months, and 
with TERT or EGFR mutation 44 months [92, 96].

Conclusions
1. In light of recent research findings, the 2016 WHO 

Classification of Tumors of the Central Nervous System 
has been revised, and in 2021, an updated version was 
approved. According to this new classification, gliomas 
are grouped within the "Gliomas, glioneuronal, and 
neuronal tumors" family, divided into the following types: 
circumscribed astrocytic gliomas, adult-type diffuse 
gliomas, pediatric-type low-grade diffuse gliomas, and 

pediatric-type high-grade diffuse gliomas. The distinction 
of gliomas into adult and pediatric types, which share 
similar histological characteristics but differ substantially 
in biological behavior, molecular-genetic profile, and 
prognosis, emphasizes the significant role of age in 
influencing gliomagenesis. This must be considered in 
both diagnosis and treatment of gliomas.

2. Analysis of the current literature on the theoretical 
and applied aspects of gliomas—the most common 
CNS tumor types—provides an opportunity to deepen 
understanding of the age-related features, differences, 
and patterns of gliomagenesis across all age groups 
affected by gliomas. Additionally, this analysis highlights 
distinct and shared characteristics of gliomas in adults 
and children, which can enhance prevention measures, 
improve diagnostics, treatment, and prognostication for 
patients of various ages.

3. Pediatric- and adult-type low-grade gliomas 
differ in anatomical location, biological behavior, and 
molecular-genetic profile, which has crucial implications 
for diagnosis, treatment, and prognosis. Hereditary 
syndromes associated with glioma development (NF-1, 
TSC) are linked to specific low-grade glioma types that 
can arise in childhood, adolescence, and adulthood. 
In contrast to aLGG, pLGG is characterized by the 
presence of at least one mutation affecting the MAPK 
pathway. Furthermore, pLGGs differ from aLGGs in their 
potential for malignant transformation and spontaneous 
regression.

4. Pediatric- and adult-type high-grade gliomas 
share similar histological characteristics but differ in 
location, biological behavior, molecular-genetic changes, 
and prognosis, which should be considered in diagnosis 
and treatment. The primary difference between aHGG 
and pHGG lies in IDH 1/2 gene mutations, as well as 
EGFR gene expression, TERT promoter mutations, 
chromosomal changes (+7/−10), and TP53 gene 
mutations, all of which are often associated with a poor 
prognosis in glioma patients. In contrast to aHGG, pHGG 
diagnostics and prognostics rely on changes in histone 
proteins H3.3 or H3.1 (H3.3 K27 and H3 G34).
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Objective to determine the effect of the number of multiple intracranial 
aneurysms (MIA) on the course of the acute period of subarachnoid 
hemorrhage (SAH).
Materials and methods: A cross-sectional retrospective study was 
conducted involving 92 patients in the acute phase of SAH due to the rupture 
of MIA. Patients were divided into two groups depending on the number of 
aneurysms. Demographic indicators (age, gender) and clinical-instrumental 
factors (comorbidities, extent of hemorrhage, severity at admission, clinical 
manifestations), treatment characteristics, and outcomes were analyzed using 
descriptive statistics and logistic regression.
Results: Comorbidities were 3.4 times more common among patients with 
three or more aneurysms (p=0.143). Patients in group 2 were 1.9 times more 
likely to be admitted with a World Federation of Neurosurgical Societies (WFNS) 
grade 2 (p=0.335). WFNS grade 3 at admission was observed twice as often 
in group 1 (p=0.447). Patients from group 1 and group 2 were equally likely 
to present with WFNS grade 4 (p=0.978). The probability of being admitted 
with a WFNS grade 5 was 1.8 times higher in group 2 (p=0.830). The presence 
of meningeal syndrome increased the risk of having 3 or more aneurysms by 
more than four times (OR 4.41, CI 0.41-47.13, p=0.21). The presence of motor 
impairments significantly reduced the risk of having 3 or more aneurysms (OR 
0.63, CI 0.09-4.18, p=0.63). Patients in group 2 were slightly more likely to 
develop vasospasm than those in group 1 (OR 1.22, CI 0.34-4.31, p=0.752). 
The presence of comorbidities increased with the number of aneurysms (OR 
3.42, CI 0.65-17.62, p=0.143).
Conclusions: The presence of comorbidities more than triples the chances 
of having 3 or more aneurysms. Patients with fewer aneurysms are twice as 
likely to be admitted in a milder condition (WFNS grade 2). The probability of 
severe condition (WFNS grade 5) at hospital admission for patients in group 2 
is 1.8 times higher than in group 1. The likelihood of motor disorders decreases 
by 4.4 times with an increasing number of aneurysms. The probability of 
vasospasm development slightly increased with the number of aneurysms. 
These data emphasize the importance of a comprehensive approach to the 
assessment of SAH patients and the need for careful monitoring of patients 
at high risk of vasospasm.
Key words: subarachnoid hemorrhage; multiple intracranial aneurysms; 
clinical course

Introduction
Multiple intracranial aneurysms (MIA) account 

for 20–34% of all intracranial aneurysms and carry a 
higher risk of rupture compared to solitary aneurysms. 
Key risk factors for rupture include age, sex, and 
aneurysm location. The annual rupture risk for multiple 
aneurysms is 1–2%, depending on additional factors 
such as hypertension and a personal or family history 
of hemorrhages [1, 2].

Recent studies have identified complex genetic 
and molecular mechanisms influencing MIA rupture 
[3]. Inherited genetic mutations are often associated 
with an increased risk of aneurysm development and 
rupture. Conditions such as Ehlers-Danlos and Marfan 

syndromes, as well as Factor VII deficiency, are known 
to compromise vascular wall integrity, increasing the 
likelihood of MIA formation [4].

Molecular mechanisms involving mitochondrial 
protein dysfunction also play a significant role in the 
pathogenesis of MIA rupture. Proteins such as AIF1, 
CCDC90B, and tRNA PusA are linked to an elevated 
rupture risk due to their influence on cellular energy 
metabolism and structural processes in vascular walls 
[5]. Inflammatory processes caused by immune cell 
dysfunction can promote the development of MIA, 
particularly in the presence of hypertension [4].

Copyright © 2024 Yuliia O. Solodovnikova, Anatoliy S. Son

This work is licensed under a Creative Commons Attribution 4.0 International License 
https://creativecommons.org/licenses/by/4.0/



24

http://theunj.org

Ukrainian Neurosurgical Journal. Vol. 30, N4, 2024

Multiple cerebral aneurysms are associated with 
a higher risk of complications, especially rupture, 
compared to solitary aneurysms. The rupture risk 
varies depending on the aneurysm's location, size, and 
morphology. In our study, the size of ruptured aneurysms 
in most cases ranged from 5 to 10 mm, but this factor 
needs further investigation because of differences 
between studies. Aneurysms located in the anterior 
communicating artery ruptured more frequently, while 
fewer ruptures were observed in the internal carotid and 
middle cerebral arteries. Ruptures were observed only in 
patients with two or three aneurysms, with the highest 
rupture frequency in the MIA group [6].

Aneurysms in the posterior cerebral circulation 
or with a diameter exceeding 5 mm were more prone 
to rupture. Additionally, patients with a history of 
aneurysmal subarachnoid hemorrhage (SAH) faced an 
increased risk of rebleeding from another aneurysm [1, 2].

The course of MIA presents several challenges for 
diagnosis and treatment. Often asymptomatic, these 
aneurysms may only become clinically evident upon 
rupture, resulting in life-threatening conditions such as 
SAH. While symptoms like severe headache, nausea, 
loss of consciousness, or stroke-like presentations may 
occur after rupture, early signs are often minimal or 
absent. MIAs can vary in size and location, with some 
remaining stable while others grow or rupture due to 
factors like hypertension or additional risk conditions. 
Monitoring is complicated as each aneurysm carries a 
unique rupture risk [4].

When MIAs are located in different vascular regions, 
complications such as recurrent hemorrhages can occur 
even after surgical intervention on one aneurysm. For 
example, following treatment of one aneurysm, another 
may remain undetected or form anew at another site [5]. 
Studies show that MIA patients are at risk of developing 
new (de novo) aneurysms, underscoring the need 
for continuous monitoring, particularly after surgical 
treatment. Contributing factors include hypertension, 
atherosclerosis, smoking, and genetic predispositions 
affecting vascular wall stability [4].

Hypertension is a major risk factor for aneurysm 
rupture, as increased arterial pressure can weaken 
vessel walls already compromised by aneurysms. 
Patients with hypertension must closely monitor their 
blood pressure to mitigate this risk [2, 7].

A multivariate analysis of the risk of MIA rupture 
revealed a particularly negative impact of age under 40, 
smoking more than 20 cigarettes per day, uncontrolled 
hypertension, and aneurysm location on the C7 segment 
of the internal carotid artery or anterior communicating 
artery. Ruptured aneurysms tend to be larger and had 
a wider neck [8].

Atherosclerotic changes reduce vascular elasticity, 
increasing rupture susceptibility under hemodynamic 
stress [1].

While evidence on the direct impact of diabetes 
on aneurysm rupture is conflicting, it is believed that 
diabetes may worsen the overall health of the vessels and 
reduce their ability to recover from damage, indirectly 
increasing the risk of rupture. Smoking-related toxins 

damage vessel walls, promoting aneurysm formation 
and rupture. Smoking is also associated with the 
development of new aneurysms and its rupture [2].

Objective: To analyze the impact of the number of 
arterial aneurysms on the acute phase of subarachnoid 
hemorrhage.

Materials and Methods
Study Participants
The study analyzed 480 medical records of patients 

who underwent inpatient treatment at Odesa City Clinical 
Hospital No. 11 between 2000 and 2023, of whom 92 
were diagnosed with multiple intracranial aneurysms 
(MIA).

The study was approved by the ethics and bioethics 
committee of Odesa National Medical University (minutes 
No. 7, dated September 30, 2019). All patients provided 
informed and voluntary written consent to participate in 
the study and for the publication of their data.

Inclusion Criteria
Patients in the acute phase of subarachnoid 

hemorrhage (SAH) caused by the rupture of MIA.
Group Characteristics
Patients with ruptured MIA were divided into two 

groups based on the number of aneurysms: Group 1 
(n = 71): Patients with two arterial aneurysms (AA), 
Group 2 (n = 21): Patients with three or more arterial 
aneurysms (≥3 AA).

The groups were comparable in terms of age        
(Fig. 1). However, women were significantly more 
prevalent in Group 2 (Fig. 2).

In Group 2, the number of patients with 3 AAs was 
16 patients (76.2%), 4 AAs - 4 (19%), 5 AAs - 1 (2.4%) 
and 6 AAs - 1 (2.4%)

Most patients with MIA were admitted in a mild 
condition, with preserved or only slightly impaired 
consciousness. Only 2.2% of patients were admitted in 
a critical condition. Differences in severity between the 
groups were observed: the proportion of patients with 
≥3 AAs admitted in critical condition was significantly 
higher (Fig. 3).

Study Design
A cross-sectional, retrospective study was 

conducted. The analysis included demographic factors 
(age, gender), clinical and instrumental features of 
SAH progression (comorbidities, hemorrhage extent, 
severity at admission, clinical manifestations), treatment 
specifics, and outcomes.

Statistical Analysis
Descriptive statistics and logistic regression were 

used in the study. A significance threshold (p-value) of 
0.05 was applied for hypothesis testing. All calculations 
were performed using Microsoft Excel.

This article contains some figures that are displayed in color online but in black and white in the print edition.
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Fig. 1. Gender distribution

Fig. 2. Age distribution

Fig. 3. Distribution of patients by WFNS scale at admission
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Results and Discussion
Positive meningeal signs were identified in 88% of 

patients with MIA. No statistically significant differences 
were observed between the groups (Fig. 4).

Motor deficits at admission varied significantly 
between the groups. Paresis was observed in 77 patients 
(84%) in Group 1 and in only 2 patients (9.5%) in Group 2.

Vasospasm was detected in 47 patients (51.1%). 
The mortality rate among patients with vasospasm 
was 11.1%, compared to 19.1% in patients without 
vasospasm.

The patterns of hemorrhage distribution in patients 
with MIA are shown in Fig. 5 and 6.

Intracranial complications were more frequent in 
Group 1, whereas extracranial septic complications were 
predominant in Group 2 (Fig. 7).

In Group 1, vasospasm occurred in 36 patients 
(50.8%), with clinical manifestations in 7 patients 
(9.9%), angiographically confirmed in 9 patients (12.7%), 
and delayed cerebral ischemia in 20 patients (28.2%). 
Mortality in patients with vasospasm was 19.4%, 
compared to 11.4% in those without vasospasm (Fig. 8).

Among women in Group 1, vasospasm was slightly 
less frequent than in men. Older patients (60–70 years) 
predominated in the non-vasospasm group, while 
vasospasm was evenly distributed across different age 
groups.

Comorbidities were present in 72 patients (78.3%). 
The proportion of patients with vasospasm and 
comorbidities was higher, indicating a potential link 
between comorbidities and an increased risk of 
vasospasm.

The most common hemorrhage type in both groups 
was SAH, but complex hemorrhages (e.g., combinations 
of SAH with ventricular and parenchymal hemorrhage) 
were more often associated with vasospasm.

In Group 2, comorbidities were observed in 
53  patients (74.6%), with vasospasm detected 
in 11  patients (52.4%), of whom 2 had clinical     
manifestations (9.5%), 2 were angiographically 
confirmed (9.5%), and 7 developed delayed cerebral 
ischemia (33.3%). Mortality among patients with 
vasospasm was 18.2%, compared to 10.0% in those 
without vasospasm.

Fig. 5. Types of hemorrhage in Group 1 Fig. 6. Types of hemorrhage in Group 2

Fig. 4. Meningeal syndrome
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Fig.7. Complications

Fig. 8. Vasospasm by age, gender, comorbidities, and hemorrhage type in Group 1
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Women with a higher number of MIA aneurysms 
had a slightly higher frequency of vasospasm compared 
to men.

In Group 2, significant differences were observed 
between age groups. Vasospasm occurred more 
frequently in the 45, 50, 55, and 70-year-old groups. In 
these age categories, vasospasm was more common, 
while other age groups demonstrated either a low 
frequency or absence of vasospasm.

The frequency of vasospasm was significantly higher 
in individuals with comorbidities compared to those 
without (Fig. 9).

More complex forms of hemorrhage, such as a 
combination of SAH with ventricular and parenchymal 
hemorrhages, were more often associated with the 
development of vasospasm.

An analysis of the presented results using binomial 
logistic regression revealed several trends and patterns 
that did not reach statistical significance but overall 
reflected the specific features of MIA progression. While 
statistical significance (e.g., p < 0.05) is considered a 
convenient indicator, the 0.05 threshold is conditional, 
and the p-value alone is not suitable for guiding clinical 
or scientific decisions. The p-value indicates (statistical) 
probability rather than (clinical) certainty, statistically 
characterizing individual comparisons but without clinical 

interpretation. A smaller sample size can substantially 
affect the p-value.

Multifactorial analysis indicates a statistically 
significant cumulative impact of the analyzed factors (p 
= 0.023). For example, the presence of comorbidities was 
3.4 times more likely among patients with ≥3 aneurysms 
(OR = 3.4233, 95% CI 0.660–17.762, p = 0.143).

Patients in Group 2 were 1.9 times more likely to be 
admitted with a WFNS score of 2 (p = 0.335).

A WFNS score of 3 at admission was twice as 
frequently recorded in Group 1 (p = 0.447). Patients in 
Groups 1 and 2 were admitted equally often with a WFNS 
score of 4 (p = 0.978). The likelihood of being admitted 
with a WFNS score of 5 was 1.8 times higher for patients 
in Group 2 (p = 0.830) (Fig. 10).

The presence of meningeal syndrome increased 
the risk of having ≥3 aneurysms by more than four 
times (odds ratio (OR) = 4.41, 95% confidence interval 
(CI) 0.41–47.13, p = 0.21). The presence of motor 
impairments significantly reduced the risk of having ≥3 
aneurysms (OR = 0.63, 95% CI 0.09–4.18, p = 0.63). 
Patients in Group 2 had a slightly higher probability of 
developing vasospasm (OR = 1.22, 95% CI 0.34–4.31, 
p = 0.752). The presence of comorbidities increased 
with the number of aneurysms (OR = 3.42, 95% CI 
0.65–17.62, p = 0.143).

Fig. 9. Vasospasm by age, gender, comorbidities, and hemorrhage type in Group 2



29Ukrainian Neurosurgical Journal. Vol. 30, N4, 2024

http://theunj.org

Conclusions
Comorbidities increased the likelihood of ≥3 

aneurysms by over threefold. Patients with fewer 
aneurysms were twice as likely to present in a milder 
condition (WFNS score 2). The likelihood of motor 
deficits decreased 4.4 times with an increased number 
of aneurysms. Vasospasm risk slightly increased with 
the number of aneurysms.

The probability of WFNS severity 5 on admission to 
hospital for group 2 patients was 1.8 times higher than 
for group 1 patients. The probability of motor deficits 
decreased 4.4 times with the number of aneurysms. The 
probability of vasospasm development slightly increased 
with the number of aneurysms.
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Introduction. Peripheral nerve injury (PNI) is a common wartime pathology, 
the presence of which significantly complicates the course and treatment of 
combat injuries to the limbs. The development of new methods of treatment 
of PNI is impossible without validating existing models of PNI and clarifying 
the dynamics of the recovery process in this type of injury over long periods 
of observation. In this paper, the dynamics of the sciatic functional index (SFI) 
after transection and immediate suturing of the sciatic nerve of an adult rat 
during 24 weeks of observation was analyzed in detail.
Objective: to analyze the dynamics of SFI after transection, as well as after 
transection and immediate suturing of the sciatic nerve of an adult rat for 24 
weeks and compare the obtained results with the data of other authors under 
similar experimental conditions.
Materials and Methods. The study was performed on 76 white adult 
outbred male rats, adhering to bioethical norms. In animals of the Sham 
group (n=24) an access to the sciatic nerve was performed, in animals of 
the Sect group (n=29) — the sciatic nerve was transected, and Raph group 
(n=23) — transection and immediate epineural suturing of the sciatic nerve 
was performed. A certain number of animals were removed from each group 
4, 8, and 12 weeks after surgery for electrophysiological and morphological 
studies, and for the rest of the animals, the experiment was completed 24 
weeks after the start of observation. SFI was determined before animals 
were removed, for all animals in each group at 4, 8, 12, 16, 20 and 24 weeks 
according to the Bain-Mackinnon-Hunter formula. Processing of digital data 
was carried out by various means of mathematical statistics.
Results. In animals of the Sham group, which were observed throughout the 
entire 24 weeks of the experiment (n=7), the average value of SFI one month 
after the injury simulation was -8.9 points and did not change significantly 
until the end of the experiment. In animals of the Sect group, which were 
observed throughout the entire 24 weeks of the experiment (n=8), one month 
after the injury, the mean SFI value was –84.7 points, significantly increasing 
to –67.0 points at the end of the 16th week, and subsequently significantly 
decreasing to –96.5 points. In animals of the Raph group, which were observed 
throughout the entire 24 weeks of the experiment (n=7), the average value of 
SFI after one month was -64.4 points, and its increase to -45.4 points at the 
end of week 24 should be considered relatively reliable. Pairwise comparison 
of the averaged for all animals SFI values in the Sham and Sect, Sham and 
Raph, and Sect and Raph groups revealed significant differences at 4, 8, 12, 
20, and 24 weeks after simulated injury. At 16 weeks post-intervention, the 
SFI values in the Sect and Raph groups were significantly different from those 
in the Sham group, but were not different from each other.
Conclusions. The method of determining the function of the paretic limb after 
sciatic nerve injury in rats using SFI has a number of technical limitations, which 
are the reason for significant variability in experimental results among different 
research groups. The reliable biphasic SFI dynamics that was discovered after 
sciatic nerve transection, as well as the insignificant (according to this data) 
fluctuations in SFI after sciatic nerve transection and neurorrhaphy, require 
independent verification, pathophysiological interpretation, and should be 
taken into account when evaluating rehabilitation methods using such an 
experimental model of peripheral nerve injury.
Keywords: peripheral nerve injury; sciatic nerve transection, neurorrhaphy, 
sciatic nerve functional index, temporal dynamics of the indicator
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Introduction
Peripheral nerve injury (PNI) is a common injury that 

often results in disability. Its prevalence, according to 
various sources, is approximately 3% of all injuries during 
peacetime [1-9] and around 5% when accounting for 
specific cases of plexus and spinal root injuries [8]. This 
translates to an incidence of 1–2 cases per 10,000 people 
annually [10-13], with even higher rates in developing 
countries [10]. During wartime, PNI frequently occurs 
as part of blast and gunshot injuries to the limbs, often 
accompanied by vascular and bone damage ([14–17] 
for peacetime gunshot PNIs, [18] - for peacetime 
PNIs in general, [19] - for wartime PNIs) significantly 
complicating the clinical course of this type of trauma.

PNI is generally considered the mildest form 
of nervous system injury but is characterized by a 
combination of prolonged sensory, motor, trophic, and 
pain disorders [1-8]. It also incurs substantial direct and 
indirect financial costs [4-7, 11, 20-26], which continue to 
rise annually [27]. Some studies have observed a decline 
in the proportion of PNI among peacetime injuries over 
the past 30 years [9]. Observational studies of patients 
with peripheral neuropathy indicate an increased risk of 
premature death [28]. However, it is unclear whether this 
is true for patients with post-traumatic neuropathy or if 
a direct link exists between PNI and mortality.

This type of trauma demonstrates age (average age 
36–39 years [9, 11, 12, 27]) and sex specificity, occurring 
twice [11-13], three times [11, 18, 27, 29], or even four 
times [9] more often in men. The most common injuries 
involve the nerves of the upper limbs, particularly the 
wrist and hand [11-13, 18, 25, 27]. Left-sided injuries 
are reportedly more frequent [18, 25]. Treatment for 
PNI is primarily surgical [9, 12, 13], often performed 
urgently and typically involves direct anatomical repair 
of the nerve through neurorrhaphy [13].

Despite the relatively high regenerative potential of 
the peripheral nervous system, the plasticity of its central 
counterpart, and significant advances in PNI treatment, 
clinical outcomes remain suboptimal. Improvement is 
possible through a comprehensive approach targeting 
the injury site, the central nervous system, and paretic 
muscles [30]. Developing such methods requires 
experimental studies and standardization of PNI      
models [31-35].

The model of complete transection of the sciatic 
nerve is considered one of the most convenient for testing 
implant-based treatment approaches [31]. However, 
despite its relative simplicity, the reproducibility of 
results with this model is unsatisfactory, necessitating 
its validation. Moreover, there is limited information in 
the available literature on this model’s behavior over 
periods exceeding 90 days [36-40]. Similarly, data on the 
statistical analysis of temporal changes in the functional-
anatomical indicator, the sciatic functional index (SFI), 
following nerve transection or segment excision in rats, 
are scarce [41, 42].

Objective: To analyze the dynamics of SFI following 
transection and immediate suturing of the sciatic nerve in 
adult rat over a 24-week observation period and compare 
the results with data from other authors under similar 
experimental conditions.

Materials and Methods
Experimental animals and groups
The study was conducted on 76 white outbred rats 

aged 4–6 months, weighing 280–380 g, sourced from 
the vivarium of the Romodanov Institute of Neurosurgery 
of the National Academy of Medical Sciences of Ukraine. 
The animals were housed under natural light conditions, 
with standard temperature and humidity levels, and 
fed a balanced combined diet ad libitum. During the 
study, principles of bioethics and humane treatment 
of animals were followed in accordance with the EU 
Council Directive 86/609/EEC on the approximation of 
laws, regulations and administrative provisions of the 
Member States regarding the protection of animals 
used for experimental and other scientific purposes 
(1986), the European Convention for the Protection of 
Vertebrate Animals Used for Experimental and Other 
Scientific Purposes (1986), and the Law of Ukraine No. 
3447-IV “On the Protection of Animals from Cruelty” 
(2006). Approval for the study was obtained from the 
Bioethics and Ethics Commission for Scientific Research 
of Bogomolets National Medical University (minutes 
No. 155, dated January 31, 2022) and the Bioethics 
Committee of the Romodanov Institute of Neurosurgery 
of the National Academy of Medical Sciences of Ukraine 
(minutes No. 39, dated May 18, 2022).

Three experimental groups were formed: 1) a group 
of sham-operated animals that underwent only surgical 
access to the sciatic nerve (Sham; n=24); 2) a group 
of modelling a complete section of the sciatic nerve in 
the middle third (Sect; n=29); 3) a group of modelling a 
complete transection of the sciatic nerve in the middle 
third and its immediate epineural neurorrhaphy (Raph; 
n=23). A certain number of animals were removed 
from each group 4, 8 and 12 weeks after the surgical 
intervention for electrophysiological and morphological 
studies (Table 1). The remaining animals completed the 
experiment 24 weeks after the start of the observation 
period.

This article contains some figures that are displayed in color online but in black and white in the print edition.

Table 1. Composition of experimental groups 
and the time course of animal removal from the 
experiment

Term of animals 
withdrawal from 
the experiment; 

weeks after 
the surgical 
intervention

The initial number of animals in 
each group (given in the title of 
each column) and the number of 
animals in the group withdrawed 
from the experiment at each of the 
indicated observation time points 

(given in the cells of the table)

Sham

(n=24)

Sect

(n=29)

Raph

(n=23)

4 5 8 5

8 6 6 5

12 6 7 6

24 7 8 7
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Surgical Procedures
The surgical procedures were performed under 

general anesthesia, induced via intraperitoneal injection 
of a mixture of xylazine hydrochloride (15 mg/kg, 
«Bіowet», Poland) and ketamine hydrochloride (75 mg/
kg, «Farmak», Ukraine). The adequacy of anesthesia 
was verified by the following criteria: absence of the 
corneal reflex, no withdrawal of the hind paw upon firm 
pressure on the foot, absence of whisker movements 
synchronized with the respiratory cycle, shallow rhythmic 
respiratory movements, and noticeable exophthalmos. 
Once these indicators were confirmed, the animal was 
positioned in a standard physiological posture (prone), 
with the limbs secured to the edges of the surgical table 
using cords. The skin on the posterolateral surface of 
the left thigh was shaved with scissors and treated 
with an antiseptic povidone-iodine solution («EGIS», 
Hungary). In moderately aseptic conditions, an incision 
was made along the line of the most superficial lateral 
surface of the femur. The attachment site of the tendon 
of the short head of the biceps femoris muscle was 
visualized, and a linear incision was made along the 
bone. The mobilized head of the muscle was retracted to 
the side (Figure 1, A). In the exposed pocket between 
the mobilized muscle head, bone, and other intact 
thigh muscles, the sciatic nerve trunk was identified 
and separated from surrounding tissues from the point 
where it exits the pelvic cavity to its bifurcation into 
main branches (Figure 1, B). In the Sham group, the 
surgical procedure ended at this stage by closing in 
layers of the dissected edge of the short head of the 
biceps femoris muscle and the tendinous portion of the 
vastus lateralis muscle at its attachment to the femur, 
followed by suturing of the skin edges with interrupted 
sutures (suture material No. 3-0, «Ethicon», USA). 
In the Sect group, the mobilized sciatic nerve trunk 
was transected using ophthalmic scissors, observing 
rapid retraction of the proximal stump (Figure 1, C). 
After ensuring hemostasis, the surgical procedure was 
completed as described above. In the Raph group, the 
stumps of the transected sciatic nerve were reconnected 
in an end-to-end manner using 3–6 (depending on nerve 
thickness) epineural interrupted sutures with moderate 
axial tension, performed with monofilament sutures 
(8.0–10.0, «Ethicon», USA) under 10–14x magnification 
of a surgical microscope (Figure 1, D). The procedure 
was completed as described above.

In all cases, the skin of the surgical wound was 
treated with povidone-iodine solution («Betadine®», 
«EGIS», Hungary). To prevent infectious complications, 
a solution of bicillin-5 («Arterium», Ukraine) was 
administered subcutaneously in the posterior cervical 
area at a dose of 1 million IU per 1 kg body weight. 
Anti-inflammatory and analgesic therapy included 
intraperitoneal administration of dexamethasone 
(«KRKA», Slovenia) at a dose of 6 mg/kg body weight. 
After the described manipulations, the animals were kept 
in a room with an elevated air temperature for 2–4 hours 
until their behavioral activity resumed. Subsequently, 
they were housed under standard conditions in cages 
measuring 55 × 33 × 20 cm (length, width, height), with 
3–6 animals per cage.

Determination of the sciatic functional index 
(SFI)

The SFI was measured in all experimental groups 
at 4, 8, 12, 16, 20, and 24 weeks post-operation. 
Testing was mandatory for animals at the specified time 
points before their removal from the experiment. The 
minimum testing period was set due to the unreliability 
of SFI measurements during the first 3 weeks following 
sciatic nerve injury in rats [43,44]. Differences between 
groups were identified for the 4th (4% of the observation 
period), 8th (11%), 12th (5%), and 24th (1%) weeks of 
observation. Footprints required for SFI calculation were 
obtained on a paper strip covering the floor of a tunneled 
horizontal runway [45–47]. Before testing, each animal 
was trained to move through the tunnel. After applying 
gouache to the plantar surface of the hind paws, the rat 
was released into the tunnel, which led to a cage. On 
the continuous, unidirectional gait footprints obtained, 
the distances between major anatomical points of the 
paw were measured, and SFI was calculated using the 
Bain–Mackinnon–Hunter formula [46]:

where E — injured limb; N — intact limb; 
PL — distance from the heel to the longest toe; 
TS — distance between the 1st and 5th toes; 
IT — distance between the 2nd and 4th toes.

The SFI ranges from –100 points (reflecting 
footprints indicating a complete loss of sciatic nerve 
function) to 0 points (reflecting normal sciatic nerve 
function).

Exclusion Criteria
Animals showing signs of purulent-inflammatory 

complications, trophic ulcers on the paretic limb or 
adjacent areas, and/or signs of autophagy were removed 
from the experiment through chemical euthanasia 
(one animal from the Sect group on the 18th day 
post-operation).

In total, 16 animals died during the first 2 days after 
surgery due to unspecified reasons (6 animals from the 
Sham group, 6 from the Sect group, and 4 from the 
Raph group). Additionally, 3 animals died later (1 from 
the Sect group in the 5th month of observation and 2 
from the Sect group during the 1st week of observation).

These animals, excluded from the experiment, were 
not included in the previously stated total number of 
experimental animals (76).

Statistical data analysis
Statistical analysis was performed using the EZR 

software package (R-Statistics), which is freely available 
online (https://www.softpedia.com/get/Science-CAD/
EZR.shtml). The mean SFI values were presented as 
M±SD for samples with a normal distribution, where 
M (mean) represents the arithmetic mean, and SD 
(standard deviation) indicates the standard error of the 
mean. For samples without a normal distribution, data 
were presented as Me (QI-QIII), where Me (median) is 
the median, and QI–QIII are the first and third quartiles, 
respectively. The distribution type was determined using 
the Shapiro–Wilk test.
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Fig. 1. Features of sciatic nerve injury modeling and SFI calculation in experimental animals: 
           A — Schematic representation of the surgical approach to the left sciatic nerve in a rat; 
           B–D — Intraoperative microphotographs of the surgical site after the main intervention stage: 
           B — Sciatic nerve trunk isolated from surrounding tissues (Sham group); 
           C — Sciatic nerve after transection, showing retraction and a gap between the proximal and distal 
                  stumps (Sect group); 
           D — Sciatic nerve after transection and immediate reconnection of the stumps with five end-to-end 
                  epineural interrupted sutures. Magnification ×14; 
           E — Example of SFI calculation using rat paw prints from the Raph group 12 weeks post-surgery. 
                  SFI –35.15.
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For animals observed over all 24 weeks, differences 
in SFI values at different observation time-points were 
analyzed using the Friedman test (for non-normally 
distributed SFI values) or repeated-measures ANOVA 
(rANOVA) with Bonferroni correction for multiple 
comparisons (for normally distributed SFI values). If 
in this way significant differences were detected within 
a group, additional pairwise comparisons between 
SFI values at different observation time-points were 
performed using the Student's t-test (for normally 
distributed data) or the Wilcoxon rank-sum test (for 
non-normal distributions).

To assess correlations between SFI values and 
observation time in animals, which were observed 
throughout the entire 24 weeks of the experiment, 
the Spearman rank correlation test was used for 
non-normally distributed SFI values (distribution of 
observation duration values was always non-normal), 
while Pearson’s test was applied for normally distributed 
SFI values. Bonferroni correction was applied for multiple 
comparisons.

To evaluate significant differences in SFI values 
between groups at specific time points, the normality 
of distribution was assessed using the Shapiro–Wilk 
test. If at least one sample deviated from a normal 

distribution, the Kruskal–Wallis test was used to 
assess group differences, followed by Steel–Dwass 
post hoc comparisons. For normally distributed SFI 
values, Bartlett's test was applied to compare variance 
homogeneity. If variances were non-normally distributed, 
the Kruskal–Wallis test and Steel–Dwass post hoc test 
were used. For normally distributed variances, ANOVA 
with Tukey’s post hoc test was applied to compare 
samples.

In all cases, a result was considered statistically 
significant if the probability of the null hypothesis was 
less than 0,05 (p < 0,05).

Results
The group-averaged values for animals observed 

throughout the 24 weeks of the experiment are 
presented in Table 2 and analyzed for significance of 
changes over time (Table 2, Fig. 2).

In the Sham group (n=7), the mean SFI value one 
month after injury modeling was –8,93 points (–16,7; 
–8,81) and did not significantly change throughout the 
experiment (p > 0.05, Friedman test with Bonferroni 
correction) (Table 2). This is supported by the absence 
of a correlation between SFI values and the duration of 
observation in this group (rS = 0,28, p > 0,05) (Fig. 2).

Table 2. Averaged SFI values in experimental groups obtained from the results of testing animals 
observed throughout all 24 weeks of the experiment

Observation 
period, week

Experimental groups

Sham (n = 7) Sect (n = 8) Raph (n = 7)

Me (QI‒QIII) Me (QI‒QIII) Me (QI‒QIII)

4 –8,93 
(–16,7;–8,81) 

–84,68 
(–93,67;–72,87) *

–64,4 
(–77,65;–56,52) 

8 –11,35 
(–15,38;–9,07) 

–80,98 
(–85,75;–73,9) *

–61,55 
(–68,96;–48,01) 

12 –4 
(–7,61;–3,81) 

–76,15 
(–81,63;–73,01) *

–63,38 
(–74,84;–60,21) 

16 –7,89 
(–9,29;–6,71) 

–66,95 
(–72,32;–64,52) *†

–52,37 
(–58,11;–51,21) 

20 –11,2 
(–15,46;–5,4) 

–76,91 
(–83,32;–70,44) 

–56,3 
(–60,59;–47,67) 

24 –6,4 
(–9,08;–4,37) 

–96,48 
(–100,0;–79,08) †

–45,4 
(–58,7;–37,35) 

Note: *SFI values in the Sect group significantly differ from the values in this group at 16 weeks of 
observation; † The difference in SFI values in the Sect group between 16 and 24 weeks of observation 
is statistically significant.



35Ukrainian Neurosurgical Journal. Vol. 30, N4, 2024

http://theunj.org

In the Sect group (n=8), the mean SFI value one 
month after injury modeling was –84,68 points (–93,67; 
–72,87). By the end of week 16, it increased to –66,95 
points (–72,32; –64,52) (p < 0,05, Student’s t-test for 
pairwise comparisons with values at weeks 4, 8, and 12). 
However, it decreased again to –96,48 points (–100,0; 
–79,08) by the end of the experiment (p < 0,01, Wilcoxon 
T-test for pairwise comparisons between weeks 16 and 
24) (Table 2). Thus, no significant correlation was found 
between SFI values and observation duration in this 
group (r = –0,06, 95% CI –0,34 to +0,22, p = 0,67). If two 
sub-periods, 4-16 and 16-24 weeks, are distinguished in 
the total follow-up period in the Sect group, a statistically 
significant average strength of association between SFI 
values and duration of follow-up was found for each of 
them (Fig. 2): positive correlation (r=0,43, 95% CI +0,1 
to +0,7, p<0,05) and negative correlation (r=–0,58, 95% 
CI –0,8 to ‒0,2, p<0,01), respectively.

In the Raph group (n=7), the mean SFI value one 
month after injury modeling was –64,4 points (–77,65; 

–56,52), which non-significantly increased to –45,4 
points (–58,7; –37,35) by the end of the experiment 
(Friedman test with Bonferroni correction, p > 0,05 for 
comparisons across observation periods) (Table 2). 
However, the presence of a moderate positive correlation 
between SFI values and observation duration (r = 0,45, 
95% CI +0,2 to +0,7, p < 0,05) indicates the significance 
of this SFI dynamic (Fig. 2).

Pairwise intergoup comparisons of SFI values of all 
animals revealed statistically significant differences for 
all three group pairs (Sham and Sect, Sham and Raph, 
and Sect and Raph) at weeks 4, 8, 12, 20, and 24 after 
injury modeling (p < 0,05, Kruskal–Wallis test and Steel–
Dwass post hoc comparisons) (Table 3; Fig. 3). At week 
16 post-injury, SFI values in the Sect and Raph groups 
were significantly different from the Sham group (p < 
0,05, ANOVA and Tukey’s post hoc test) but not from 
each other (p > 0,05, ANOVA and Tukey’s post hoc test) 
(Table 3; Fig. 3).

Fig. 2. Correlation between SFI values and the duration of observation in experimental groups (Sham — n=7, 
Sect — n=8, Raph — n=7; see Table 2). Upper row from left to right: Sham group — rS =0,28 (Spearman rank 
correlation test, p=0,07); Sect group — r=–0,06, 95% CI –0,34…+0,22 (Pearson’s test, p=0,67); Raph group 
— r=0,45, 95% CI +0,2... +0,7 (Pearson’s test, p<0,05). Lower row from left to right: Sect group, 4, 8, 12, and 
16 weeks of observation — r=0,43, 95% CI +0,1… +0,7 (Pearson’s test, p=0,015); Sect group, 16, 20, and 24 
weeks of observation — r=–0,58, 95% CI –0,8…–0,2 (Pearson’s test, p=0,003).
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Table 3. Averaged SFI values of the experimental groups (obtained from the results of testing all animals) and 
their differences at each observation period

Observation period, 
week

Experimental groups (the number of animals tested at each time point of the experiment 
is indicated in each corresponding cell of the table)

Sham Sect Raph

4
Me (QI–QIII), n=24 Me (QI–QIII), n=29 Me (QI–QIII), n=24

–7,6 (–13,91;–4,09) –79,9 (–89,85;–73,85) –70,41 (–77,42;–58,57)

8
M±SD, n=19 M±SD, n=21 M±SD, n=19

–11,36±5,18 –77,15±10,1 –51,99±20,63

12
M±SD, n=13 M±SD, n=15 M±SD, n=14

–7,62±6,29 –78,49±8,64 –60,38±12,95

16
M±SD, n=7 M±SD, n=8 M±SD, n=8

–7,54±4,03 –68,58±8,67 ● –58,39±10,01 ●

20
M±SD, n=7 M±SD, n=8 M±SD, n=7

–10,67±7,81 –77,34±8,82 –53,57±8,93

24
Me (QI–QIII), n=7 Me (QI–QIII), n=8 Me (QI–QIII), n=7

–6,4 (–9,08;–4,37) –96,48 (–100,0;–79,08) –45,4 (–66,7;–37,2)

Note. ● The difference in SFI values between the Sect and Raph groups is statistically insignificant; the 
difference in SFI values when comparing all pairs at all other observation time points is statistically significant.

Fig. 3. Actual SFI values of all experimental animals (points; see Table 3), their medians (horizontal lines within 
the rectangles), the boundaries of the I and III quartiles (parts of the colored bar located below and above the 
median, respectively, at each time point), mean values (x), standard deviations (distance between the mean 
value marker and the lower or upper edge of the bar), and the degree of dispersion (variance) beyond the 
upper and lower quartiles (horizontal whisker bars) of the three experimental groups at all observation time 
points. The mean values at different observation time points for each group are connected by a solid line of the 
corresponding color, which only conditionally reflects the temporal dynamics, since in all groups at the same 
time points a certain number of rats were removed, reducing the number of animals in the group:
*(black, located on top) — the difference in SFI values between the Sect and Raph groups after 16 weeks of 
observation is statistically insignificant;
*(red, located below) — the difference in SFI values in the Sect group at 4, 8, and 12 weeks of observation 
compared to the value at 16 weeks of observation is statistically significant;
**(red, located below) — the difference in SFI values in the Sect group at 16 and 24 weeks of observation is 
statistically significant.
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Discussion
Limitations of the method for determining the 

state of the paretic limb using SFI
The study of the effectiveness of any new method 

for restoring the function of an injured nerve is carried 
out under experimental conditions using various models 
of this pathology. Probably, the most common model 
today is the injury of the sciatic nerve of an adult 
rat, specifically its complete transection [31‒35,  48]. 
However, a significant number of questions remain 
unresolved (standardization of the surgical component, 
means of verifying nerve regeneration, clinical 
translation of the obtained results) [44].

Despite the mixed type of the sciatic nerve and the 
important role of somatosensory signaling in locomotion 
[49], researchers' attention is focused on monitoring 
the correlates of the integral motor capability of the 
paretic limb against the background of sciatic nerve 
injury. The most common of these is SFI, which reflects 
the anatomical features of the paretic foot under the 
condition of its loading during the free unidirectional 
locomotion of the animal. From this perspective, the 
index is a functional-anatomical indicator. The method 
of calculating SFI was proposed and algorithmized by L. 
De Medinaceli et al. (1982, 1984) [41, 50], subsequently 
modified and tested [46, 51]. Today, it can be stated 
that some studies indicate the absence of correlation 
between SFI values and morphometric indicators of the 
sciatic nerve in some models of its injury (reviewed [46]), 
while others demonstrate such a correlation ([42, 52], 
reviewed [43]). Importantly, SFI values correlate [51] 
with a more complex and subjective [53, 54] indicator 
of motor activity of the rat's hind limb, proposed by D.M. 
Basso, M.S. Beattie, J.C. Bresnahan for assessing motor 
deficit in animals against the background of spinal cord 
injury [54, 55]. This indicator may prove to be more 
sensitive for detecting residual motor deficit after certain 
types of sciatic nerve injury [51, 56, 57].

Despite the widespread use of SFI, it is important 
to remember a number of technical limitations of this 
method for determining the state of the paretic limb 
[46, 56]: 1) obtaining quality prints is possible only at 
a moderate speed of the animal passing through the 
track, 2) the increase in the animal's mass during the 
experiment changes the characteristics of the prints 
and can affect the result of the SFI calculation, 3) the 
clarity of the prints can be significantly distorted due to 
deformation and positioning of the paretic foot caused 
by contractures, as well as due to the consequences 
of autophagic or automutilative disruption of the foot's 
anatomy. For example, autophagy of the phalanges 
of the denervated foot [58] usually occurs starting 
from the third week after injury, is accompanied by 
infection, regional edema, and dystrophic changes in 
the foot tissue, and is considered a manifestation of 
post-traumatic complex regional pain syndrome [58, 59]. 
Obviously, dystrophic changes in the denervated foot can 
distort its prints, and chronic pain can cause protective 
locomotion to limit mechanical irritation, which also 
affects the prints, including those of the intact foot due 
to its compensatory overloading [46].

Given the mentioned factors, the relevance of the 
methodology for assessing the function of the rat's sciatic 
nerve using SFI is probably satisfactory only after 3 

weeks of observation [43]. The individual variability of 
SFI values, characteristic of any study mentioned here, 
remains unexplained; its probable causes, among other 
things, may be individual differences in the segmental 
sources of nerve fibers of the sciatic nerve [60], and 
therefore, the muscles innervated by this nerve, as well 
as the disregard for the high branching of the nerve into 
branches [61].

Another feature of the modern var iant of 
SFI calculation is the impossibility of its accurate 
determination in intact animals. For this reason, in 
the Sham group, the recovery of the SFI value to zero 
points was not registered. One of the explanations is 
the peculiarity of the SFI calculation formula, according 
to which, with complete symmetry of the prints of the 
hind feet of an intact animal, all members of the formula 
turn to zero except for the last term, so SFI under such 
conditions should be –8.8 points. The motivation of Bain, 
Mackinnon, and Hunter regarding this feature is not 
clarified due to the inaccessibility of their publication. 
However, according to E.F. Oliveira et al. (2001) [52], 
the fact that SFI in healthy intact animals with such a 
calculation does not equal zero may indicate the limited 
ability of this method to determine the state of the 
paretic limb.

Long-term monitoring of consequences is a key 
requirement from the perspective of quality and safety 
control of any new treatment method. Paradoxically, 
there is an extremely limited number of works in 
which, on the model of sciatic nerve transection 
and its immediate reconstruction, the state of the 
neuromuscular apparatus was assessed for more than 
3 months, i.e., more than 12-13 weeks or 90 days ([36] 
— 14 weeks, [37] — 32 weeks, [40] — 24 weeks, [38] 
— 52 weeks, [39] — 5 months). In some of these works 
[37], there is no assessment of the motor activity of the 
paretic limb, at least using SFI.

Comparison of obtained data with results from 
other research groups

Given the mentioned reservations, it is necessary 
to compare the data we obtained with the results from 
other groups. A distinctive feature of the SFI value 
dynamics we observed is its multiphase nature: in the 
Sect group, the maximum value occurs at the 16th week 
of observation, while in the Raph group, it occurs at the 
8th and 24th weeks. The phasic nature of SFI dynamics 
in similar experimental models has been noted in many 
available studies. For example, in the case of modeling 
the transection and immediate suturing of the sciatic 
nerve in rats, L. De Medinaceli et al. (1982) [41] found an 
increase in the SFI index (calculated using their primary 
formula) from less than –100 points to approximately 
–90 points on the 11th day of observation, followed by 
a decrease to approximately –100 points on the 32nd 
day. It is not known whether these temporal changes in 
SFI were statistically significant.

A similar dynamic with a peak on the 10th day of 
observation (approximately –75 points) was observed by 
A. Ganguly et al. (2017) [62] after complete transection 
of the sciatic nerve without neurosuturing in adult 
male Long Evans rats. In other strains under similar 
conditions and instruments, they recorded a decrease 
and stabilization of SFI values (from approximately –75 
to –100 points, Wistar strain), a consistently low value 
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(approximately –100 points, Sprague Dawley strain), a 
decrease by the 14th day and a gradual increase (from 
approximately –75 to approximately –100 points, Lewis 
and Fischer strains). The total observation period in this 
study was only 35 days. The authors did not perform 
any statistical verification of the described features of 
SFI dynamics. Notably, according to the same data, with 
digital registration and analysis of prints, SFI values 
were higher than with conventional (analog) methods.

In adult male Sprague Dawley rats, Y. Jung and 
colleagues (2014) [63], by analysing hind feet prints 
obtained by the analogue method, recorded an increase 
in the average SFI value from approximately –100 to 
about -75 points during the first week after a simulation 
of complete transection and immediate sciatic nerve 
suturing similar to ours, a decrease during the 2nd week 
and a gradual increase to approximately -60 points at 
the 12th week of the experiment.

According to J.K. Terzis and K.J. Smith (1987) [64], 
after transection and immediate suturing of the sciatic 
nerve in adult male Sprague Dawley rats, a biphasic 
dynamics of SFI (calculated using the primary method 
[41]) was recorded: from approximately –90 points in 
the 1st week to approximately –70 points in the 7th 
week and approximately –90 points in the 12th week 
of observation. The authors did not perform statistical 
verification of this dynamics. However, P.J. Evans et al. 
(1991) [36] under similar experimental conditions noted 
an increase in the SFI value to approximately –80 points 
by the end of the first month, a decrease over the next 
2 weeks, a repeated increase to approximately –65 
points by the end of the 10th week, a decrease by the 
end of the 12th week, and an increase to –40 points by 
the 14th week of observation. It is not known whether 
these changes were statistically significant.

After modeling complete transection and immediate 
suturing of the sciatic nerve in adult male Sprague 
Dawley rats, M. Sakuma et al. (2016) [65] detected 
two peaks in SFI values using digital print registration 
tools: a narrow peak at the beginning of the second 
month (approximately 6 weeks after injury modeling, 
approximately –100 points with an initial value of 
approximately –130 points) and around the 70th day 
(10 weeks after injury modeling, approximately –100 
points with a value on the 90th day of approximately 
–120 points). Thus, under these experimental conditions, 
the authors did not find any signs of SFI recovery over a 
3-month observation period. Strangely, the registration 
and analysis of prints using the same instrument after 
modeling complete transection of the sciatic nerve even 
without neurorrhaphy, according to A. Ganguly et al. 
(2017) [62] for the Sprague Dawley strain, yielded a 
much higher SFI value on the 35th day—approximately 
–40 points compared to approximately –120 points [65].

Therefore, after complete transection and immediate 
suturing of the sciatic nerve in adult male rats, some 
authors did not find signs of SFI recovery at the 
beginning of the second month [41] or up to the 12th 
[64] or 13th week [65], while others recorded it only 
after 12 weeks [63] or 14 weeks [36]. We were unable 
to find results from longer studies of SFI levels under 
these experimental conditions.

Significant discrepancies in SFI monitoring results 
are also characteristic of: 1) the model of sciatic nerve 

transection without neurorrhaphy performed on different 
rat strains [62], 2) obtaining SFI by conventional and 
digital methods [62], 3) obtaining prints and calculating 
SFI using the same system, but after sciatic nerve 
transection without neurorrhaphy (better results — [62]) 
and with immediate neurorrhaphy (worse results — [65]).

In the study by V.Y. Molotkovets et al. (2020) [39], 
following isolated transection of the sciatic nerve in 
adult male rats, the SFI value changed from –(79,3±3,8) 
points after 1 month post-injury to –(75,0±2,9) points 
at the end of the 3rd month, and to –(73,2±5,4) points 
at the end of the 5th month. In the case of immediate 
neurorrhaphy (we provide corrected data due to the 
presence of an editorial error [39]), the values changed 
from –(41,6±3,7) points at the end of the first month 
to –(33,2±4,4) points at the end of the 3rd month, and 
to –(21,3±1,2) points at the end of the 5th month of 
observation, which significantly differs from our data 
and the data of other authors.

Under similar experimental conditions, O. Goncharuk 
et al. (2020) [66] found that during the first month after 
isolated transection of the sciatic nerve in adult male 
rats, the SFI values were approximately –70 points. In 
the case of immediate suturing, the values gradually 
increased, almost linearly, from approximately –70 points 
1 week post-injury to approximately –35 points after 4 
weeks of observation.

Therefore, our data on SFI recovery following 
transection and immediate suturing of the rat's sciatic 
nerve (approximately –60 points at the 12th week) are 
consistent with the data of Y. Jung et al. (2014) [63] 
and P.J. Evans et al. (1991) [36], while the results of O. 
Goncharuk et al. (2020) [66] and V.Y. Molotkovets et al. 
(2020) [39] indicate much better SFI recovery outcomes.

Heterogeneous dynamics of SFI values can also be 
observed in the case of autoplasty of the transected 
sciatic nerve. For example, in a model of excising 
an 8-millimeter segment of the sciatic nerve and 
immediately closing the resulting defect with the same 
fragment in Fischer rats, T. Meder et al. (2021) [40] 
describe a biphasic dynamics of SFI—an increase from 
approximately –80 points at the 2nd week of observation 
to approximately –50 points at the 7th week, a slight 
decrease by the 10th week, a stable value until the 20th 
week, and an increase to approximately –50 points by the 
24th week of observation. The authors did not determine 
the statistical significance of all these changes.

The statistical significance of SFI dynamics after 
sciatic nerve injury remains unexplored. Only one study 
contains an analysis of the reliability of temporal changes 
in SFI [42], but in this study, the observation of the 
injury lasted only 6 weeks. A crush injury, rather than 
transection of the rat's sciatic nerve, was reproduced. 
This issue is tangentially addressed in the model of sciatic 
nerve injury and immediate suturing in rats by L. De 
Medinaceli et al. (1982) [41], as well as by J.M. Shenaq 
et al. (1989) in a model of excision and immediate repair 
of a one-centimeter defect of the rat's sciatic nerve 
[67]. Attempts to analyze the statistical significance of 
differences in SFI values at three observation time points 
(1, 3, and 5 months) after transection or transection 
and immediate suturing of the rat's sciatic nerve were 
also made by V.Y. Molotkovets et al. (2020) [39], but 
the results of this analysis are not provided in the cited 
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publication. Moreover, the limited number of time points 
does not reveal all the features of the recovery process 
dynamics. However, the authors found a statistically 
significant difference between SFI values at the end of 
the 3rd and 5th months, but not between the values at 
the end of the 1st and 3rd months. This observation 
is consistent with the data of other authors [36] and, 
to some extent, with our data, which indicate that in 
the case of transection and immediate suturing of the 
adult rat's sciatic nerve, a large increase in SFI values 
(irreversible until the end of observation in each of these 
experiments) occurs in the late period of the injury, no 
earlier than the 4th month.

Pathophys io log ica l  as sumpt ions and 
speculative interpretation of the obtained data

It is known that regenerative growth of nerve fibers 
through the injury zone begins as early as the fourth 
day after transection and immediate suturing of the 
sciatic nerve in adult male Sprague Dawley rats. This 
growth occurs at a rate of 3,2 mm/day, as determined 
for sensory fibers by studying mechanical sensitivity 
along the exposed nerve trunk ("pinch test") [68]. 
Regenerative growth of motor fibers into the portion 
of the sciatic nerve distal to the crush zone in animals 
of a similar strain, sex, and age was observed starting 
from the third day. This was identified through the 
accumulation of radioactive-labeled (³H) proline in 
growth cones, previously stereotactically introduced 
into the anterior horn of the corresponding spinal cord 
segment. The growth rate of motor fibers ranged from 
3,0 to 4,4 mm/day [69]. In mice, the regeneration of 
large fibers (motor and sensory) starts later and is 
generally less effective than the regeneration of small, 
autonomic, and pain fibers [70]. According to these 
data, knowing the distance from the injury site to the 
innervation zone, it can be stated that the first fibers will 
reach the innervation zone of the corresponding muscles 
after injury and immediate neurorrhaphy of the sciatic 
nerve in adult rats between the third or fourth day and 
the end of the first month.

Overall, in our opinion, interpreting the dynamics of 
the sciatic functional index (SFI) during the first month 
after sciatic nerve injury should consider the following 
factors: the rate of regenerative nerve fiber growth, 
sprouting reinnervation of paretic muscles by fibers from 
the intact femoral nerve, plasticity at various levels of 
the motor system, the potential development of pain 
syndrome, functional compensation of weight-bearing 
by the intact hind limb, immunogenic demyelination, 
and remyelination of nerve fibers (reviewed in [30, 44]), 
alongside the low reliability of the SFI during the first 
three weeks of observation. For instance, the peak SFI 
values recorded in some studies [41, 62, 63] during the 
second week of observation may indicate temporary 
compensation due to either preserved innervation of the 
paretic limb muscles for various reasons or additional 
loading of the intact limb. The rapid decline in SFI may 
be related to the exhaustion of this compensatory 
mechanism.

During the second month, the active establishment 
of functionally significant contacts between regenerating 
nerve fibers and muscles likely continues (see [37]), 
which is assumed to influence changes in the SFI. There 
is evidence that the regeneration of small autonomic and 

pain fibers begins earlier and yields greater functional 
outcomes (regarding their respective functions) than the 
regeneration of large-caliber fibers (motor and sensory) 
[69]. At this stage and beyond, plasticity processes in 
both central and peripheral parts of the motor system, 
including muscles and neuromuscular synapses, play a 
significant role (reviewed in [30, 44]). Additionally, the 
dynamics of the trauma zone's organization process 
may be relevant. Scar consolidation could theoretically 
contribute to demyelination, reduced conduction 
velocity, complete or partial action potential blockage, 
or even the death of individual nerve fibers. The 
exhaustion of motor neurons overloaded by primary 
compensatory activity redistribution, which maintained 
or initially restored connections with the paretic limb 
muscles, is also possible. If such motor neurons die, it 
will result in a decrease in the SFI, as observed in the 
Raph group during the third month. In the Sect group, 
similar dynamics were observed later, suggesting that 
processes characteristic of the Raph group in the second 
and third months may occur in the Sect group during 
the fourth and fifth months.

The near-linear increase in SFI after sciatic nerve 
transection and immediate suturing ([39]—over the 
first five months, [66]—over the first month) or for 
certain rat strains after sciatic nerve crush modeling 
([62]—during the second and third weeks) could be 
explained by a linear increase in the number of motor 
fibers reinnervating damaged muscles during the 
specified period. This would involve a "wedge-shaped" 
growth front of these fiber groups at a uniform speed 
but with varying onset times for individual fiber growth. 
This scenario would resemble one of the mechanisms of 
ontogenetic growth in nerve fiber bundles, with leaders 
and followers among them [71,  72]. However, it is 
doubtful that the sensitivity of the SFI allows for such 
fine detection of changes in muscle innervation volume.

In general, it can be stated that identifying the 
role of each of these pathophysiological components 
in SFI dynamics is currently impossible due to limited 
knowledge about the molecular and cellular mechanisms 
of nerve regeneration and the inability to simultaneously 
monitor each component in real-time. Therefore, 
the most promising research designs should include 
not only SFI monitoring but also molecular-genetic, 
electrophysiological, morphological, and other modern 
methods applied concurrently.

Conclusions
Despite the relative simplicity of modeling, PNI 

remains poorly studied. One of the most common models 
of PNI is the transection of the sciatic nerve in adult 
rats. The most widely used and currently irreplaceable 
method for assessing the function of the paretic limb 
under these experimental conditions is the calculation 
of the SFI. However, literature data on the behavior of 
this parameter in this type of PNI vary significantly, are 
mostly limited to the first three months of observation, 
and often fail to reveal the reliability of SFI dynamics. 
According to our findings, in the case of sciatic nerve 
transection in adult rats, SFI values change in a biphasic 
manner, with a statistically significant peak at the 
16th week of observation. In contrast, in the case of 
transection followed by immediate suturing, the SFI 
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dynamics differ significantly, showing two statistically 
insignificant peaks at the 8th and 24th weeks of the 
experiment.

A comparison of our data with the results of other 
groups highlights the limitations of the methodology 
for studying sciatic nerve injury using SFI. We believe 
that improving this methodology should involve not 
only the development of more precise methods of 
lifetime monitoring of paretic limb function—combined 
with molecular-genetic, electrophysiological, and 
morphological analysis—but also the application of 
relevant statistical methods to assess the significance 
of temporal changes in the identified parameters over 
extended observation periods.
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Objective: To investigate the effectiveness of radiological methods for 
diagnosing optic nerve and chiasm atrophy in compressive optic neuropathy 
caused by tumors of the chiasmal-sellar region (CSR).

Material and methods: The diagnostic and treatment outcomes of 50 patients 
(100 eyes) with CSR tumors were analyzed. These patients were treated at 
the A.P. Romodanov Institute of Neurosurgery of the National Academy of 
Medical Sciences of Ukraine from 2021 to 2023. The study group of patients 
(50 patie:nts) was divided into two subgroups: Group I – restoration of visual 
functions (26 patients, 52%, 52 eyes); Group II – no restoration of visual 
functions (24 patients, 48%, 48 eyes). Clinical-neurological, ophthalmological, 
and otoneurological examinations were performed. MRI of the brain was 
conducted on all patients using high-field scanners (1.5 and 3.0 Tesla), 
and measurements of the optic nerve (ON) diameter in the intraorbital and 
intracranial parts, as well as the height and width of the chiasm.

Results: The morphometric parameters of the ON diameter in the intraorbital 
part and the height of the chiasm did not significantly differ between the 
studied groups (p>0.05). The morphometric parameters of Group I did not 
differ from the control group (p>0.05). In Group II the average diameter of 
the intracranial part of the ON (2.31±0.26 mm) and the average width of the 
chiasm (11.39±0.31 mm) were statistically significantly different from the 
control group values: 2.97±0.2 mm and 13.69±0.57 mm, respectively, p<0.05. 
Despite significant variability in individual characteristics, the parameters 
of the intracranial part of the ON ≤ 2.31 mm and the chiasm width of ≤ 
11.39 mm indicate irreversible atrophic changes and can be used to predict 
ophthalmological outcomes in patients with CSR tumors.

Conclusions: Measuring the thickness of the chiasm and the diameter of the 
intracranial part of the optic nerve using high-resolution MRI is a convenient 
and effective method for diagnosing optic nerve atrophy (ONA) and predicting 
ophthalmological outcomes after decompression of the optochiasmal complex.

Keywords: chiasmal-sellar region tumors; high-resolution MRI; compressive 
optic neuropathy; optic nerve atrophy

Introduction
The optic chiasm is a crucial neuroanatomical 

structure in the brain where the optic nerves converge 
and partially cross. It is located above the area of the 
tuberculum sellae. Above the chiasm lies the floor of the 
third ventricle with the recessus opticus, as well as the 
anterior cerebral and anterior communicating arteries, 
while below, it borders the diaphragm of the tuberculum 
sellae. The internal carotid arteries are located laterally 
to the chiasm [1-3] (Fig. 1).

The total length of the optic nerve (ON) ranges from 
35 to 55 mm. It consists of intraorbital, intracanalicular, 
and intracranial sections. The intracranial section is 
the most variable, measuring 4–17 mm [4]. Studies 
using histological methods and magnetic resonance 
imaging (MRI) at 1.5 Tesla have shown a reduction in 
the normal diameter of the ON along the intraorbital 
segment from (3.99±0.04) mm immediately behind 
the eyeball to (3.50±0.04) mm at a distance of 10 mm 
from the posterior pole of the eyeball [5]. S. Mncube 
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and M. Goodier (2019) conducted a study using high-
resolution MRI (>1.5 Tesla) and reported a range of 
normal ON diameters: the intraorbital section at 5 mm 
from the posterior pole of the eyeball measured 2.52 
mm (1.53–3.69 mm), at 10 mm from the posterior pole 
2.37 mm (1.44–3.63 mm), and the intracranial section 
4.27 mm (2.46–5.19 mm) [6]. According to M. Prairie et 
al. (2024), an ON diameter of ≤2.3 mm at 10 mm from 
the posterior pole of the eyeball is a highly sensitive and 
specific indicator of optic nerve atrophy (ONA) [7]. B. 
Zhao et al. (2019) found that an ON area of ≤4.0 mm² 
measured by MRI is both highly sensitive and specific 
for predicting the presence of ONA [8].

Studies using high-resolution MRI have reported that 
the average area of the chiasm is between 27.07 and 
43.7 mm², with an average length of 5–12 mm, average 
width of 12.23–15.0 mm, and average height of 1.93–3.5 
mm [6, 9, 10]. According to J. Parravano et al. (1993), 

a chiasm width of <13.5 mm is a marker of optic nerve 
atrophy (ONA) [11].

The morphometric parameters of the optic nerve 
(ON) and chiasm reported in the literature vary, but 
most researchers agree that the width of the chiasm 
and the diameter of the intracranial portion of the ON 
are reliable measurement indicators [6].

Assessing the morphometric parameters of the ON 
and chiasm with MRI can provide additional information 
for diagnosing ONA and predicting ophthalmological 
outcomes following the removal of tumors in the 
chiasmal-sellar region (CSR). However, there are few 
reports on average chiasm sizes based on MRI in the 
healthy population, and existing data are inconsistent. 
Given the individual variability in chiasm size and ON 
thickness, identifying parameters that could supplement 
objective ophthalmological data on atrophic changes in 
the visual pathway is relevant.

This article contains some figures that are displayed in color online but in black and white in the print edition.

Fig. 1. Anatomy of the chiasmal-sellar region: A – sagittal section; B – horizontal section. The intracranial part 
of the optic nerves is shown [1]
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Objective: To analyze the ef fectiveness of 
radiological methods for diagnosing optic nerve and 
chiasm atrophy in compressive optic neuropathy caused 
by tumors in the chiasmal-sellar region.

Materials and Methods
Study participants
The diagnostic and treatment outcomes of 50 patients 

(100 eyes) with chiasmal syndrome caused by CSR 
tumors—pituitary adenomas in 26 patients (52%) and 
tuberculum sellae meningiomas in 24 patients (48%)—
were analyzed. These patients received treatment at 
the A.P. Romodanov Institute of Neurosurgery, National 
Academy of Medical Sciences of Ukraine, from 2021 
to 2023 (study group). The study group included 25 
women (50%) and 25 men (50%), with an average age 
of 50.50±10.21 years.

The study was conducted in compliance with  
bioethics principles, including the provisions of the 
Declaration of Helsinki on human rights, and was 
approved by the Ethics Committee of the A.P. Romodanov 
Institute of Neurosurgery, National Academy of Medical 
Sciences of Ukraine (minutes No. 5, dated 13.12.2019). 
All patients provided informed and voluntary written 
consent to participate in the study and for data 
publication.

Inclusion criteria
The inclusion criteria were: pituitary adenomas and 

tuberculum sellae meningiomas without optic nerve 
canal involvement, presence of chiasmal syndrome, and 
a follow-up period of at least 12 months.

Exclusion criteria included progressive tumor 
growth, supradiaphragmatic craniopharyngiomas and 
other CSR tumors with cystic components, patients with 

signs of intracranial hypertension, prior radiation therapy 
or surgery, and concurrent ophthalmological diseases. 
Craniopharyngiomas were excluded from the study as 
the visual impairment in these cases is caused not only 
by optic nerve atrophy (ONA) but also by tumor invasion 
into the ON and/or chiasm. Assessing the extent of 
visual function restoration is challenging due to potential 
intraoperative devascularization of the visual apparatus, 
which significantly affects postoperative visual acuity.

Group characteristics
Based on ophthalmological outcomes following 

CSR tumor removal, patients were divided into two 
subgroups: Group I, with restoration of visual functions 
(26 patients, 52%, 52 eyes), and Group II, without 
restoration of visual functions (24 patients, 48%, 48 
eyes). The control group consisted of 20 healthy adults 
(40 eyes) with no ophthalmological or neurosurgical 
pathology.

Study Design
The patients underwent clinical-neurological, 

ophthalmological, and otoneurological examinations 
using instrumental and laboratory diagnostic methods.

All patients underwent MRI of the brain using high-
field scanners (1.5 and 3.0 Tesla) in native mode and with 
contrast enhancement in three projections. Standard 
brain imaging protocols included T1WI and T2WI T2WI 
slices. MRI was performed at least two weeks prior to 
surgery. The ON diameter was measured at two points: 
the intraorbital section (10 mm from the posterior pole of 
the eyeball) and the intracranial section (5–6  mm from 
the chiasm) in the axial projection (Fig. 2). The height 
of the chiasm was measured in the frontal (coronal) 
projection, and the width of the chiasm in the axial 
projection (Fig. 3).

Fig. 2. Technique for measuring 
the diameter of the optic nerve 
(brain MRI, axial projection, 
T1-weighted images): 
A – intraorbital part; 
B – intracranial part

А

B
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Fig. 3. Technique for measuring 
chiasm parameters: 
A – height (brain MRI, coronal 
projection T1WI-weighted images), 
marked by a yellow line; 
B – width (brain MRI, axial 
projection T1WI-weighted images), 
marked by a yellow line

The ophthalmological examination included 
visometry, biomicroscopy, perimetry (both kinetic and 
static), and ophthalmoscopy (both direct and indirect). 
The first examination was performed on the 1st–2nd day 
after hospital admission, the second on the 5th–7th day 
of the postoperative period (early postoperative period), 
and follow-ups were conducted at 1, 3, and 6 months, 
as well as at 1 year. Examinations continued throughout 
the year if delayed (late) visual function recovery was 
observed.

Visual acuity was tested with optimal correction. 
The visual field was assessed using the Centerfield 2 
perimeter (Germany) with the "Threshold test neuro 
- 30-2" and "Neuro screening" programs, focusing on 
defect localization and the mean deviation (MD) indicator 
of total light sensitivity loss.

Visual function recovery was def ined as an 
improvement in visual acuity to ≥1.0, elimination of 
visual field defects, and MD < -2 dB in both eyes.

Statistical Analysis
Data were entered into Excel and analyzed using 

the "Statistica 6.0" software. Results are presented 
as the mean ± standard deviation (M±SD). To assess 
the significance of differences (p-value) between 
independent groups, Student's t-test for paired samples 
was applied. A p-value < 0.05 was considered statistically 
significant. Pearson’s χ² test or Fisher's exact test was 
used to evaluate the distribution frequency for traits 
when the sample size was small.

Results and Discussion
The results of the morphometric measurements of 

the ON and chiasm are presented in Tables 1 and 2.
A uniform age distribution was found across 

both groups (p > 0.05). Patients in the study groups 

demonstrated reduced visual acuity and visual field 
defects in the form of bitemporal heteronymous 
hemianopia (complete or partial) (Figures 4 and 5).

It was established that the average visual acuity 
values (Group I – 0.66±0.31, Group II – 0.55±0.32) and 
the average total light sensitivity loss before surgery 
(group I – 13.81±0.82 dB, group II – 15.32±0.71 dB) did 
not differ significantly (p>0.05). However, the duration 
of visual impairments was significantly different (Group 
I – 5.35±4.38 months, Group II – 21.80±0.32 months, 
p<0.05).

The diameter of the ON in the intraorbital part and 
the chiasm height did not differ significantly between 
groups (p>0.05). There was also no statistically 
significant difference in morphometric parameters 
between group I and the control group (p>0.05). In 
group II, the average diameter of the intracranial part of 
the optic nerve (2.31±0.26 mm) and the average chiasm 
width (11.39±0.31 mm) were significantly smaller than in 
the control group (2.97±0.20 mm and 13.69±0.57 mm, 
respectively, p<0.05). The diameter of the intraorbital 
part of the optic nerve and the chiasm height in group 
II tended to decrease, though the difference was not 
statistically significant (p>0.05).

In healthy individuals, the average optic nerve 
diameter was: intraorbital part – 3.08±0.25 mm, 
intracranial part – 2.97±0.20 mm, consistent with values 
reported by S.S. Mncube and M.D. Goodier (2019) [6], at 
2.52 mm (1.53–3.69 mm) and 4.27 mm (2.46–5.19 mm), 
and the average chiasm width (13.69±0.57 mm) aligns 
with findings from S.S. Mncube and M.D. Goodier 
(2019), – 13.63 mm (11.13–16.92 mm), and is only 
slightly different from values reported by S.O. Polat et 
al. (2020) – 12.82±1.27 mm and V. Juenger et al. (2020) 
– 12.23±1.15 mm [9, 10].
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Table 1. Clinical and morphometric characteristics of the study groups

Clinical data Group I  
n=26

Group II  
n=24 Student’s t-test value, p

Age, years 51,50±11,38 50,4±9,5 t=0,07 
p>0,05

Visual Acuity 0,66±0,31 0,55±0,32 t=0,25 
p>0,05

MD, dB 13,81±0,82 15,32±0,71 t=1,39 
p>0,05

Disease duration, months 5,35±4,38 21,80±0,32 t=3,75* 
p<0,05

Diameter of intraorbital part of 
ON, mm 2,99±0,16 2,88±0,26 t=0,36 

p>0,05

Diameter of intracranial part of 
ON, mm 2,84±0,25 2,31±0,26 t=0,64 

p>0,05

Chiasm Height, mm 2,13±0,35 1,97±0,24 t=0,38 
p>0,05

Chiasm Width, mm 12,86±0,32 11,39±0,31 t=3,3* 
p<0,05

Note: * – The difference in values is statistically significant.

Table 2. Average morphometric parameters of the optic nerve and chiasm, mm

Group
Diameter of 

intraorbital part of 
ON

Diameter of 
intracranial part of 

ON
Chiasm height Chiasm width

Control Group, n=20 3,08±0,25 2,97±0,20 2,01±0,35 13,69±0,57

Group I, n=26 2,99±0,16 2,84±0,25 2,13±0,35 12,86±0,32

Group II, n=24 2,88±0,26 2,31±0,26* 1,97±0,24 11,39±0,31*

Note: * – The difference in values is statistically significant.

According to the literature [6, 9, 10], the chiasm 
height in healthy individuals varies from 1.93 to 3.5 
mm, which is consistent with our findings of 2.01±0.35 
mm. The lack of a statistically significant difference 
in chiasm height across the studied groups suggests 
low diagnostic value for this parameter in diagnosing 
optic nerve atrophy (ONA), likely due to the difficulty 
of measuring small structures under chiasmal 
compression.

An intracranial optic nerve diameter of ≤2.31 mm 
and a chiasm width of ≤11.39 mm indicate irreversible 
atrophic changes and may be used to predict ophthalmic 
outcomes in patients with skull base tumors. These 

findings align with the conclusion by M. Prairie et al. 
(2024) that an intracranial optic nerve diameter of 
≤2.3 mm is a highly sensitive and specific marker for 
ONA [7]. According to J. Parravano et al. (1993), a chiasm 
width of <13.5 mm is a sign of ONA. Such conflicting 
conclusions may stem from technical challenges in using 
low-resolution MRI to measure small structures in the 
visual pathway [11].

The results obtained suggest that a reduction in 
chiasm width and intracranial optic nerve diameter 
occurs earlier than reductions in chiasm height and the 
diameter of the intraorbital part of the ON.
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Fig. 4. Automated static perimetry of a patient from group I: A – before surgery; B – after surgery
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Fig. 5. Automated static perimetry of a patient from Group II: A – before surgery; B – after surgery.

Conclusions
High-resolution MRI enables informative visualization 

of the structures of the visual pathway and the 
characteristics of CSR.

In cases of compressive optic neuropathy, an 
intracranial optic nerve diameter of ≤2.31 mm and a 
chiasm width of ≤11.39 mm indicate atrophic changes, 
which can serve as a convenient supplementary 
diagnostic tool for optic nerve atrophy (ONA). These 
indicators can be used to predict visual recovery 
outcomes in the surgical treatment of certain chiasmal-
sellar region.
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Objective: To investigate the impact of the degree of invasion of the superior 
sagittal sinus by meningiomas on the radicality of removal and to assess the 
risks of complications during surgical intervention for superior sagittal sinus 
meningiomas.

Materials and Methods: The study included 82 patients who underwent 
surgery at the Romodanov Neurosurgery Institute over the past 10 years 
(from 2013 to 2023). The cohort comprised 53 women and 29 men, with an 
average age of 43.4±1.7 years. Inclusion criteria are: a histologically confirmed 
diagnosis of meningioma and evidence of superior sagittal sinus invasion 
based on neuroimaging (MRI with intravenous contrast enhancement, MSCT 
angiography).

Results: A total of 84 surgical procedures were performed on 82 patients. 
Among these, 71 were primary cases (84.5%), and 13 were secondary cases 
(15.5%). In 7 out of 13 secondary surgeries, superior sagittal sinus invasion 
was first detected through neuroimaging and confirmed intraoperatively. 
Postoperative hemiparesis of varying degrees was observed in 41 patients 
(50%), with 10 cases showing an increase in neurological deficits due to 
surgical intervention. Motor deficits completely regressed within 3-6 months 
post-surgery in 28 out of 41 patients. Tumor recurrence was identified in 4 
patients (4.9%) within 2.5-6 years after the primary surgery. Among these, 
3 were morphologically confirmed as "anaplastic meningioma Grade III," and 
1 as "atypical meningioma Grade II".

Conclusions: Meningiomas originating from the arachnoid membrane 
constitute a significant proportion of primary intracranial tumors, with varying 
degrees of venous sinus invasion. Surgical planning for meningiomas invading 
the superior sagittal sinus should consider the radiological classification of 
invasion degrees, which aids in determining the treatment strategy. MRI 
with intravenous contrast and MSCT angiography are crucial for identifying 
collateral blood flow and assessing the degree of venous sinus invasion before 
surgical intervention.

Keywords: meningioma; superior sagittal sinus; angiography; hemiparesis

Introduction
Meningiomas are benign tumors originating from 

the arachnoid membrane and account for 14–19% of 
all primary intracranial neoplasms [1]. Neurosurgical 
treatment of meningiomas that invade the sagittal 
sinus and cause partial or complete occlusion is a 
challenging task [2]. One aspect of the diagnostic 
problem for meningiomas in the sagittal sinus region is 
the preoperative determination of their relationship with 
the major brain arteries and the dura mater sinuses. 
Neuroimaging techniques, such as contrast-enhanced 
magnetic resonance imaging (MRI) (Fig. 1) and multislice 
computed tomography (MSCT) angiography (Fig. 2), 
enable the assessment of the tumor's relationship with 
the major arteries and venous sinuses.

A retrospective comparison of angiographic data 
with intraoperative and pathological findings has 
identified a number of characteristic radiological features 
that allow the determination of the relationship between 
meningiomas in the sagittal sinus region and the major 
brain arteries and venous sinuses in the preoperative 
period. This issue is also complicated by the frequent 
involvement of draining veins in the tumor, whose 
injury can lead to the appearance or worsening of 
neurological deficits in patients. Aggressive removal of 
these tumors may result in sinus thrombosis, leading to 
venous infarction and worsening neurological symptoms 
depending on the location of the meningioma.

Copyright © 2024 Mykhaylo S. Kvasha, Anatoliy V. Spiridonov
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https://creativecommons.org/licenses/by/4.0/



52

http://theunj.org

Ukrainian Neurosurgical Journal. Vol. 30, N4, 2024

Materials and Methods
Study participants
The study included 82 patients operated on at the 

Romodanov Neurosurgery Institute during the last 10 
years (2013–2023). There were 53 women, and 29 men. 
The mean age of the patients was (43.4±1.7) years.

The study was approved by the ethics and 
bioethics committee of the Romodanov Institute of 
Neurosurgery, National Academy of Medical Sciences of 
Ukraine (minutes No. 3 dated December 16, 2020). All 
participants provided informed and voluntary written 
consent for participation in the study and publication 
of data.

Inclusion Criteria
1) A histologically confirmed diagnosis of meningioma.
2) Evidence of invasion into the superior sagittal 

sinus (SSS) based on neuroimaging data (contrast-
enhanced MRI, MSCT angiography).

3) Surgical intervention for a meningioma involving 
the superior sagittal sinus.

Group Characteristics
Type I invasion of meningioma of the superior 

sagittal sinus (SSS) by the classification of M.P. Sindou 

and J.E. Alvernia was detected in 50 (61.0%) patients, 
type ІІ - in 9 (11.0%), type ІІІ - in 5 (6.0%), type ІV - in 
5 (6%), type V - in 6 (7.3%) and type VI - in 7 (8.7%).

Most meningiomas (71%) of the superior sagittal 
sinus site were located in the middle third of the sinus, 
corresponding to the segment from the coronal to the 
lambdoid suture, consistent with literature data (45.0–
70.5%). Meningiomas in the anterior third of the sinus 
(from the crista galli to the coronal suture) accounted 
for 22% (18 patients), while those in the posterior third 
of the sinus accounted for 7% (6 patients).

In 68 cases (81%), a conservative approach was 
employed involving coagulation of the falx cerebri. In 
16 cases (19%), an aggressive approach was taken, 
including resection of the affected portion of the falx 
cerebri, with resection of the affected SSS segment in 
12 cases (75%).

Study Design
The study is retrospective.
Statistical Analysis
Data processing and analysis were performed 

using descriptive statistics, univariate and multivariate 
analysis, and survival assessment methods. The 

This article contains some figures that are displayed in color online but in black and white in the print edition.

А B

Fig. 1. Brain MRI. Meningiomas of the mid-posterior third of the superior SSS in T1-weighted contrast-enhanced 
mode: A - sagittal projection, B - frontal projection, C - axial projection

C

Fig. 2. MSCT - angiography. Giant meningioma of the anterior and middle third 
of the SSS with total occlusion of the superior sagittal sinus in the venous phase:      
A - axial projection; B - frontal projection

А B
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following software was used: Statistica v.10 (StatSoft® 
Inc., USA, license No. STA862D175437Q), SPSS 17.0 
(IBM, USA), MedCalc (MedCalc Software Ltd, Ostend, 
Belgium; www.medcalc.org, trial versions 20.113 (2022) 
and 20.218 (2023)) The Shapiro-Wilk test was applied 
to verify the conformity of quantitative variables to 
a normal distribution. For normally distributed data, 
parametric statistics were used, including: mean (M), 
standard error of the mean (m), standard deviation 
(SD), comparisons were made using Student’s t-tests 
for independent (t) and dependent (T) samples. The 
statistical significance of differences in categorical data 
was assessed using Pearson’s χ² test.

Results
One of the critical factors to consider during 

surgical planning is the presence of collateral circulation 
developed during tumor growth [3]. In our practice, in 
addition to contrast-enhanced MRI, MR angiography or 
MSCT angiography was frequently employed for surgical 
planning. In 73% of patients, collateral blood flow was 
detected via magnetic resonance venography in cases 
of superior sagittal sinus occlusion.

Lesions of the SSS with complete lumen occlusion 
were identified in 6 cases via direct sinusography.

In 5 cases, a local filling defect of the SSS was 
recorded at the site of partial invasion of its lumen by 
the tumor. Indirect signs suggestive of potential tumor 
invasion into the SSS wall include the vascular shadow 
of the tumor in the sinus projection area [4]. Another 
diagnostic indicator is the outward deviation of the 
peripheral ascending branches of the callosomarginal 
artery. This sign indicates meningioma infiltration into 
the parasagittal angle, implying contact with the SSS 
wall. This is further supported by the displacement of 
the A4–A5 segments of the anterior cerebral artery 
across the midline.

Thus, careful examination of angiograms in patients 
with SSS meningiomas allows surgeons to preoperatively 
assess the degree of involvement of major brain vessels 
and dura mater sinuses in the tumor process.

Based on the obtained data, the following focal 
craniographic signs of intracranial meningiomas indicate 
the tumor's proximity to the bone: productive changes 
such as hyperostosis, bone thickening characterized by 
"swelling with irregular trabecular remodeling," and bone 
hypervascularization primarily due to the expansion and 
increased number of diploic channels. These features are 
diagnostically significant as they provide insights into 
both the localization and type of tumor. These signs are 
most commonly associated with meningiomas located 
on the convexity and, to a lesser extent, the basal 
surfaces of the cerebral hemispheres. It is important to 
note that hyperostosis (often diffuse) may sometimes be 
the only radiological sign of intraosseous or "en plaque" 
meningiomas [5].

Osteolytic changes such as thinning, protrusion, or 
erosion of the bone also suggest proximity to the tumor. 
However, these changes may also occur in other benign 
neoplasms. Bone resorption or osteoporosis, particularly 
in the convexity regions of the skull, can result not only 
from tumor effects but also from prolonged intracranial 
hypertension. Therefore, evaluating these signs requires 
considering clinical manifestations as well.

Radiological classification of venous sinus invasion:
Group 1 - partial sinus occlusion (<50%)
Group 2 - subtotal sinus occlusion (50–99%)
Group 3 - total venous sinus occlusion
To determine the degree of invasion using this 

classification, intravenous-enhanced MRI is used to 
assess meningioma spread, complemented by MSCT 
angiography (Table 1).

Patients were also classified according to the widely 
accepted classification by M.P. Sindou and J.E. Alvernia 
(Figs. 3 and 4).

The majority (71%) of SSS meningiomas were 
located in the middle third of the sinus, corresponding 
to the area between the coronal and lambdoid sutures, 
aligning with data from the literature (45.0‒70.5%). 
Meningiomas of the anterior third of the sinus (from the 
crista galli to the coronal suture) accounted for 22% (18 
patients), while those of the posterior third of the sinus 
made up 7% (6 patients) (Fig. 5).

The clinical symptoms in patients with SSS 
meningiomas included seizures (29.3%), headaches 
(89.0%), and varying degrees of hemiparesis (37.8%).

Surgical Treatment
Patients were positioned laterally in a park-bench 

position or supine with head fixation using a three-
point Mayfield clamp. A horseshoe-shaped skin incision, 
based at the SSS, was made with particular attention to 
preserving the integrity of the periosteum for subsequent 
dura mater reconstruction. Craniotomy was performed, 
typically using two burr holes placed in the SSS projection 
based on MRI and MSCT angiography data. Bone flap 
craniotomy was extended across the midline. The next 
step involved incision and possible resection of the 
affected dura mater, devascularization of the tumor from 
the falx cerebri and SSS, piecemeal tumor resection, and 
removal. In 68 cases (81%), a conservative approach 
with coagulation of the falx cerebri was adopted, while 
in 16 cases (19%), an aggressive approach involving 
excision of the affected segment of the falx cerebri 
was employed, with SSS resection in 12 (75%) of these 
cases. The latter was predominantly observed in patients 
with type V and VI invasion as per M.P. Sindou and 
J.E. Alvernia's classification. All 12 patients underwent 
the SSS reconstruction of the dura mater using the 
periosteum, muscle, or "TachoComb" (Takeda, Austria). 
Dural defect repair was conducted with the periosteum 
or artificial dura to prevent postoperative cerebrospinal 
fluid (CSF) leakage.

Table 1. Distribution of patients by degree of superior sagittal sinus invasion in this study

Angiographic type Degree of sinus invasion Number of patients

Group 1 <50% 49 (59,8%)

Group 2 50‒99% 11 (13,4%)

Group 3 Total 22 (26,8%)
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Fig. 3. Schematic representation of types of invasion of the 
SSS. Type I – the meningioma is adjacent to the outer wall of 
the sinus; type II – invasion into the lateral corner of the SSS; 
type III – invasion into the ipsilateral wall of the sinus; type 
IV – invasion into both the ipsilateral wall and roof of the sinus; 
type V – total occlusion of the sinus, but the contralateral wall 
remains intact; type VI – total invasion of the SSS involving all 
walls of the sinus

Fig. 4. Distribution of SSS meningiomas according to 
the M.P. Sindou and J.E. Alvernia classification
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A total of 84 surgical procedures were performed on 
82 patients, including 71 (84.5%) primary surgeries and 
13 (15.5%) reoperations. Among the 13 reoperations, 
invasion into the SSS was newly detected in 7 cases 
based on neuroimaging and confirmed intraoperatively 
(p=0.001).

Two reoperations were necessitated by epidural 
hematoma due to low molecular weight heparin 
administration for SSS thrombosis prevention. Of the 68 
subtotal tumor resections (Simpson III) [7], caused by 
residual tumor in the sinus cavity, 21 (30.9%) patients 
were elderly (>75 years), and in 42 (61.8%), the tumor 
involved the middle third of the SSS with venous drainage 
involvement.

Partial SSS thrombosis was diagnosed in 5 
asymptomatic cases (6%) on postoperative MSCT 
angiography, correlating with type V-VI invasion 
according to M.P. Sindou and J.E. Alvernia (p=0.001).

Postoperative CSF leakage occurred in 3 (3.6%) 
cases, which were managed conservatively with lumbar 
drainage for 4–5 days and anti-edema therapy without 
requiring further surgery.

In the postoperative period, 41 (50.0%) patients 
experienced varying degrees of hemiparesis. Neurological 
deficits worsened in 10 patients due to surgery but fully 
regressed within 3–6 months in 28 cases.

Seizure control (Engel I: seizure-free) was achieved 
in 22 (91.7%) out of 24 patients with preoperative 
epilepsy after 3–6 months of follow-up [8].

Within 3 months after surgery, 27 (32.9%) patients 
complained of recurrent headache.

Persistent tumor growth was detected in 4 patients 
(4.9%) between 2.5–6.0 years postoperatively. 
Histological analysis confirmed “anaplastic meningioma 
Grade III” in 3 cases and “atypical meningioma Grade II” 
in 1 case [9]. All patients were referred for radiosurgical 
treatment, achieving remission consistent with the 
literature (p<0.05) [10].

Conclusions
Meningiomas originating from the arachnoid 

membrane represent a significant portion of primary 
intracranial tumors with varying degrees of venous 
sinus invasion. Surgical planning for SSS-invasive 

meningiomas should consider radiological invasion 
classifications to guide treatment strategy.

Preoperative MRI with intravenous contrast and 
MSCT angiography allow for identifying collateral blood 
flow and determining the degree of sinus invasion.

Recognizing angiographic vascularization features 
of meningiomas aids in surgical strategy. A clear 
understanding of the topography of afferent tumour 
vessels facilitates intraoperative identification and timely 
blockage of them to prevent excessive bleeding which 
complicates the performance of the planned volume of 
surgical intervention.

Postoperative monitoring of neurological status and 
complications remains critical for patients undergoing 
surgical treatment of SSS meningiomas.
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Objective. The retrosigmoid approach is a commonly used cranial approach 
to the cerebellopontine angle lesions, vascular and nerve pathologies. This 
study aims to develop a practical technique for intraoperative mapping of 
the sigmoid sinus using the topography of the mastoid emissary vein (MEV) 
canal to improve the accuracy of retrosigmoid craniotomy, and minimize 
postoperative adverse outcomes.
Materials and methods. Consecutive patients who underwent retrosigmoid 
approaches for cerebellopontine angle occupying lesions from October 2023 
through August 2024 were included in the study. Perioperative computed 
tomography (CT) was performed with a slice thickness 0.5 mm in the axial 
plane. The projection of the internal opening of the MEV canal onto the external 
surface of the mastoid process was determined as the posterior border 
sigmoid sinus and anterior border for craniotomy. Comparative analyses were 
performed using t-test and Chi-square test.
Results. A total of 20 patients were operated for neoplasms occupying the 
cerebellopontine angle using retrosigmoid approach. The average measured 
distance from the external opening of the MEV canal to the projection of 
sigmoid sinus posterior border was 9.36 ± 2.17 mm (range 6.3–13.20 mm). 
The postoperative CT data showed statistically significant differences between 
the study and control groups in measures of bone window (p = 0.057) and 
surrounding cranial defect (p < 0.001). The size of bone flaps was slightly 
similar in all groups (p = 0.114). The mean cranial defect in the study group was 
almost twice smaller than in the control group 22.4% vs. 44.5% respectively.
Conclusions. This study confirms the utility of mastoid emissary vein 
canal topography in improving the accuracy of retrosigmoid craniotomy. By 
facilitating precise sigmoid sinus mapping, the technique reduces the extent 
of bone removal and minimizes postoperative cranial defect.
Keywords: Mastoid emissary vein canal; retrosigmoid craniotomy; mastoid 
foramen; cranial topography
Abreviations: MF – mastoid foramen; MEV – mastoid emissary vein;      
RSA – retrosigmoid approach; RSC – retrosigmoid craniotomy; CPA – 
cerebellopontine angle; SS – sigmoid sinus

Introduction
The retrosigmoid approach (RSA) is a well-

established cranial approach to the cerebellopontine 
angle (CPA), commonly used for the resection of various 
neoplasms, vascular anomalies, and cranial nerve 
pathologies [1]. Existing external anatomical landmarks 
for RSA, such as the occipitomastoid suture, asterion and 
mastoid foramen (MF), are known to be highly variable 
[2, 3, 4]. In rural surgical practices, this variability 
often necessitates a two-step retrosigmoid craniotomy 
(RSC), where initial bone removal over the cerebellar 
hemisphere is followed by further bone drilling to expose 
the venous sinuses. Precise craniotomy planning and 
intraoperative orientation are crucial for minimizing 
unnecessary cranial defects and reducing the risk of 

inadvertent sinus exposure, which carries a high risk of 
laceration [5, 6, 7].

Previous anatomical studies have revealed 
topographic variations in the mastoid emissary vein 
(MEV) canal in cadaver specimens, which offer valuable 
insights for improving surgical mapping and reducing 
the risk of excessive bleeding or thromboembolic 
complications during RSA [2, 3, 4, 8]. Efforts to 
delineate the posterior border of sigmoid sinus (SS) 
using alternative external anatomical landmarks, such 
as the digastric point, have not consistently clarified the 
trajectory of the superior aspect of the SS [5, 6].

Other studies have evaluated the accuracy of 3D CT 
reconstruction and navigation techniques in identifying 
the junction of the transverse sinus and SS during 
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retrosigmoid craniotomies. These studies highlight the 
reliability of navigation based on anatomical landmarks 
while underscoring the limitations of using the asterion 
as a reference point [7, 8, 9, 10].

This study is aimed to develop practical technique of 
intraoperative sigmoid sinus posterior border mapping 
using topography of the MEV canal to facilitate precise 
maximally lateral craniotomy for cerebellar retraction 
and skull defect minimization.

Materials and Methods
Study Design
This study employed a prospective cohort design 

to investigate the efficacy and outcomes of SS mapping 
technique in RSA surgery. The study adhered to ethical 
guidelines of the Declaration of Helsinki and institutional 
review board approval.

Patient Selection
Consecutive patients who underwent retrosigmoid 

approaches for CPA occupying lesions from October 2023 
through August 2024 were included in the study. Informed 
consent was obtained from all patients before surgery.

Fig. 1. Planning the retrosigmoid craniotomy using axial CT scans 
with measurement of the distance (A) between perpendicular lines 
to mastoid surface between the mastoid foramen (B) and internal 
opening of the MEV canal (C) projection corresponds to projection of 
the sigmoid sinus posterior border

Imaging
Perioperative CT was performed on Aquilion ONE 

(Toshiba, Japan) with a slice thickness of 0.5 mm in the 
axial plane and a 0.25 mm slice reconstruction interval.

Image processing
The CT data were processed using Horos 3.3.6 

(Horos Project, GNU Lesser General Public License, 
Version 3). The data series were visualized in 3D MPR 
mode with a CT bone window regime (WL 300,  W 1500).

The MF (external opening of MEV canal) was 
identified using axial scans in the horizontal plane. 
Subsequently, the angle of the horizontal plane was 
adjusted by manipulating the horizontal axis on sagittal 
images to align with the internal opening of the MEV 
canal. This maneuver allowed visualization of nearly the 
entire MEV canal length, clarifying its direction within 
the bone and its inclination angle.

The projection of the internal opening of the MEV 
canal onto the external surface of the mastoid process 
was determined by constructing a perpendicular line to 
the external mastoid surface. The distance between the 
projection points and the MF was measured (Fig. 1).
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Table 1. Clinical and anatomical data of patients in the MEV topography study group
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10 L 34 9.6 S 2 8.77 6.13 6.95 8.40 17.26

Surgical procedure
The RSA was per formed in the park bench 

position with rigid head fixation. We used standard 
retroauricular slightly C-shaped skin incision with 
further periosteal dissection forming one soft tissue 
flap. After coagulation of MEV, the MF was sealed with 
bone wax. The posterior border projection of the SS at 
the level of MF was identified according to preoperative 
calculations. The line “A” connecting calculated point 
with digastric point was recognized as posterior border 
SS and anterior border for the craniotomy. The asterion 
was always selected as the upper border of planned 
craniotomy. The initial burr hole was placed over the 
cerebral hemisphere at the medial lower part of the 
surgical wound. After blunt dura separation, the bone 
cutting was performed with high-speed drill including 
asterion, MF and digastric groove in one or two step 
maneuvers without additional use of rongeurs to widen 
the craniotomy.

Data Collection
Patient demographics, short-term postoperative 

complications, and outcomes were documented. All 
clinical and neuroimaging data were stored in a local 
hospital database.

Statistical Analysis
Descriptive statistics were used to summarize 

patient characteristics, and outcomes were presented 
as frequencies and percentages. Continuous variables 
were reported as means with standard deviations or 
medians with interquartile ranges, as appropriate. 
Comparative analyses were performed using Chi-square 
test for categorical variables, and the two-sample 
t-test was applied for comparing continuous variables.              
P-value < 0.05 was considered statistically significant.

Results
A total of 20 patients were operated on for СPA 

lesions using the RSA. The study group consisted of 10 
patients where craniotomy was performed with MEV 
topography data (Tab. 1), other 10 patients were in 
the control cohort.

The MEV canal was presented in all cases of study 
group on CT as hypodense straight structure passing 
close to the Frankfort Horizontal Plane with one or two 
external openings (Fig. 2A and 2B). In our series only 
in 2 cases the MEV canal had curved “S” like form in axial 
or sagittal plane (Fig. 2C and 2D). The medium distance 
between external and internal MEV canal opening was 
11.90 ± 1.18 mm (range 9.40–14.10 mm). The medium 
measured distance “A” from the external opening of the 
MEV canal to the projection of SS posterior border was 
9.36 ± 2.17 mm (range 6.3–13.20 mm).

Intraoperatively in all cases of study group the MEV 
was found on the retromastoid area as a thin-walled 
vessel with intact circulation. The intraoperative anatomy 
was consistent with the preoperative CT findings. The 
MEV was managed in standard fashion, dissected and 
coagulated followed by waxing of MF.

The postoperative CT data (Fig. 3) showed 
statistically significant differences between study and 
control groups in measures of bone window (p = 0.057) 
and surrounding cranial defect (p < 0.001). The size of 
bone flaps was slightly similar in all groups (p = 0.114). 
The data of calculations are presented in Table 2.

The mean cranial defect in the study group was 
almost twice smaller than in the control group (22.4% 
vs. 44.5%). Additionally, the maximal cranial defect in 
the study group was smaller than the minimal defect in 
the control group (31.4% vs. 34.4%).
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Fig. 2. Preoperative CT reveals the straight shape of the MEV canal in axial plane (A), with two external 
openings (B), a curved shape in axial (C) and sagittal plane (D).
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Fig. 3. Postoperative CT after retrosigmoid approach with the use of MEV topography shows minimal linear 
cranial defect (A), compared to a wide retromastoid defect due to additional bone removal after initially 
insufficient craniotomy (B)

Table 2. Comparison of demographic parameters and surgical outcomes between study and control groups

Descriptives Study group Control group P–value

Number of patients, n 10 10 –

Median age, yrs 47 54
0.236

Age range, yrs  26–72  33–72

Mean bone flap ± m, cm2 7.16 ± 1.55 6.05 ± 1.41
0.114

Bone flap range, cm2 5.30–10.62 4.10–8.30

Mean bone window ± m, cm2 9.18 ± 1.51 10.93 ± 2.27 
0.057

Bone window range, cm2 7.20–12.06 7.30–14.70

Mean cranial defect ± m, % 22.26 ± 6.11 44.47 ± 7.21
< 0.001

Cranial defect range, % 11.94–31.40 34.38–55.96

Discussion
The retrosigmoid approach plays a crucial role in 

neurosurgery, providing access to the posterior fossa 
for various pathologies at CPA. Enhanced visualization 
on all CPA levels implies following the classical rule for 
exposition of the posterior margin of the SS as a lateral 
border of the RSC. The SS projection has an individual 
relation with external bone landmarks [3, 4, 8]. This 
fact provoked the profound study of regional anatomy 
of most prominent bone structures such as asterion, 
mastoid sulcus and mastoid foramen (MF) with its 
emissary vein to find the topographical patterns and 
prevent the complications caused by local venous system 
interruption [5, 6, 11, 13].

Tubbs et al. (2009) [8] performed a study aimed 
to enhance the precision of the RSC by investigating 
external bony landmarks on 100 adult skulls. The 
authors' technique included both side skull drilling from 
inside at the transverse-sigmoid sinus junction area. 
The position of the burr hole was measured from a well-
defined horizontal zygomatic line and vertical mastoid 
line. The results indicated consistent patterns for left 
and right sides, but revealed variability of measured 
distances with a standard deviation of 8.35 mm for 
zygomatic line and 7.25 mm for mastoid line. These 
findings emphasize the significance of refining landmark 
data for accurate external localization of the area near 
the transverse-sigmoid sinuses for RSA planning.
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The study of Hampl et al. (2018) [4], involving 295 
skulls, comprehensively evaluated both quantitative 
and qualitative parameters of the MF. The MEV passing 
through the MF holds crucial neurosurgical significance 
due to its variable presence near the occipitomastoid 
suture, posing a risk of bleeding in surgical approaches 
through the mastoid process, particularly in RSA. The 
work reveals that expecting a variable location and 
number of mastoid emissary veins (MEVs), often with 
two external openings (41.2%). Internal openings 
predominantly occur as a single foramen (76%) with 
a median length of the MEV canal 9,3 mm. The work 
focuses on the prevention of dyshemic complications 
associated with venous system disorders and the need 
for preoperative neuroimaging to prevent predictable 
situations in the surgical field. However, the technical 
part of performing RSA, taking into account data on 
the individual anatomy of the MEV canal, was beyond 
the scope of these and other predominantly anatomical 
studies [2, 3, 11].

Neuronavigation supports transverse and SS 
mapping and helps in planning and performing RSA. The 
group of 30 patients was analyzed by da Silva et al. [9] 
showed prevalence of image-guidance over anatomical 
surface landmarks. In an even smaller group of patients, 
Hamasaki et al. [7] demonstrated the advantage of 3D 
reconstruction of CT data and the establishment of a 
topographic relations of the sinus projection to external 
bony landmarks without neuronavigation.

In 2021, Kubo et al. [6] proposed a line that is 
an extension of the digastric groove to determine 
the position of the initial burr hole for RSA. The aim 
of the study was to determine the safe zone of skull 
perforation outside the sinus passage in trigeminal 
neuralgia. Although the authors do not mention the use 
of neuroimaging methods to create access and perform 
a precise craniotomy. However, on the detailed diagram 
they show the significant variability in the location of 
external landmarks such as the asterion relative to the 
projection of the adjacent sinuses.

The study of Rosen et al. [12] focuses on the CT 
morphometric features of MEV. Through the evaluation of 
100 consecutive patients with vestibular schwannomas, 
the research highlights notable anatomical variations 
in the number, size, and intraosseous length of MEVs, 
emphasizing the necessity of thin-slice CT for accurate 
preoperative planning. The detection rate of MEVs in 
thin-slice CT scans was significantly different from 
standard CT scans. Using thin-slice CT data the MEVs 
localization and diameter could be predicted to prevent 
surgical injuries.

The following studies by Hu et al. [10] proposed the 
use of a coordinate system based on 3D reconstruction 
of CT data. Several landmarks except asterion were 
identified and marked on the outer surface of the skull: 
the midpoint of the posterior edge of the external 
auditory canal, the apex of the mastoid process and 
the digastric groove apex. To locate the key point for 
burr hole above the sinus, the ratio of segments of the 
transected lines was calculated, instead of absolute 
values.

The publication of Hall [13] in 2019 summarized the 
results of previous morphometric studies. Eight methods 
of key point localisation were used on 50 models of 3D 

skulls. The authors prefer methods that allow the use 
of bone landmarks directly within the surgical field to 
reduce the possible errors due to the surgical draping and 
soft tissues. Although the selected techniques operate 
with the indents that are indicated in absolute numbers, 
the burr hole enhances surgical effectiveness while 
reducing the risk of complications linked to excessive 
exposure of venous sinuses or the creation of oversized 
bony defects.

The present study focused on clinical implementation 
of previously described cranial landmarks to develop 
a simple technique of precise RSA to avoid time-
consuming bone removal, tearing of the sinus wall, and 
postoperative cranial defect. The distance between MF 
and projection point of the MEV confluence into SS, its 
most posterior border, allows one to choose the optimal 
position of the RSC.

Additionally, besides sinus mapping, our study 
considers that the modified RSC technique proposed 
by Choque-Velasquez and Hernesniemi [14] is less 
harmful and risky. According to the authors, for RSA a 
single burr hole is placed on the occipital squama over 
the cerebellar hemisphere at medio-caudal part of the 
planned bone window. This location of burr hole is simple 
to perform due to thinner bone and safer due to plain 
dura mater layers beneath. When classic RSA implies 
key hole drilling at the asterion area with thick bone 
and high risk of sinus wall perforation. If necessary, 
the basal extension of RSA to the condylar region was 
performed by craniotome forming a single bone flap to 
avoid additional bone removal in close to the sinuses.

The evolution of RSA went from rejection of bone flap 
removal in all cases for posterior fossa decompression 
to maximal preservation of surrounding tissue layers 
for better consolidation of surgical wound [2, 14, 1]. 
Further development of reliable and simple techniques 
for intraoperative orientation would have impact on 
surgery related risks levels and facilitate fast patient 
postoperative recovery.

Conclusion
This study confirms the utility of mastoid emissary 

vein canal topography in improving the accuracy of 
retrosigmoid craniotomy. By facilitating precise sigmoid 
sinus mapping, the technique reduces the extent of 
bone removal and minimizes postoperative cranial 
defect. These findings highlight the potential of this 
approach to enhance surgical safety and efficiency in 
cerebellopontine angle procedures.
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Multisutural synostosis, characterized by the fusion of multiple cranial 
sutures without a clear underlying syndrome, represents a rare subtype 
of craniosynostosis. Particularly uncommon is the simultaneous fusion of 
the sagittal, metopic, and bilateral coronal sutures. This report details the 
case of a 50-month-old boy, who had an abnormal head shape due to the 
simultaneous fusion of four sutures. The closure of the sagittal, metopic, and 
bilateral coronal sutures has led to a distinct head shape marked by flattening 
of the forehead and anterior skull, contrasting with the typical Mercedes-Benz 
pattern observed in craniosynostosis cases. Surgical intervention involved 
osteotomy with symmetrical barrel staves in the parietal and frontal regions, 
resulting in improved forehead contour.
Key Words: brachicephaly; craniosynostosis; multisutural craniosynostosis; 
nonsyndromic craniosynostosis; scaphocephaly; trigonocephaly
Abbreviations: C - coronal, L - lambdoid, M - metopic, S - sagittal

Introduction:
Craniosynostosis refers to the premature fusion of 

one or more cranial sutures, resulting in an abnormal 
head shape [1]. Typically, it manifests as an isolated 
fusion affecting a single suture and is not commonly 
associated with an identifiable genetic syndrome [2]. In 
contrast, syndromic synostoses, though less prevalent, 
often involve multiple sutures, including at least both 
coronal (C) sutures [3].

Apart from these syndromic cases, a small subset of 
patients exhibits a complex pattern of synostosis without 
an easily identifiable underlying syndrome. Involvement 
of the metopic (M) and sagittal (S) sutures, followed by 
the S and bilateral lambdoid (2L) sutures, represents the 
most common types of this multisutural, nonsyndromic 
craniosynostosis [4]. Simultaneous fusion of the S, M, 
and bilateral coronal (2C) sutures is exceptionally rare.

This report presents a case of complex nonsyndromic 
craniosynostosis where four sutures (S, M and 2C 
sutures) were fused simultaneously and its surgical 
management.

Case Presentation:
A 50-month-old boy was admitted to the neurosurgery 

department with an abnormally shaped head since early 
infancy. He had an uneventful delivery at 30 weeks via 
C-section due to a breech-presenting twin. After lying 
in an incubator for 3 weeks, he always lagged behind 
his peers in terms of head circumference, height and 
weight. According to the parents, his development was 

normal within the typical developmental milestones. 
His head circumference was between the 10th and 25th 
percentile for his age group. The patient was examined 
for the syndrome before admission to our clinic, but no 
pathology was found.

He presented with an unusual cranial shape 
characterized by distinctive frontal f lattening of 
the cranium as the main feature of this rare form 
of craniosynostosis. Three-dimensional computed 
tomography revealed the fusion of the S, M, and 2C 
sutures. Radiological sign of increased intracranial 
pressure was also noted via the copper beaten skull 
appearance (Fig. 1A). Fundoscopic examination was 
normal.

The child underwent surgery. After a bicoronal skin 
incision, bilateral paramedian parietal bony incision using 
a high speed craniotome along the fused S suture was 
made. The middline S bone left in place. The craniotomy 
was extended beyond the closed cranial suture along the 
M suture. Then bilateral barrel-stave osteotomies were 
performed bilaterally and extended to the contiguous 
frontal bone with bilateral removal of fused C sutures 
(Fig. 1B). The postoperative course was uneventful. 
Postoperative assessments noted improvement in 
forehead flattening, with further enhancement observed 
fifteen months post-surgery. Radiologic evaluation 
showed resolution of the increased intracranial pressure 
on the cranial bone with widened biparietal diameter 
(Fig. 1C).
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Fig. 1A. 3D head computed tomography, lateral and anterior views; fusion of the 
bilateral coronal, metopic, and sagittal sutures with signs of increased intracranial 
pressure with copper beaten appearance.

Fig. 1B. Peroperative image, lateral and superior view; osteotomy with 
symmetrical barrel staves in the parietal and frontal regions

Fig. 1C. 3D head computed tomography, lateral and anteior views; postoperative 
15th month, showing improved flattening of the forehead, resolution of the copper 
beaten appearance with a widened biparietal diameter.
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Discussion:
In about 85% of cases, craniosynostosis is limited 

to a single suture. The anatomical classification is based 
on the involved suture [5]. The most common form, 
with a prevalence of 45% to 50% of all nonsyndromic 
craniosynostosis, is S synostosis. Recent epidemiologic 
studies have shown that about 25% of all patients have 
M synostosis, which is the second most common form 
[3]. C (unilateral or bilateral) synostosis accounts for 
17%, while L synostosis is thought to account for 1-5% 
of all nonsyndromic craniosynostosis [6].

Approximately 15% of cases are syndromic 
synostoses, usually involving multiple sutures, including 
at least 2C sutures [3]. When the S+2C sutures are fused, 
the membranous bones of the calvarium expand between 
the sutures, giving the appearance of a cloverleaf as 
in Kleeblattschädel syndrome; or a high forward tilted 
head in the form of acrocephaly as observed in Apert 
syndrome. In craniosynostosis with 2C+L sutures, the 
forehead recedes, resulting in an upturned, posteriorly 
declined head and a pointed skull shape, which is 
associated with compensatory hypergrowth of the 
bregmatic fontanel in the form of oxycephaly as in 
Crouzon syndrome [7-9].

Aside from these syndromic craniosynostoses, 
there is a small subgroup of patients with a multisutural 
synostosis pattern in whom the underlying syndrome is 
not readily apparent. Czerwinski et al. retrospectively 
analyzed 858 patients who underwent craniosynostosis 
over an 18-year period and found only 37 (4%) cases of 
nonsyndromic multisutural craniosynostosis [4]. In this 
study, M+S suture synostosis (10 of 37), followed by 
2L+S suture synostosis (7 of 37) were most commonly 
found [4]. In another study, S+L synostosis was found to 
be the most commonly observed form of nonsyndromic 
craniosynostosis (6 in 20 cases of nonsyndromic 
multisutural craniosynostosis) [6]. The simultaneous 
involvement of the S+M+2C sutures is exceedingly rare. 
Czerwinski et al. reported only three cases, while Boulet 
et al. identified only one case in their craniosynostosis 
series [4, 5].

This rare case of multiple suture synostosis is 
particular in terms of the characteristic head shape. This 
is basically the contrary of the shape that occurs in case 
of Mercedes-Benz pattern craniosynostosis in which the 
fusion of S+2L sutures led to a turricephaly in association 
with scaphocephaly. The main cranial characteristic 
feature of Mercedes-Benz pattern craniosynostosis is 
a frontal bossing associated with a posterior parietal 
flattening (S+2L: anterior oxycephaly with posterior 
flattening: “Mercedes-Benz pattern”) [1, 10, 11]. It 
is important to note that the M suture is naturally a 
continuum of the S suture beyond the anterior fontanel 
[12] . Therefore in our presented case, as a contrary of 
Mercedes-Benz pattern, the flattening was frontal and a 
relative backward prominence of that head shape as the 
result of S and M synostosis with closed 2C sutures [4-5] 
(S+M+2C: posterior oxycephaly with anterior flattening: 
“Scapho-trigo-brachicephaly").

Conclusion:
We herein report a rare case of nonsyndromic, 

multisutural cranisynostosis involving the S+M+2C 
sutures, scapho-trigo-brachicephaly; and a characteristic 

flattening of the forehead, as a contrary of Mercedes-
Benz pattern craniosynostosis.
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