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Traumatic spinal injuries (TSIs) are a leading cause of disability and represent
a significant socio-economic burden. Despite advancements in diagnostic and
surgical techniques, treatment outcomes remain inconsistent. Standardized
protocols often fail to account for individual patient characteristics, which
can reduce the effectiveness of interventions and increase the risk of
complications. This highlights the growing relevance of adopting individualized
approaches in the treatment of TSIs.

Objective: To comprehensively analyze the economic, legal, clinical, and
deontological aspects of implementing individualized approaches to the
treatment of TSIs.

Materials and methods: An analytical literature review was conducted in
accordance with the PRISMA protocol. Sources were selected from international
scientific databases over the past 10 years using relevant MeSH terms.

Results: The literature review revealed that, despite technological advances,
treatment outcomes in TSIs do not always improve proportionally with
increased healthcare spending, illustrating the phenomenon of diminishing
returns. The use of the QALY metric in several countries enables the
evaluation of the cost-effectiveness of medical interventions; however, it
has ethical limitations and is not yet implemented in Ukraine. The domestic
Health Technology Assessment (HTA) system, introduced in 2020, does not
currently include mandatory protocols for managing TSIs due to clinical
heterogeneity, resource constraints, and legal risks. Standardized, diagnosis-
driven protocols focused on the “average patient” often disregard individual
variability, potentially leading to both overtreatment and undertreatment.
Simplified injury classification systems enhance standardization but may
reduce clinical decision-making accuracy in atypical cases. Furthermore,
limited public understanding of evidence-based medicine contributes to ethical
and communicative challenges. These findings underscore the importance of
individualized approaches in TSI management.

Conclusions: Individualization of TSI treatment represents a logical extension
of evidence-based medicine and promotes optimization of outcomes. It
allows for flexible, patient-specific therapeutic strategies, improves the
efficiency of healthcare resource utilization, and reduces complication rates.
The ongoing development of analytical tools offers promising prospects for
constructing personalized algorithms for managing highly heterogeneous
patient populations.

Keywords: traumatic spinal injuries; personalized approach; diagnosis-
oriented strategy; clinical and economic effectiveness,; prospects for healthcare
development

Introduction

population, lifestyle changes, dietary preferences, and

Traumatic spinal injuries (TSIs) represent one of
the most pressing issues in modern traumatology and
neurosurgery. Each year, a significant number of cases
involving damage to the osteoligamentous structures
of the spine are recorded globally. These injuries are
commonly associated with road traffic accidents, falls
from heights, industrial and sports injuries, among other
causes [1]. The proportion of osteoporotic fractures
in elderly patients within the structure of TSIs is
increasing, which is attributed to the general aging of the

Copyright © 2025 Oleksii S. Nekhlopochyn

the growing prevalence of osteoporosis [2]. According
to the Global Burden of Disease estimates (Institute for
Health Metrics and Evaluation, University of Washington,
Seattle, USA), the global incidence of TSIs in 2021 was
approximately 7.50 million (95% confidence interval
[CI]: 5.83-9.74 million), while the prevalence—defined
as the presence of clinically significant consequences
of previously sustained TSIs—reached 5.37 million
cases (95% CI: 4.70-6.20 million) [3]. TSIs are often
accompanied by acute symptoms such as severe
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pain, marked limitation of mobility, and may require
emergency medical care, including surgical intervention
[4]. Their consequences often manifest in the long
term. Neurological deficits, frequently observed due to
spinal cord or nerve root injury, can result in persistent
disability and significantly impaired quality of life [5].
This, in turn, limits daily activity, work capacity, and
self-care abilities, and may lead to social isolation. Long-
term consequences of spinal injuries impose a substantial
socioeconomic burden on healthcare systems due to
the need for prolonged treatment, rehabilitation, social
reintegration, and continuous support. Additionally,
they increase expenditures related to disability and
reduce overall population productivity [6]. In 2021,
the estimated number of patients suffering from the
effects of traumatic cervical spinal cord injury was
approximately 7.42 million (95% CI: 6.74-8.35 million),
with an annual incidence of around 0.31 million (95%
CI: 0.22-0.46 million). Thoracolumbar injuries are even
more prevalent, with an estimated 7.98 million (95% CI:
7.15-9.16 million) individuals presenting with persistent
symptoms and approximately 0.27 million (95% CI:
0.18-0.39 million) new cases annually [3]. These figures
highlight the urgent need for a comprehensive approach
to injury prevention, rehabilitation of patients with TSIs,
and optimization of surgical treatment strategies aimed
at achieving adequate spinal stabilization, restoration
of neurological function, and reduction of rehabilitation
duration.

In recent decades, significant progress has been
made in the diagnostic techniques for TSIs [7]. Modern
technologies such as multislice computed tomography
[8,9], magnetic resonance imaging [10, 11], and high-
resolution ultrasonography [12, 13] provide detailed
visualization of damaged structures and allow evaluation
of surrounding tissues. These tools enhance diagnostic
precision, enabling assessment of spinal segment
stability, spinal cord compression, and soft tissue injury
severity.

Furthermore, the implementation of advanced
anesthesiology practices—such as multimodal
anesthesia and regional analgesia techniques—has
significantly reduced perioperative complications and
improved surgical tolerability, even in patients with
severe comorbidities [14, 15]. Advances in surgical
methods, particularly minimally invasive techniques,
endoscopic approaches, robotic systems, and real-time
navigation, have markedly improved surgical accuracy,
reduced operative time, and shortened the recovery
period [16, 17].

The expanding range of available treatment options
and a growing emphasis not only on clinical effectiveness
but also on the economic feasibility of each method
are key trends shaping contemporary healthcare.
Nevertheless, numerous issues accompanying these
developments remain debatable and/or insufficiently
explored.

The aim of this review is to comprehensively
evaluate the prospects of implementing an individualized
approach to the treatment of traumatic spinal injuries—

Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

one of the most socially significant categories of
musculoskeletal disorders. The review explores
economic, legal, medical, and deontological aspects
associated with integrating individualization strategies
into the existing diagnostically oriented paradigm.

Materials and methods

This analytical review was conducted following
the PRISMA protocol (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses), which ensured
transparency, systematicity, and objectivity throughout
the search and selection process. The literature search
was carried out using international scientometric
databases including PubMed, Scopus, Web of Science,
and Google Scholar. The key inclusion criteria were:
relevance to individualized approaches in the treatment
of spinal trauma, the presence of economic, legal,
medical, or deontological aspects, and a publication
date within the last 10 years. The main keywords (MeSH
terms) used during the search included: "Spinal Injuries",
"Spinal Fractures", "Precision Medicine", "Individualized
Medicine", "Treatment Outcome", "Cost-Benefit Analysis",
"Health Economics", "Clinical Effectiveness", "Ethics,
Medical", "Jurisprudence", "Diagnostic Techniques and
Procedures", "Evidence-Based Medicine".

A stepwise screening process was applied, initially
based on titles and abstracts, followed by full-
text evaluation. In addition, reference lists of the
selected articles were reviewed to identify further
relevant sources. The final analytical review included
original research articles, systematic reviews, clinical
guidelines, and methodological materials that met the
aforementioned criteria.

The results of the analysis were structured according
to the thematic sections of the review.

Results

The Economic threshold of excellence

Despite significant advances, the outcomes of TSI
remain equivocal [18]. In certain cases, the introduction
of novel technologies and treatment methods results
in only marginal improvements in long-term clinical
outcomes, whereas the associated healthcare costs
continue to rise steadily. This leads to the attainment of
a certain threshold, beyond which further technological
advancements yield diminishing clinical benefits
while requiring increasingly substantial financial and
resource investments [19]. This phenomenon, known
as diminishing returns, indicates that the effectiveness
of treatment does not increase indefinitely with the
sophistication and expense of technology. On the
contrary, additional investments in high-end solutions
may offer only minimal clinical advantages, which often
do not justify the resources and efforts expended
[20-22]. In spinal surgery, this phenomenon is already
clearly observable. While modern approaches help
reduce intraoperative risks and shorten postoperative
recovery periods, their impact on long-term outcomes—
such as functional recovery, disability reduction, or
improvements in patient quality of life—diminishes with
each successive technological enhancement [19]. This
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raises not only medical but also economic concerns
regarding the rationale for employing highly complex
and expensive technologies in cases where more
accessible methods may yield comparable results.
As such, it is essential to reconsider priorities and
emphasize strategies that ensure an optimal balance
between cost and clinical benefit. One promising solution
is the implementation of a personalized approach,
enabling targeted use of advanced technologies
where they provide the greatest benefit. Furthermore,
developing predictive methodologies to assess in
advance the effectiveness of costly interventions for
individual patients may help improve decision-making
efficiency [23].

A practical manifestation of efforts to regulate
the effect of diminishing returns is the application
of the Quality-Adjusted Life Year (QALY) metric in
several countries. QALY incorporates two primary
components: the number of additional years a patient
may gain from treatment and the projected quality of
those years, expressed on a scale from 0 to 1—where
1 represents perfect health and 0 equates to a health
state comparable to death [24]. The core purpose of
QALY is to quantitatively evaluate the potential benefit
of a given medical intervention or therapy. For example,
if a treatment adds one year of life in perfect health, it
results in a gain of 1.0 QALY; if it prolongs life by four
years in a condition rated at 0.5, the total benefit would
amount to 2.0 QALYs.

Utilization of the QALY metric supports evidence-
based decision-making under limited healthcare budgets,
particularly when assessing the appropriateness of
expensive technologies, pharmaceuticals, or surgical
procedures [25]. In countries with well-developed
healthcare systems, there are established thresholds
for the cost per QALY. For instance, in the United
Kingdom, the National Institute for Health and Care
Excellence (NICE) has set the threshold at £30,000
per 1.0 QALY [26, 27]. If the cost of treatment exceeds
a certain threshold, it may be deemed economically
unjustifiable, even when it offers clear clinical benefits.
The use of QALY is associated with several ethical and
methodological challenges. For instance, patients
with chronic illnesses or disabilities typically have
a lower baseline health status assessment, which
inevitably results in lower QALY estimates, effectively
introducing a discriminatory factor. This raises concerns
about the fairness of applying QALY in resource
allocation decisions, especially in cases involving the
preservation of life in patients with initially low quality
of life. Furthermore, the QALY methodology can lead
to situations where expensive interventions with
marginal QALY gains are rejected in favor of more cost-
effective measures that produce greater impact at the
population level [28]. This creates significant challenges
in decision-making for the treatment of orphan or
severe diseases, where the cost per 1.0 QALY may be
extraordinarily high due to the rarity or complexity of
the condition [29].

Even in the most developed countries, QALY has
limited applicability in the context of injuries in general,
and TSI in particular. This is due to inherent conflicts
involving both medical and legal considerations, primarily
rooted in the need to balance limited healthcare

resources with the patient’s right to receive necessary
medical care [30, 31].

In Ukraine, the QALY criterion has not yet been
adopted. However, in 2020, the country officially
introduced the Health Technology Assessment (HTA)
mechanism—a systematic process for evaluating the
clinical effectiveness, safety, economic feasibility,
and social impact of medical interventions. The
assessment is conducted by the State Expert Center
of the Ministry of Health of Ukraine, as regulated by
Resolution No. 1300 of December 23, 2020, “On the
Approval of the procedure for the state assessment
of health technologies” [32]. Nevertheless, neither in
Ukraine nor globally have mandatory algorithms or
protocols been developed for providing medical care to
patients with TSIs, existing guidelines remain merely
recommendatory in nature [33, 34].

Problems of standards and protocols

Mandatory recommendations for the treatment of
specific diseases, especially those as resource-intensive
as TSI, appear particularly promising for institutions that
fund healthcare services—such as insurance companies
or governmental health authorities. This approach
could promote a more rational allocation of financial
and medical resources, facilitate monitoring of their
utilization, prevent potential overspending, and ensure
effective planning. A commonly cited argument in favor
of implementing such guidelines is the improvement of
care quality and treatment outcomes through reduced
variability in clinical decision-making [4].

However, mandatory treatment protocols for TSI are
currently lacking due to several key factors. Firstly, these
injuries represent an extremely heterogeneous group of
clinical conditions, including varying degrees of spinal
instability, neurological deficits, soft tissue injuries, and
concomitant trauma. Capturing all such variables within
a single, universally applicable protocol is inherently
challenging [35]. Secondly, despite the traditional
diagnosis-driven approach in modern medicine, thereis a
gradual shift toward individualized treatment strategies,
wherein decisions are tailored to patient-specific factors
such as age, bone quality, overall health status, and
trauma characteristics. Universal mandatory protocols
risk limiting the flexibility required in complex or atypical
cases. Moreover, ethical and legal concerns are also
relevant [36].

Pronounced and inevitable disparities in resource
availability across regions within the same healthcare
system complicate the development of standardized
protocols. These include significant differences in staff
qualifications, access to advanced technologies, and
institutional capacity. For instance, high-cost, high-
resolution diagnostic equipment that may be available in
major referral centers is often inaccessible in peripheral
facilities, rendering certain mandatory recommendations
unfeasible in practice [37].

Mandatory protocols carry the risk of shifting
liability onto individual healthcare providers in situations
where strict adherence to such guidelines results in
complications or suboptimal outcomes [38]. In practice,
the legal implications of this vary. Physicians may be
accused of failing to address individual patient needs,
even when strictly following the guidelines, particularly
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in cases where the intervention proves ineffective or
leads to adverse effects, and the harmed party can
demonstrate that such outcomes were foreseeable. This
places healthcare professionals in a dilemma: whether
to adhere rigidly to protocols or to deviate in favor of
personalized care—potentially violating regulations [39].

At the level of protocol developers, responsibility
may fall on the institutions or experts involved in drafting
the guidelines, especially if the recommendations fail to
consider rare or atypical clinical scenarios. Outdated or
flawed protocols may carry reputational risks.

At the health system level, governmental or
regulatory authorities that mandate such protocols may
face criticism for insufficient due diligence, particularly
if the guidelines fail to reflect local conditions or are
inadequately adapted to clinical realities [40]. In such
cases, the greatest burden of negative consequences
tends to fall on the implementation tier—namely, the
individual clinician providing direct care. This asymmetry
of liability, as demonstrated by global practice, is often
a key reason why the medical community resists over-
standardization, especially when decision-makers are
not subject to clearly defined legal repercussions for
adverse outcomes [41-43].

Diagnosis-oriented and individualized

strategy

When considering the concept of individualization
in the context of the overall evolution of medicine,
and TSI in particular, it is important to note that its
gradual implementation reflects a shift from universal,
standardized treatment protocols toward more flexible,
targeted approaches that account for individual patient
characteristics [44]. Historically, medicine has evolved
from general empirical methods to evidence-based,
diagnosis-oriented strategies, and subsequently to
personalized solutions [45]. In the field of vertebrology,
especially in the management of TSI, individualization
comes to the forefront, as anatomical, physiological,
and psychosocial differences between patients can
significantly affect the choice of optimal treatment
tactics [46].

The traditional diagnosis-oriented strategy in
the surgical treatment of TSI is based on unified
classification principles derived from widely accepted
systems such as the AO Spine classification, and
the TLICS (Thoracolumbar Injury Classification and
Severity Score) and SLIC (Subaxial Cervical Spine
Injury Classification) scales for thoracolumbar and
subaxial cervical injuries, respectively. This approach
involves standardized protocols for diagnosis, timing,
surgical technique, and the extent of intervention
[47-49]. Based on the assessment of anatomical
localization, injury characteristics, degree of instability,
and presence of neurological deficits, the diagnosis-
oriented strategy enables surgeons to select optimal
implants and fixation methods according to a formally
defined injury type. This unification, shaped by years of
clinical experience, provides a convenient framework
for decision-making in typical cases, facilitates outcome
prediction, and promotes adherence to widely accepted
standards of care [50]. However, this approach targets
the "average" patient and does not always adequately
account for anatomical, physiological, and psychosocial
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Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

differences that may substantially influence treatment
outcomes. Consequently, in some cases, this may lead
to insufficient or excessive surgical intervention, thereby
reducing the quality of results and increasing the risk
of complications [4]. A mechanism that can partially
mitigate these negative effects is the pre-defined
variability and adaptability of protocols. Nevertheless,
both TSI treatment recommendations and most
clinical guidelines lack clearly delineated boundaries
for acceptable deviations from the recommended
strategy. In cases involving pronounced patient-specific
characteristics or injuries that deviate significantly from
the "average", it becomes difficult to determine precisely
where acceptable protocol adaptation ends and protocol
violation begins—creating additional uncertainty and
risks in clinical decision-making [51].

However, the diagnosis-oriented strategy, which
aims to precisely define the nosological form of a disease
and relies on systematized clinical and diagnostic
criteria, has significantly simplified and standardized
the selection of optimal treatment tactics, while
simultaneously increasing the predictability of outcomes
in typical clinical scenarios. The use of evidence-based
medicine principles has made it possible to scientifically
substantiate this approach and achieve broad recognition
[52]. Through the systematic evaluation of clinical
research data and the application of statistical
methods, evidence-based medicine has provided the
necessary methodological foundation to compare the
efficacy and safety of different treatment algorithms,
thereby supporting the validity of a diagnosis-oriented
approach not only at the level of expert opinion but also
through objective and reproducible results. Overall,
a diagnosis-oriented strategy supplemented by an
evidence base enables physicians to make informed
decisions, better understand disease pathogenesis,
tailor treatment to individual patient characteristics, and
improve the quality of medical care. The accumulation
and systematization of numerous research findings,
which form the foundation of evidence-based medicine,
underscore the relevance of the so-called "average
patient" problem [53]. This issue arises from the fact
that the results obtained from studying large groups
of individuals reflect averaged indicators of treatment
efficacy and safety, thus masking individual differences
among study participants. Because clinical trials and
statistical analyses are primarily focused on the "mean"
value within a sample, real patients—with their unique
combinations of genetic traits, comorbidities, age,
lifestyle, and treatment responses—may fall outside the
scope of the "typical" scenario [54]. Such variability may
lead to a significant dispersion of treatment outcomes
even when the same therapeutic method is applied
[55]. Beyond the medical aspect, the "average patient"
problem has considerable economic implications. Within
a single classification category that prescribes uniform
therapy (whether pharmacological or surgical), a
subset of patients will inevitably receive overtreatment
(including diagnostics, rehabilitation, recommended
disability durations, etc.), while for another subset,
the same method will be insufficiently aggressive or
effective. As a result, the total cost of treatment may
increase, the efficiency of healthcare resource utilization
may decline, and the socio-economic burden on both
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patients and the healthcare system as a whole may
rise [56,57].

The described phenomenon can be illustrated using
spinal trauma as an example. Let us assume a cohort of
patients with AO Spine type A4 thoracolumbar injuries
is selected for analysis. These patients have confirmed
posterior ligamentous complex injuries without significant
neurological deficits or severe spinal canal compression
by bone fragments (5 points according to the TLICS
scale). For most such cases, the optimal treatment
strategy is transpedicular stabilization. However, within
this cohort, patients may differ significantly in terms of
sex, age, body mass index, lifestyle, anatomical level
of the injury, degree of vertebral body fragmentation,
bone mineral density, presence of comorbidities, and
other factors. All of these parameters are dynamically
interrelated and collectively determine an individual’s
conditional "severity" of disease, which, however, is not
considered in the AO Spine classification system. If we
plot this conditional severity of disease along the X-axis
within a single classification category, and the number
of patients along the Y-axis, we obtain a Gaussian
curve, representing a normal distribution. This follows
from the Central Limit Theorem, which states that if
a variable is formed as a sum of many independent
or weakly dependent random factors, the resulting
distribution tends toward normality [58]. The peak of
this curve corresponds to the "average patient" for whom
transpedicular stabilization presents the optimal balance
of risks and benefits (Fig. 1A). Patients within the central
range of the distribution receive the most appropriate
level of care, offering the best benefit-risk ratio.

However, in real-world clinical practice, individual
patient characteristics often diverge significantly from
the conditional "average." As we move away from the
center of the Gaussian curve in either direction, we
encounter scenarios that are not fully accounted for
by standard protocols. Patients in the "right tail" of
the distribution may find that the universal protocol is
insufficiently effective or surgically aggressive, leading to
underestimation of disease severity and, consequently,
inadequate treatment. An example would be the use
of short-segment fixation for TSI at the thoracolumbar
junction, which often results in construct failure and
pseudarthrosis [59]. Conversely, patients in the "left
tail" may receive overtreatment. For instance, successful
conservative management of type A4 fractures has
been documented in specific patient populations.
Clearly, performing surgery when it could be avoided
not only increases the risk of complications but is also
economically unjustified [60]. It is logical that, further
along the abscissa axis to the right, another cohort of
A4 fracture patients—those whose disease severity is
explicitly accounted for in clinical protocols, such as
those with neurological deficits—requires a different
therapeutic approach, namely decompression combined
with stabilization.

Two strategies can be employed to reduce episodes
of overtreatment in patients with TSI. The first involves
"shifting " the entire distribution curve toward less
aggressive interventions. This approach entails revising
standardized protocols to adopt more conservative or
minimally invasive procedures as the default. Such a
shift reduces surgical complications and the economic

burden of unnecessary operations [61]. However, this
carries the risk of undertreatment for patients whose
conditions significantly exceed the "average" severity
(right "tail " of the curve), resulting in increased likelihood
of reoperations, exacerbations, construct failures, and
prolonged rehabilitation (Fig. 1B). As a result, this group
is more likely to experience repeated interventions,
exacerbations, inability to stabilise, fragmentation of
structures, and a prolonged rehabilitation period. In
addition, the existence of a statistically established
"average patient" complicates the idea of "shifting" the
curve, since the entire logic of standardised protocols is
most often built around this averaged model [62]. The
"center" of the distribution is not merely an abstract
point on a curve but the outcome of large-scale data
analysis that underpins existing classifications, clinical
guidelines, and treatment algorithms. Any shift would
necessitate redefining the criteria that determine what
constitutes a "typical" case and "standard" therapy [63].

The second approach involves "narrowing" the curve
by applying stricter inclusion criteria and additional
patient stratification. In this case, individuals whose
specific characteristics (e.g., risk factors or presence
of multifactorial comorbidities) do not align with the
"typical" representative of the target category are
excluded from the general cohort. This results in a
more homogeneous group for which a standardized
protocol is genuinely effective. At the same time, this
approach reduces the risk of unjustifiably aggressive
therapy in "mild" cases, since patients with extremely
unfavorable or highly favorable clinical profiles are
excluded from the standard protocol and either referred
to specialized centers or offered alternative treatment
regimens. However, such stringent filtering narrows the
scope of the protocol, complicates patient routing, and
may lead to the exclusion of individuals who formally
meet the criteria but in reality require a different level
of care. Furthermore, reliable verification of clinical
status demands more comprehensive diagnostics, which
increases both time and resource expenditures [64].

Thus, "shifting" the curve toward less invasive
methods reduces the number of cases in which patients
are exposed to unnecessarily aggressive interventions,
but increases the risk of insufficient consideration of
individual factors in severely ill patients. Conversely,
"narrowing" the curve enhances the precision and
effectiveness of standard protocols for a narrowly
defined subgroup, but significantly increases the risk
of excluding patients who could have benefited from
the protocol, while also complicating diagnostic and
stratification processes.

Therefore, a standard protocol designed for the
"average patient" indeed delivers the most effective
outcomes for the majority of the population. Nevertheless,
as the diversity of clinical conditions increases, the
efficacy of such a protocol predictably diminishes—
especially at the "margins" of the distribution. The
very methodology underlying the development of
clinical practice guidelines implies that achieving 100%
treatment effectiveness for all patients is fundamentally
impossible, regardless of the expertise of healthcare
professionals, the quality of medical infrastructure, or
the resources invested in the diagnostic and therapeutic
process. Such a "universal" approach inevitably leaves a
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Fig. 1. Visual representation of the "average patient" problem

subset of patients with suboptimal treatment outcomes,
as their individual characteristics fall outside the
capabilities of an averaged clinical algorithm [65].

The Problem of classifications

Despite advances in diagnostic methods that provide
ample opportunities for detailed characterization and
assessment of injury severity, recent decades have
seen a trend toward simplification of spinal trauma
classification systems in vertebrology. This tendency
contradicts the logic of the aforementioned arguments.
The accumulation of data on the biomechanics and
morphology of traumatic injuries through imaging
technologies throughout the 20th century led to the
evolution of TSI grading schemes. Most researchers
aimed to enhance detail and precision in describing the
anatomical and biomechanical features of injuries to
facilitate optimal treatment strategies. Examples of such
classification systems include those proposed by F. Magerl
et al. for the thoracolumbar spine (1994) and by B. L.
Allen et al. for the subaxial cervical spine (1982) [66,67].
Some authors developed classification categories not
based on empirically documented and described injury
types, but rather on hypothetical ones predicted by
presumed mechanisms of trauma [68]. A pivotal historical
shift in the conceptualization of TSI classification
occurred with the attempt to unify all existing systems
of musculoskeletal injury classification, initiated by the
Association for the Study of Internal Fixation/Orthopaedic
Trauma Association (AO/OTA). This initiative culminated
in the development and global implementation of the
AO/OTA Fracture and Dislocation Classification, a system
based on a unified structural principle [69]. Within this
framework, each anatomical region is assigned a code—
“51” for the cervical spine, “52" for the thoracic spine,
“53” for the lumbar spine, and “54” for the sacrum.
Each region encompasses three primary injury types:
Type A (injuries involving only bony structures), Type B
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(combined injuries of bone and ligamentous structures),
and Type C (predominantly ligamentous injuries, possibly
with bony involvement and displacement). Each type
is further subdivided into subtypes (usually humbered
from 1 to 3, or more), reflecting increasing severity.
In addition, TSI classifications incorporate modifiers
assessing neurological deficits, involvement of facet
joints, and other pathological processes, allowing for
more precise injury characterization [70]. The widely
adopted AO Spine Subaxial Cervical Spine Classification
System and the AO Spine Thoracolumbar Spine
Classification System are in fact segments of this global
classification framework [47, 71].

One of the primary reasons for modifying the
concept of classifying traumatic injuries was the pursuit
of greater reproducibility and standardization. It is well
established that complex, multi-level schemes often
led to low inter-rater agreement—different specialists,
using the same classification system, could arrive at
different diagnoses and propose divergent treatment
strategies. In contrast, simplified systems based
on a few key factors (such as stability, neurological
status, and the condition of the ligamentous and
bony structures) offer improved reproducibility and
predictability of outcomes [72, 73].

In the context of evidence-based medicine, simplified
classifications are also more appropriate. Firstly, they
allow for the formation of large homogeneous patient
samples and facilitate the objective evaluation of
the effectiveness of specific treatment approaches.
Secondly, the results of multicenter studies and meta-
analyses that rely on such standardized classifications
are easier to compare across various institutions and
regions, thereby ensuring a higher level of evidentiary
strength. The simplicity and standardization of criteria
enable the development of clinical guidelines that can
subsequently serve as the foundation for protocols and
manuals aligned with evidence-based principles [74].
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It is assumed that excessive detail complicates
rapid decision-making and often fails to offer significant
advantages in treatment selection, particularly when
a swift and standardized approach is required [75].
Therefore, the current trend in TSI grading is oriented
toward a tactics-driven approach, with a notable shift in
emphasis toward practicality over precision [76].

Nonetheless, in the broader context of evidence-
based medicine and scientific research, simplified
assessment systems have limitations, as they may
obscure critical parameters that influence treatment
outcomes [77]. For example, in a previously analyzed
cohort of patients with B2 spinal trauma (type A4
vertebral body injuries) and a TLICS score of 5, one can
evaluate the efficacy of a specific treatment modality,
such as transpedicular fixation, using a set of defined
criteria. However, comparing the effectiveness of
different approaches based solely on these parameters
is challenging, and selecting the optimal treatment for
an individual patient becomes even more difficult [54].
Thus, while a simplified scoring system or classification
(albeit convenient for rapid diagnostics and statistical
analysis) does not provide a comprehensive answer to
the question of which treatment method would be most
effective for a given patient [78].

Optimizing treatment within the framework of
evidence-based medicine requires that standardized
protocols—although useful in generalized form—be
complemented by personalized criteria. This would
establish a more reliable foundation for comparing
various methods (e.g., transpedicular fixation, combined
surgical intervention, or conservative management) and
facilitate the selection of an approach most beneficial
to the patient [79].

Deontological challenges

The issue of the "average patient" remains a
key factor influencing the unconditional acceptance
of results from high-evidence-level studies [80].
Although this issue has accompanied evidence-based
medicine throughout its historical development, it
remains insufficiently recognized both among medical
professionals and the general public, leading to not
only medical but also deontological challenges [81, 82].
Modern patients often possess broad yet superficial
knowledge about available treatment options. With the
advancement of the internet and digital technologies,
information on medical procedures has become readily
accessible to a wide audience. Patients can quickly find
details about various diseases, diagnostic methods,
and treatments, thereby expanding their general
awareness [83]. However, not all available information
is of high quality or scientifically validated [83]. Many
sources provide incomplete, outdated, erroneous, or
deliberately distorted data, which results in a superficial
understanding of complex medical concepts [84].
Furthermore, even when high-quality information is
available, patients often face difficulties interpreting
it due to a lack of specialized knowledge. This almost
invariably leads to misinterpretation of medical
recommendations or suboptimal treatment choices
when such a choice is permitted. A further challenge
in today’s society is the active promotion of certain

medical methods and pharmaceutical products through
marketing campaigns and social media, which distorts
public perceptions of their effectiveness and safety.
Patients may be influenced by misleading reviews and
promotional promises, further complicating informed
decision-making about their care [85,86]. Moreover, the
popularity of evidence-based medicine as a trend, and
the perception of its standards as absolute dogma, often
leads to situations where deviations from established
protocols are viewed by patients or their relatives
as signs of professional incompetence, rather than
as attempts to adapt treatment to individual patient
characteristics and the capabilities of the healthcare
facility [87]. Similar situations arise during expert
evaluations of medical staff actions, where certain
flexibility in clinical approaches may be perceived as a
lack of professionalism or an absence of a clear treatment
strategy for a given nosological unit, despite the clinical
rationale behind such decisions [88].

Discussion

The concept of individualization is embedded within
the very foundation of evidence-based medicine. One of
its pioneers, Archie Cochrane, emphasized that evidence
is only useful insofar as it can guide the treatment of
individual patients [89,90]. His work highlighted the
need to differentiate between approaches aimed at
populations as a whole and those designed for individual
medical care. The former, according to Cochrane, should
serve primarily as the basis for developing general
recommendations or clinical protocols [91]. As a potential
solution, he proposed the use of subgroup analysis in
clinical research to determine how treatments affect
different patient categories [92].

The exponential growth in computational power
over recent decades, the development of new statistical
analysis techniques, and the adoption of previously
known but computationally intensive methods—such as
Bayesian approaches—have enabled a fundamentally
new level of patient-specific treatment adaptation. This
transition marks a shift from the physician's subjective
judgment in a given clinical situation to mathematically
and statistically grounded decision-making [93, 94].

A review of the literature has identified several
methodologies most commonly applied in the context
of personalized treatment strategies:

. regression analysis methods - used for
modeling and predicting relationships between variables.
This category includes linear regression, logistic
regression, multilevel (hierarchical) regression, and
Poisson regression [95, 96];

. survival analysis methods - focused on time-
to-event data, including Kaplan-Meier curves, Cox
proportional hazards models, and competing risks
models [97, 98];

. machine learning and artificial intelligence
methods - employed to process large datasets and
uncover complex nonlinear patterns. Key techniques
include decision trees, random forests, gradient
boosting, neural networks, and deep learning
algorithms [99, 100];

. bayesian methods - based on Bayes' theorem
for updating probabilities as new data becomes available.
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Examples include Bayesian networks, naive Bayes
classifiers, and Markov chain Monte Carlo (MCMC)
simulations [101, 102];

e cluster analysis methods - used to group
patients based on similar characteristics without
prior labeling. Common approaches include K-means
clustering, hierarchical clustering, and DBSCAN
(Density-Based Spatial Clustering of Applications with
Noise) [103, 104];

e feature selection methods - assist in identifying
the most informative variables for model building,
thereby reducing data dimensionality and preventing
overfitting. These include stepwise regression, LASSO
and Ridge regression, and feature importance-based
techniques [105].

While this list is by no means exhaustive, it
demonstrates the wide and diverse range of data analysis
methods available for identifying the most informative
predictors and their interactions. The appropriate
selection and application of such methods allow for the
development of effective, individualized treatment plans.

The findings presented in this review highlight
specific aspects of the rationale for developing
individualized approaches to treating a heterogeneous
condition such as TSI. It is emphasized that protocols
and standards based on the principles of evidence-based
medicine should not be seen as rigid doctrines but
rather as frameworks that define the general direction
of therapy, within which individualized treatment
plans are to be developed. The relevance of such
an approach is underscored by the growing body of
research demonstrating the effectiveness of advanced
models—particularly those using neural networks—not
only for diagnostic purposes but also for optimizing
therapeutic decision-making. Individualization provides
clear advantages not only in medical terms but also in
economic contexts, by contributing to reduced treatment
costs and more efficient use of healthcare resources—
thus addressing one of the pressing challenges of modern
healthcare systems.

Conclusions

An individualized approach to the treatment of TSI
represents a significant advancement in contemporary
medical practice. The preconditions discussed highlight
the necessity of shifting from standardized therapeutic
methods toward more flexible and tailored strategies
that account for the unique characteristics of each
patient. Personalizing TSI treatment not only enhances
the efficacy and safety of both surgical and conservative
interventions but also contributes to the development of
a more resilient and cost-effective healthcare system.
Ongoing advancements in technology and data analysis
methods support the refinement of these approaches,
enabling more precise and patient-centered care. The
relevance of research in this field is driven by the growing
societal demand for effective and economically sound
individualized medical solutions.
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Despite being a region where numerous pathological processes may develop,
the insula remains one of the least studied anatomical structures of the
human brain. The clinical course of insular glioma is accompanied by a severe
morbidity, caused by the proximity of the central core, important projection
and associative pathways, main arteries and large venous collectors. For a
long time, surgery of patients with insular gliomas, which would involve the
total volume tumor removal while ensuring high quality of post-surgery life,
was considered impossible.

Understanding the surgical anatomy of the insula is key to successful
transsylvian-transinsular, transopercular approaches to insular gliomas and
their radical removal.

The article provides a detailed surgical anatomy of the sylvian fissure, the
operculum and the insula.
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Introduction

Insular gliomas (IGs) are the most common internal
tumors that can arise in this region, accounting for
up to 25% of all low-grade gliomas and 10% of all
high-grade gliomas [1, 2]. IGs are typically associated
with pronounced neurological symptoms, including
pharmacoresistant epilepsy, motor and sensory aphasia,
and motor deficits [2]. These tumors are aggressive and
destructive due to their invasive growth patterns and
progressive involvement of deep subcortical structures,
as well as critical associative and projection pathways.

Recently, the anatomy and functional significance
of the insular region have been thoroughly studied and
described, allowing for a reconsideration and refinement
of surgical strategies and resection techniques for IGs
[3].

The insula is a hidden lobe of the cerebral
hemispheres that becomes visible only after dissection
of the Sylvian fissure (SF) and retraction of the opercula
[4, 5]. The opercula, projection and association white
matter tracts, and subcortical nuclei surrounding the
insula are functionally significant, particularly in the
dominant hemisphere. Additional limitations to the
surgical access of IGs are associated with the complex
branching patterns of the venous system within the

Sylvian fissure, as well as with the individual topography
of the middle cerebral artery (MCA) and the course of
its branches deep within the lateral sulcus [6, 7]. All
these factors make the surgical management of IGs an
extremely challenging task, even in the era of advanced
diagnostic and intraoperative technologies.

Surgical anatomy of the Sylvian fissure

The insula (according to anatomical nomenclature
A14.1.09.149 [8, 9]) is a triangular protrusion of cerebral
tissue located in the depth of the SF. It is bounded by the
circular sulcus of the insula. The surface of the insula is
divided by sulci into short and long gyri. The portions
of the frontal, parietal, and temporal lobes that cover
the insula are referred to as the operculum. The Sylvian
fissure of the brain is a deep groove on the lateral convex
surface of the brain, extending from the crest of the
sphenoid bone to the supramarginal gyrus. It separates
the lateral cerebral surface into the frontal and parietal
lobes above, and the temporal lobe below.

The SF is conventionally divided into anterior and
posterior segments (Fig. 1). The anterior segment
begins at the anterior clinoid process, extends laterally
and posteriorly along the lesser wing of the sphenoid
bone (sphenoidal segment), and ends at the level of
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the pars opercularis of the frontal lobe. In the frontal
operculum, the Sylvian fissure gives rise to the anterior
horizontal and anterior ascending rami [10]. The anterior
horizontal ramus divides the frontal operculum into
the pars orbitalis and pars triangularis. The anterior
ascending ramus separates the pars triangularis from
the pars opercularis. The junction point of the anterior
segment of the SF, the anterior horizontal and ascending
rami, and the beginning of the posterior segment is
termed the "Sylvian point". This is the widest part of the
SF and serves as a landmark for initiating SF dissection.
From the "Sylvian point", the apex of the insula is located
12.6 mm inferiorly [5]. The posterior segment of the SF
extends from the "Sylvian point" to the parietal lobe,
where it is surrounded by the supramarginal gyrus. In
its posterior portion, the SF reaches a depth of 25 mm
from the superior edge of the supramarginal gyrus [5].
Within the opercula of the posterior SF there are several
functionally significant brain regions: the cortical area in
the inferior portion of the third frontal gyrus of the left
hemisphere (Broca's area), the premotor and facial motor
zones in the frontal operculum, the primary sensory area
of the face in the parietal operculum, the transverse
temporal gyri (gyri temporales transversi, Heschl’s gyri)
involved in auditory processing, and Wernicke’s area in
the temporal operculum.

Based on meticulous intraoperative observations
of the SF and its cistern, M.G. Yasargil described four
anatomical variations of the SF [12]. The first type is
characterized by a straight and wide SF, the second type
by a straight and narrow SF, while the third and fourth
types are distinguished by the invagination of the frontal
and temporal lobes into the SF, respectively [12]. A widely
used practical classification of the SF among radiologists
was proposed by H.M. Ngando et al., who, taking into
account data from spiral computed tomography, slightly
modified M.G. Yasargil’s classification (Fig. 2) [13].

The Sylvian fissure contains a large subarachnoid
space — the Sylvian fissure cistern (A14.1.01.209), which
extends from the carotid cistern at its medial and deepest
point to the outer SF membrane at the posterolateral
end [11]. The deepest wall of the SF cistern lies in the
sphenoidal segment near the anterior clinoid process.
At this location, the SF cistern and the carotid cistern
are separated by the proximal SF membrane, which
is penetrated by the M, - segment of the MCA. Above
the insular surface, the Sylvian cistern contains three
partitions that divide the subarachnoid space into four
levels [11]. The deepest level includes the medial Sylvian
membrane, which is anchored to the deepest part of
the frontoparietal operculum and the insular surface,
and also contains the M, - segment of the MCA. The
M2 branches continue as M3 branches, penetrating the
medial Sylvian membrane. The M,- segment of the MCA,
en route to the surface of the Sylvian fissure, passes
through another membrane — the intermediate Sylvian
membrane. Lateral to this intermediate membrane lies
the outer Sylvian membrane, on which the superficial
Sylvian veins are located. Branches of the M, - segment
penetrate the outer Sylvian membrane and continue as
the M, - segment of the MCA (cortical branches). The
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superficial Sylvian veins and M4 branches traverse the
outer Sylvian membrane, which is the most superficial
layer, and are covered by the common arachnoid
membrane. The outer arachnoid membrane encloses
all cortical vessels and has a denser and more robust
structure. Thus, the SF contains the M, _ M, segments
of the MCA with their perforating and cortical (M,)
branches, as well as the superficial and deep veins
(Fig. 3) [12].

The SF cistern is unique due to its specific and
variable microanatomy of the arachnoid membrane,
particularly at different depths [2,14]. This necessitates
the use of diverse technical approaches at each stage
of SF dissection. A. Tayebi Meybodi et al. have provided
a detailed description of the arachnoid membrane's
anatomy within the SF and identified six potential
types of arachnoid adhesions (septations) between
arteries (A), veins (V), and brain tissue (B): (1) A-A,
(2) A-B, (3) A-V, (4) B-V, (5) B-B, and (6) V-V [14].
The authors also outlined the typical configurations of
these interrelationships in various compartments of SF
(superficial opercular, deep opercular, and cisternal),
aimed at optimizing surgical maneuvers during sulcus
dissection (see Fig. 3) [15].

Surgical anatomy of the opercula of the

insula

The lobus limbicus consists of structures that form
a complex located centrally within the hemispherium
cerebri. This complex is considered to include the medial
regions of the frontal, parietal, and temporal lobes,
as well as the insula, which lies deep within the fossa
lateralis cerebri.

The portion of the cerebral cortex that covers the
insula laterally forms the operculum or pars opercularis,
and it is composed of adjacent regions of the frontal,
temporal, and parietal lobes.

In our view, the anatomical subdivision of the
opercular compartments proposed by U. Tire et al.
(1999) — into fronto-orbital, fronto-parietal, and
temporal — is appropriate and practical.

It is commonly accepted that the gyri and sulci of
the insular cortex continue into the corresponding gyri
and sulci of the opercular compartments, with the CSI
serving as the boundary between them [16]. In their
seminal work on the surgical anatomy of the insula, U.
Tlre et al. (1999) emphasize that the gyri and sulci of
the insula do not always form a continuous extension
of the opercular structures. However, they note that in
most cases, there is a configuration suggestive of such
continuity. Continuations of the gyri and sulci have been
identified between the anterior insular region and the
frontal lobe, as well as between the posterior insular
region and the parietal and temporal lobes [16].

Fronto-orbital operculum

The posterior orbital gyrus, the posterior segment
of the lateral orbital gyrus, and the orbital portion
of the inferior frontal gyrus form the suprainsular
operculum, which covers the anterior surface of the
insula. The anterior limiting CSI marks the boundary
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between the fronto-orbital operculum and the insula.
The posteromedial orbital region is located at the medial
end of the transverse orbital sulcus and consists of
the posterior segment of the medial orbital gyrus and
the medial portion of the posterior orbital gyrus. This
region continues seamlessly into the transverse short
insular gyrus. The posterolateral orbital region, located
at the lateral end of the transverse orbital sulcus,
comprises the lateral segment of the posterior orbital

Occipital lobe

Sylvian fissure
posterior part

Temporal lobe

Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

gyrus and the posterior segment of the lateral orbital
gyrus. There is no clearly defined boundary between
the lateral orbital gyrus and the orbital part of the
inferior frontal gyrus. Two suborbital gyri (superior and
inferior), located in the medial portion of the fronto-
orbital operculum, overlie the anterior surface of the
insula. These gyri are continuous with the accessory
insular gyrus and the anterior surface of the anterior
short insular gyrus [16].

Rolandic sulcus

Precentral sulcus

o ascending ramus

gularis sulcus

Anterior
horizontal ramus

rontal lobe

Sylvian fissure

anterior part

Fig. 2. Types of the SF: Type I SF - straight and wide or narrow fissure; Type II - wide fissure with invagination
of the frontal or temporal lobe; Type III - invagination of the frontal or temporal lobe with a narrow SF; Type IV
- invagination of both frontal and temporal lobes into the fissure. TB - temporal bone; SF - Sylvian fissure; FL -
frontal lobe; TL - temporal lobe; arrow - invagination of the frontal or temporal lobe [13]
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Fig. 3. A - Visualization of the superficial opercular, deep opercular, and cisternal compartments of the SF;

B - Dissection of the outer arachnoid membrane provides access to the superficial opercular compartment.
The paired superficial Sylvian veins are shown with a dissection plane created between them (V-V membranes
opened). An alternative dissection of the outer arachnoid membrane on the temporal side of the superficial
Sylvian vein (B-V membranes) may be selected depending on the patient's individual anatomy. The outer
membrane of the SF is shown at the depth of the superficial opercular compartment, serving as the boundary
between the superficial and deep opercular compartments; C — The deep opercular compartment with M3
branches running along their respective opercula. The main arachnoid membranes in this compartment are
represented by A-C (between the M3 branches and the opposite operculum) and C-C membranes between
opposite/adjacent opercula; D — Exposure of the cisternal compartment with M2 branches. A-A membranes
between M2 branches are predominant among arachnoid adhesions in this compartment. Dissection of the
A-C membranes between the M2 branches and their corresponding opercula may be required to expand the
dissection toward the circular sulcus of the insula (CSI) [15]

Fronto-parietal operculum

The triangular and opercular parts of the inferior
frontal gyrus, along with the inferior segments of the
precentral and postcentral gyri and the superior portion
of the supramarginal gyrus, form the fronto-parietal
operculum, which overlies the superior surface of the
insula. The posterior portion of this operculum also
includes the temporal operculum, with the two regions
separated by the “retroinsular sulcus” located in the
deep posterior segment of the SF.

The superior CSI demarcates the boundary
between the fronto-parietal operculum and the insula.
The triangular part lies between the horizontal and
ascending rami of the SF. The horizontal ramus of
the SF is a continuation of the superior CSI, while

the ascending ramus continues the anterior CSI. The
intersection of these sulci is identified as the “anterior
insular point”. The medial aspect of the triangular
part is referred to as the “subtriangular gyrus”, which
covers the anterior short insular gyrus and transitions
into it. The orbital and subopercular gyri encircle the
anterior short insular gyrus anteriorly and posteriorly,
respectively. The opercular part of the inferior frontal
gyrus lies between the ascending ramus of the SF and
the inferior precentral sulcus, overlapping with Broca’s
area (Brodmann area 44). The medial surface of this
part is called the subopercular gyrus, which covers the
short insular sulcus, the middle short insular gyrus,
and the posterior portion of the anterior short insular
gyrus. The subprecentral gyrus is located medially to the
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opercular part and the inferior precentral gyrus, covering
the middle short insular gyrus and the precentral insular
sulcus [16].

In 82% of hemispheres, the inferior end of the
Rolandic (central) sulcus does not reach the SF. The
subcentral gyrus occupies the medial region of both the
inferior precentral and postcentral gyri and is delimited
by the anterior, posterior, or subcentral sulci. This gyrus
overlies the central insular sulcus [16].

The inferior postcentral gyrus and the superior part
of the supramarginal gyrus constitute the remaining
portion of the fronto-parietal operculum. The anterior,
middle, and posterior transverse parietal gyri are located
on the medial side of the operculum. The anterior
transverse parietal gyrus covers the postcentral insular
sulcus as well as the superior part of both the anterior
and posterior long insular gyri, which are adjacent to
Heschl’s anterior gyrus of the temporal operculum. The
junction between the anterior transverse parietal gyrus
and Heschl’s anterior gyrus is identified as the “posterior
insular point”. The middle transverse parietal gyrus
overlies the transverse temporal sulcus of the temporal
operculum. The posterior transverse parietal gyrus and
the temporal planum overlap and form the medial wall
of the supramarginal gyrus [17].

Temporal operculum

The superior temporal gyrus, together with
the temporal pole and the inferior portion of the
supramarginal gyrus, forms the temporal operculum,
which covers the inferior surface of the insula and the
anterior perforated substance. The polar plane, anterior
and posterior Heschl’s gyri, as well as the temporal plane,
constitute the medial surface of the temporal operculum
(see Fig. 3). The lateral olfactory stria courses lateral to
the limen insulae, projects medially towards the surface
of the hippocampal uncus, and continues medially into
the semilunar gyrus, and more laterally into the gyrus
ambiens [18]. The entorhinal sulcus separates the uncus
of the hippocampus from the temporal operculum and
the anterior perforated substance [19].

The first lateral branch of the main trunk of the SF
is referred to as the “temporal notch,” which separates
the piriform cortex from the temporal pole. The polar
plane covers the margin and inferior surface of the
insula and borders the inferior CSI, covering two-thirds
of its length. The gyri of the polar plane are known as
the “Schwalbe gyri” [20]. The anterior Heschl’s gyrus is
adjacent to the posterior part of the inferior CSI. The
transverse temporal sulcus separates the anterior and
posterior Heschl’s gyri. The temporal plane forms the
posterior part of the internal surface of the temporal
operculum [17] (Fig. 4).

Surgical anatomy of the insular surface

The insular cortex forms the medial wall of the
Sylvian cistern. The insula is shaped like a pyramid with
a triangular base and a small apex (Fig. 5, A-D). Its
base is oriented medially toward the deep subcortical
structures of the cerebral hemisphere. One of the base
angles is directed inferiorly and corresponds to the
insular pole. The apex, located posterior and lateral
to the pole, represents the highest point of the lateral
surface of the insular cortex. It is positioned laterally,
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anteriorly, and inferiorly, resulting in an eccentric
orientation relative to the base. The apex points toward
the exit of the Sylvian cistern but does not reach the
fissure itself. During a transsylvian approach to the
insula, the apex can be visualized directly through the
anterior Sylvian point — the region of the lateral sulcus
where the triangular part of the inferior frontal gyrus
lies opposite the superior temporal gyrus. At this point,
the Sylvian cistern widens and gives rise to its anterior
ascending, horizontal, and posterior branches [5].

Anatomically, the insula has three distinct surfaces:
anteroinferior, posteroinferior, and lateral. The
anteroinferior surface is the smallest and is concealed
by the fronto-orbital operculum, which consists of the
posterior portion of the posterior orbital gyrus and
the orbital part of the inferior frontal gyrus. On the
anteroinferior surface of the insula — an area traversed
by the middle cerebral artery — a transverse gyrus
(Eberstaller’s gyrus) can be identified. This gyrus
connects the apex of the insula with the orbital part of
the inferior surface of the frontal lobe. It extends to the
posteromedial regions of the frontal lobe, which include
the posterior segment of the medial orbital gyrus and the
medial part of the posterior orbital gyrus that courses
laterally toward the lateral olfactory stria [21].

Occasionally, an accessory insular gyrus may
be visualized above the transverse insular gyrus,
immediately posterior to the inferior portion of the
anterior limiting sulcus. If this accessory gyrus is absent,
the transverse gyrus extends up to the anterior limiting
sulcus (see Fig. 5).

The lateral surface of the insula is the largest and
most anatomically complex, containing numerous
sulci and gyri. Its upper portion is hidden beneath the
frontoparietal operculum (composed of the triangular
and opercular parts of the inferior frontal gyrus, the
precentral gyrus, and the anterior basal portion of
the supramarginal gyrus), while the inferior parts are
covered by the superior temporal gyrus.

The lateral and posteroinferior surfaces of the insula
are surrounded and separated from the frontal, parietal,
and temporal opercula by the CSI [22]. This sulcus is
often referred to as the “limiting sulcus” as it demarcates
the insula along its periphery. Due to the pyramidal
shape of the insula, the sulcus has a triangular rather
than circular configuration. It consists of three segments:
anterior, superior, and inferior. The anterior segment
(anterior CSI) runs obliquely upward and forward
into the pars orbitalis of the frontal operculum. The
superior segment of the limiting sulcus (superior CSI)
runs horizontally beneath the frontoparietal operculum,
extending from the superior end of the anterior segment
along the anterosuperior border of the insula to the
posterior end of the inferior segment. The inferior
segment lies beneath the temporal operculum along the
inferior border of the insula. Of the three segments, the
superior one is the longest, and the anterior one is the
shortest (see Fig. 5).

The cortex of the lateral surface of the insula is
represented by three short gyri located anteriorly, and
the superior portions of the anterior long and posterior
sulci, situated posterior to the short gyri. The short and
long sulci are separated by the central insular sulcus.
The two anterior sulci divide the three short gyri, while
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a single long sulcus separates the two long gyri (see
Fig. 3). The central insular sulcus, being the deepest
among all insular sulci, runs from the limen insulae in a
posterior and superior direction, reaching the superior
CSI. Additionally, the central insular sulcus courses
almost parallel to the central sulcus (Rolandic sulcus)
of the cerebral hemispheres. N. Tanriover et al. (2004)
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note that the central sulcus frequently curves around
the frontoparietal opercular lip and continues into the
central insular sulcus [5]. Overall, the sulci and gyri of
the insula form a radial pattern extending posteriorly
and superiorly from the limen of the insula.

Fig. 4. Image of the left insulo-opercular region with detailed nomenclature [16]. White letters
indicate sulci. Abbreviations: ag — accessory insular gyrus; ahg - anterior Heschl’s gyrus;

aip - anterior insular point; alg — anterior long insular gyrus; aog - anterior orbital gyrus;

aps - anterior CSI; ar — ascending ramus of the Sylvian fissure; as — acoustic sulcus;

ascs - anterior subcentral sulcus; asg - anterior short insular gyrus; atpg - anterior transverse
parietal gyrus; atps — anterior transverse parietal sulcus; cis — central insular sulcus; cs - central
sulcus of Rolando; ds - diagonal sulcus; fol - fronto-orbital lateral branch; fos - fronto-orbital
sulcus; gr - gyrus rectus; gs — Schwalbe's gyrus; hr — horizontal ramus of the inferior frontal
sulcus; ia - insular apex; ips - inferior CSI; li - insular limen; log - lateral orbital gyrus;

los — lateral orbital sulcus; mog — medial orbital gyrus; mos — medial orbital sulcus; msg — middle
short insular gyrus; mtpg — middle transverse parietal gyrus; op — opercular part; os - olfactory
sulcus; pcg — precentral gyrus; pcis - precentral insular sulcus; pcs — precentral sulcus;

pg - postcentral gyrus; phg - posterior Heschl’s gyrus; pip — posterior insular point;

pis — postcentral insular sulcus; plg — posterior long insular gyrus; plol - posterolateral orbital
lobule; pmol - posteromedial orbital lobule; pog - posterior orbital gyrus; pos — postinsular
sulcus; ps - postcentral sulcus; pscs — posterior subcentral sulcus; psg - posterior short insular
gyrus; ptpg — posterior transverse parietal gyrus; ptps — posterior transverse parietal sulcus;
scg - subcentral gyrus; sis - short insular sulcus; smg - supramarginal gyrus;

sopg - subopercular gyrus; sorg — suborbital gyrus; spcg - subprecentral gyrus; sps - superior
CSI; ss - Schwalbe’s sulci in the polar plane; stg - subtriangular gyrus; tal - terminal ascending
part of the SF; tdl - terminal descending part of the SF; tg - transverse insular gyrus;

ti - temporal incisure; tos — transverse orbital sulcus; tp — temporal pole; tpl - temporal plane;
tr — triangular part; tts — transverse temporal sulcus; T1 - superior temporal gyrus; T2 - middle

temporal gyrus; t1 - superior temporal sulcus

http://theunj.org



20

Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

Insular apex B

Ant. b
limiting Sup. limiting
sulcus sulcus

Inf. limiting
sulcus

Fig. 5. Macroscopic anatomy of the insula (A, B) and schematic geometry (C, D) [24]: 0 - accessory
gyrus; 1 — anterior short gyrus; 2 — middle short gyrus; 3 - posterior short gyrus;

4 - anterior long gyrus; 5 - posterior long gyrus; 6 - transverse gyrus; Al - apex of the insula;

PI - pole of the insula; LI - limen insula; MI - margin of the insula; ACSI - anterior CSI; SCSI -
superior CSI; ICSI - inferior CSI; red dot — anterior insular point; green dot - posterior insular point

Thus, the central insular sulcus divides the insula
into a larger anterior portion, formed by the short gyri,
and a smaller posterior portion, composed of the long
gyri. The short gyri of the insula are separated by two
sulci: the short insular sulcus separates the anterior
and middle short gyri, while the precentral insular
sulcus divides the middle and posterior short gyri
(see Fig. 5).

The long gyri are located on the posteroinferior
surface of the insula, posterior to the central insular
sulcus. Most commonly, they originate below the insular
apex near the limen as a single gyrus, which then
bifurcates posteriorly into the anterior and posterior long
gyri, separated by the long insular sulcus (see Fig. 5).
The anterior long gyrus is typically broader.

Significant anatomical structures on the lateral
surface of the insula include the pole, apex, limen, and
margin of the insula. The insular pole is located at the
anteroinferior edge of the insula, where the short gyri
converge, forming a rounded area lateral to the limen
(see Fig. 5). The apex of the insula, its highest point on

http://theunj.org

the lateral surface, is situated above and posterior to the
pole, typically on the middle short gyrus (see Fig. 5).
The limen insulae is a slightly protruding arcuate ridge
located at the junction of the limen of the Sylvian fissure
and the operculo-insular transition. It extends from the
temporal pole to the orbital surface of the frontal lobe.
The long gyri of the insula terminate here [23]. The limen
is composed of a thin layer of gray matter covering the
uncinate fasciculus. The anterior perforated substance
lies medially to the limen and serves as an important
surgical landmark. The entry point of the most lateral
lenticulostriate artery (LSA) is considered the lateral
boundary of the anterior perforated substance. The
distance from the entry point of the extreme lateral
LSA into the anterior perforated substance to the medial
boundary of the limen insulae averages 15.3 mm [5]. The
margin of the insula represents the edge of the triangular
pyramid-shaped insula, extending from its apex to the
posterior insular point and protruding onto the lateral
surface (see Fig. 5).
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Conclusions

Insular gliomas are associated with profound
neurological deficits due to the proximity of functionally
critical brain regions, major projection and association
pathways, as well as large arterial trunks and venous
collectors.

In cases of insular involvement or extension of
gliomas from other lobes into the insular region, spatial
anatomy undergoes significant individual pathological
alterations. These changes, along with the degree of
involvement or displacement of eloquent cortical areas,
must be carefully considered during surgical planning.

Understanding the microsurgical anatomy of the
Sylvian fissure, the Sylvian cistern, and the insular
surface is a crucial prerequisite for the successful
execution of transinsular and transcortical approaches
to insular gliomas.
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Objective: to analyze the characteristics of compressive optic neuropathy
depending on the anatomical position of the optic chiasm.

Materials and methods: The study was conducted at the A.P. Romodanov
Institute of Neurosurgery of the National Academy of Medical Sciences of
Ukraine between 2018 and 2024, within the Departments of Endonasal Skull
Base Neurosurgery and Neuro-ophthalmology. We retrospectively analyzed data
from a consecutive surgical series involving 212 patients (424 eyes) diagnosed
with pituitary adenoma (PA) and compressive optic neuropathy manifested by
decreased visual acuity and/or visual field defects. The cohort included 116
women (54.7%) and 96 men (45.3%) aged 18 to 76 years (mean age 52.3 £
11.8 years). Based on the direction of PA growth and the anatomical position
of the optic chiasm, patients were classified into three groups:

Group I - anterior growth and/or posterior chiasmal position (34 patients,
16.1%; 68 eyes); Group II - suprasellar growth and/or central chiasmal position
(147 patients, 69.3%; 294 eyes); Group III - posterior growth and/or anterior
chiasmal position (31 patients, 14.6%; 62 eyes).

Results: No statistically significant difference in mean age was observed among
the groups (p > 0.05). The mean duration of visual impairment was (14.8 + 3.9)
months in Group I, (8.80 £ 0.95) months in Group II, and (9.1 £ 2.5) months
in Group III (p > 0.05). Mean visual acuity was 0.60 + 0.05, 0.60 + 0.03, and
0.60 = 0.04, respectively (p > 0.05). Mean cumulative loss of light sensitivity
was (10.39 £+ 0.80) dB, (11.2 £ 0.3) dB, and (10.25 + 0.80) dB in Groups I, II,
and III, respectively (p > 0.05). The mean tumor volume of PA was significantly
larger in Groups I ((20.4 £ 6.7) cm3) and III ((24.9 £ 5.9) cm3) compared to
Group II ((9.02 £ 0.59) cm3) (p < 0.05).

Regarding visual field patterns: posterior chiasmal position was associated
with superior temporal quadrantanopia (32.4%), central chiasmal position with
temporal hemianopia and central scotoma (30.6%), anterior chiasmal position
with homonymous hemianopia (35.5%).

Conclusions. In patients with pituitary macroadenomas, visual disturbances
may be delayed or absent when the chiasm is located in anterior or posterior
positions. This is likely due to reduced compressive impact on the opto-chiasmal
complex in these anatomical configurations.

Keywords: neurosurgery; ophthalmology; pituitary adenoma; optic chiasm,
compressive optic neuropathy

Introduction

over the dorsum sellae. In the posterior variant, the

The topographic anatomy of the optic chiasm in
relation to adjacent structures is highly variable, which
significantly influences the clinical course of lesions in
the chiasmal-sellar region (CSR). The position of the
optic chiasm relative to the sella turcica is determined
by the length of the intracranial segment of the optic
nerves (ON) and plays a crucial role in the manifestation
of visual disturbances.

Depending on the length of the intracranial portion
of the ON, several variants of chiasm positioning are
distinguished: normal, prefixed, and postfixed (Fig. 1).

In the anterior variant, the ONs are “short,” and
the chiasm is displaced anteriorly toward the chiasmatic
groove, positioned over the planum sphenoidale. In the
central variant, the posterior edge of the chiasm lies

Copyright © 2025 Kateryna S. Iegorova, Oleksii V. Ukrainets

ONs are “long,” and the chiasm is displaced posteriorly,
partially located behind the dorsum sellae. According to
the literature, the central chiasm position is observed
in 70-80% of cases, anterior in 9-15%, and posterior
in 11-15% [1-6].

The most common cause of primary benign
intracranial tumors in the CSR leading to compression of
the opto-chiasmatic complex (OCC) is a pituitary adenoma
(PA) [7,8]. According to the current WHO classification,
PAs are defined as PitNETs (pituitary neuroendocrine
tumors arising from epithelial cells of the anterior pituitary
lobe—adenohypophysis) [9]. Various authors report that
PAs account for 10-25% of all intracranial mass lesions,
and according to autopsy studies, the prevalence ranges
from 14.4% to 16.9% [10-14].

This work is licensed under a Creative Commons Attribution 4.0 International License
(53 https://creativecommons.org/licenses/by/4.0/
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In hormonally active PAs, hormone hypersecretion
leads to severe clinical diseases and syndromes
(acromegaly, Cushing's disease, hyperprolactinemia),
allowing diagnosis at the microadenoma stage (<10 mm).
In contrast, hormonally inactive PAs (HIPAs) may remain
clinically silent until they grow into macroadenomas
(>10 mm) and cause chiasmal compression. In cases
of anterior or posterior chiasmal positions, the onset
of clinical symptoms may be delayed due to the unique
pattern of tumor extension [15].

Preoperative assessment of chiasm positioning
is crucial for neurosurgeons in surgical planning,
particularly for determining the optimal timing and
strategy of intervention.

However, the specific features of compressive
optic neuropathy depending on chiasm position remain
insufficiently explored.

Objective: to analyze the characteristics of
compressive optic neuropathy in relation to different
variants of optic chiasm positioning.

Materials and methods

Study participants

The study was conducted at the Romodanov Institute
of Neurosurgery of the National Academy of Medical
Sciences of Ukraine between 2018 and 2024, based on the
Departments of Endonasal Skull Base Neurosurgery and
the Neuro-ophthalmology Group. A consecutive surgical
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Fig. 1. Schematic illustration of the sella turcica
and optic chiasm in sagittal (A, C, E) and axial (B,
D, F) planes, showing anterior (A, B), central (C, D),
and posterior (E, F) positioning

series of 212 patients (424 eyes) with pituitary adenomas
(PAs) and compressive optic neuropathy associated with
decreased visual acuity and/or visual field defects was
analyzed. Of the patients, 116 (54.7%) were female and
96 (45.3%) were male. The age of participants ranged
from 18 to 76 years, with a mean age of 52.3 + 11.8 years.

Inclusion criteria:

- presence of visual disturbances (reduced visual
acuity and/or visual field defects);

- surgical decompression of the OCC via endoscopic
tumor resection (either total or subtotal resection).

Exclusion criteria:

- cases of tumor regrowth;

- evidence of intracranial hypertension or comorbid
ophthalmological disorders;

- prior radiotherapy or radiosurgery;

- parasellar tumor extension;

- pituitary apoplexy.

Group characteristics

Based on the direction of PA extension and the
position of the optic chiasm, the 212 patients were
divided into three groups: Group I - anterior tumor
growth and/or posterior chiasmal position (34 patients
[16.1%], 68 eyes); Group II - suprasellar tumor growth
and/or central chiasmal position (147 patients [69.3%],
294 eyes); Group III - retrosellar tumor growth and/or
anterior chiasmal position (31 patients [14.6%], 62 eyes).

The variants of PA extension in relation to chiasmal
positioning are illustrated in Fig. 2—-4.

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. 2. Patient P., 64 years old, HIPA with suprasellar extension, central chiasmal position.
Brain MRI: A - coronal projection; B - sagittal projection

Fig. 3. Patient B., 58 years old, HIPA with retrosellar extension, anterior chiasmal
position. Brain MRI: A - sagittal projection; B - coronal projection

Fig. 4. Patient M., 54 years old, HIPA with antesellar extension, posterior chiasmal
position. Brain MRI: A - sagittal projection; B - coronal projection
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Study design

All patients underwent a comprehensive clinical-
neurological and ophthalmological evaluation,
complemented by neuroimaging techniques.

The ophthalmological examination included visual
acuity testing with optimal correction (visometry),
slit-lamp biomicroscopy, tonometry, automated static
perimetry, and ophthalmoscopy. Additionally, direct
and consensual pupillary light reflexes were assessed,
as well as pupil width and symmetry. Visual acuity was
graded as follows: 1 - normal (1.0); 2 - mild reduction
(0.7-0.9); 3 - moderate (0.4-0.6); 4 - severe (0.1-0.3);
5 - profound (<0.1); 6 - blindness (0).

Automated static perimetry (“Centerfield 27,
Germany) was used to determine the localization of
defects and to calculate the perimetric index of mean
defect (MD), reflecting cumulative light sensitivity loss.
Visual field loss severity based on MD was classified as:
0 - normal visual field; 1 — mild sensitivity loss (MD -2...
to -4 dB); 2 - moderate (MD -4... to -12 dB); 3 - severe
(MD -12... to -20 dB); 4 - profound (MD > -20 dB).

The severity of chiasmal syndrome (CS) was
assessed considering both visual acuity and visual field
loss (according to MD indicator) in both eyes: mild CS:
visual acuity 1.0 in both eyes, MD up to -4 dB; moderate
CS: visual acuity >0.1 in both eyes, MD -4... to -12 dB;
severe CS: visual acuity <0.1 in at least one eye, MD >
-12 dB in at least one eye.

Chiasmal syndrome was considered symmetric when
differences in visual acuity and the average total loss
of photosensitivity between both eyes fell within the
same stage. It was considered asymmetric if there was
a one-stage difference, and markedly asymmetric if the
difference was two stages or more.

Neuroimaging methods were used to determine the
localization, extent, and size of the CSR, the presence
of hemorrhagic or cystic components, lateralization, the
relationship with adjacent structures, and the chiasmal
configuration (confirmed intraoperatively).

In cases of significant PA extension, the classification
by G. Yasargil was applied to analyze the tumor growth
pattern. Suprasellar extension is characterized by
upward growth leading to compression of the OCC;
parasellar extension occurs laterally toward the
cavernous sinus; infrasellar growth extends into the
sphenoid sinus; antesellar and retrosellar extensions
indicate growth anterior and posterior to the sella turcica,
respectively. Diffuse growth is defined by multidirectional
tumor extension [16].

Following the measurement of the neoplasm in three
orthogonal planes, the tumor volume was estimated
using the principle developed by mathematician B.
Cavalieri, and calculated according to the following
formula [17]:

Volume (cm3) = (4/3) & x (a/2) x (b/2) x (c/2)

where a represents the width in the coronal plane,
b - the height in the coronal plane, and c - the length
in the sagittal plane.

The study was conducted in accordance with
the principles of bioethics and the provisions of the
Declaration of Helsinki on human rights. Ethical
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approval was obtained from the Ethics Committee of the
Romodanov Institute of Neurosurgery of the National
Academy of Medical Sciences of Ukraine (Minutes No. 5
dated December 13, 2019). All patients were informed
about the specifics of the diagnostic and therapeutic
procedures and provided written informed consent.

Statistical analysis

The collected data were entered into Microsoft
Excel and analyzed using “"SPSS Statistics version 30”.
The results are presented as the arithmetic mean with
standard deviation (M £ SD). To determine the statistical
significance (p) of differences between independent
groups, the Student's t-test for related samples was
applied. A p-value of <0.05 was considered statistically
significant. To assess the distribution of categorical
variables, Pearson’s chi-square (x2) test was used; in
cases with small sample sizes, Fisher’s exact test was
applied.

Results

All tumors demonstrated growth directed toward
the OCC, resulting in compression of the anterior
visual pathway and subsequent visual disturbances
(reduced visual acuity and/or visual field defects), which
predominated in the clinical picture of most patients.
The duration of visual symptoms ranged from 2 weeks
to 6 years, with the decline in vision being progressive
in nature. A total of 25 patients (11.8%) did not report
any vision-related complaints; however, changes in
visual acuity and/or visual field defects were detected
during ophthalmological examination. Distribution by
hormonal activity was as follows: HIPAs were diagnosed
in 177 patients (83.5%), prolactinomas in 20 (9.5%),
somatotropinomas in 13 (6.1%), and corticotropinomas
in 2 (0.9%).

Visual acuity in Group I was distributed as follows:
1.0 - 22 eyes (32.4%), 0.7-0.9 - 15 eyes (22.1%),
0.4-0.6 - 12 eyes (17.6%), 0.1-0.3 - 9 eyes (13.2%)
<0.1 - 10 eyes (14.7%). Visual field defects included:
superior temporal quadrantanopia - 22 eyes (32.4%),
partial temporal hemianopia - 10 eyes (14.7%), complete
temporal hemianopia - 8 eyes (11.7%), temporal
hemianopia with central scotoma - 15 eyes (22.1%),
central scotoma with temporal deviation - 1 eye (1.5%),
residual nasal visual field - 6 eyes (8.8%), undetectable
visual field - 4 eyes (5.9%), no changes - 2 eyes (2.9%).
Primary descending optic atrophy (OA) was observed
in 18 patients (52.9%), including bilateral involvement
in 13 patients (26 eyes) and unilateral in 5 patients (5
eyes). Based on the analysis of visual acuity and visual
field parameters in both eyes, asymmetric chiasmal
syndrome (CS) was found in 14 patients (41.2%),
markedly asymmetric in 12 (35.3%), and symmetric in
8 (23.5%). CS severity distribution in Group I: mild - 3
patients (8.8%), moderate - 15 patients (44.1%), severe
- 16 patients (47.1%).

Visual acuity in Group II (147 patients, 294 eyes)
was distributed as follows: 1.0 - 81 eyes (27.5%), 0.7-0.9
- 49 eyes (16.7%), 0.4-0.6 - 70 eyes (23.8%), 0.1-0.3
- 69 eyes (23.5%), <0.1 - 25 eyes (8.5%). Visual field
defects included: superior temporal quadrantanopia -
4 eyes (1.4%), partial temporal hemianopia - 45 eyes
(15.3%), complete temporal hemianopia - 71 eyes
(24.1%), temporal hemianopia with central scotoma - 90
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eyes (30.6%), central scotoma with temporal deviation
- 63 eyes (21.4%), residual nasal visual field - 15 eyes
(5.1%), undetectable visual field - 1 eye (0.4%), no
changes - 5 eyes (1.7%). Optic atrophy was confirmed
in 105 patients (71.4%), with bilateral involvement in
72 patients (144 eyes) and unilateral in 33 (33 eyes).
Symmetric CS was observed in 63 patients (42.9%),
compared to asymmetric in 39 (26.5%) and markedly
asymmetric in 45 (30.6%). CS severity distribution: mild
- 7 patients (4.8%), moderate — 66 patients (44.9%),
severe - 74 patients (50.3%).

Visual acuity in Group III (31 patients, 62 eyes) was
distributed as follows: 1.0 - 17 eyes (27.4%), 0.7-0.9 - 17
eyes (27.4%), 0.4-0.6 - 10 eyes (16.1%), 0.1-0.3 - 13
eyes (21.0%), <0.1 - 5 eyes (8.1%). Visual field defects
were as follows: homonymous hemianopia - 22 eyes
(35.5%), partial temporal hemianopia - 5 eyes (8.1%),
complete temporal hemianopia - 3 eyes (4.8%),temporal
hemianopia with central scotoma - 12 eyes (19.4%),
central scotoma with temporal deviation - 18 eyes
(29.0%), residual visual field in the nasal half - 1 eye
(1.6%), no changes - 1 eye (1.6%). OA was diagnosed
in 19 patients (61.3%): bilateral in 13 patients (26
eyes) and unilateral in 6 patients (6 eyes). Symmetric
chiasmal syndrome (CS) was predominant in 14 patients
(45.2%), followed by asymmetric in 9 patients (29.0%)
and markedly asymmetric in 8 patients (25.8%). CS
severity in Group III was as follows: mild — 2 patients
(6.5%), moderate - 15 patients (48.4%), severe - 14
patients (45.1%).

The clinical characteristics of the study groups are
summarized in Table 1.

According to the analysis, no statistically significant
differences were found between the study groups in
terms of mean age (p > 0.05), mean duration of visual
disturbances, mean visual acuity, or average group-level
light sensitivity loss (see Table 1). The distribution of CS
types varied across groups: in Group I, the asymmetric
type was predominant (41.2%), whereas in Groups II and
ITI, the symmetric type was more frequent (42.9% and
45.2%, respectively). Comparison of the groups revealed
that moderate CS occurred most commonly in Group III
(48.4%), while severe CS was more frequently observed
in Groups I and II (47.1% and 50.3%, respectively).

Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

The highest incidence of OA was recorded in Group II
(71.4%), compared to 52.9% in Group I and 61.3% in
Group III.

The mean volume of the PA was significantly greater
in Groups I (20.4 £ 6.7 cm3) and III (24.9 £ 5.9 cm3)
compared to Group II (9.02 £ 0.59 cm3; p < 0.05).

Discussion

We analyzed the characteristics of compressive
optic neuropathy (CON) depending on the position of
the optic chiasm in a large cohort of patients with PAs.
This aspect has not been adequately explored in the
literature, as existing data on chiasmal positioning are
primarily derived from autopsy studies. Only isolated
clinical cases of homonymous hemianopia associated
with CSR tumors, as well as reports involving anterior
and posterior chiasmal positions, have been described
in the literature [18-20].

It is well established that hormonally active PAs
are typically diagnosed at the microadenoma stage
(<10 mm) due to the manifestation of severe clinical
syndromes induced by hormone hypersecretion, such as
acromegaly, Cushing’s disease, and hyperprolactinemia.
At this stage, their small size precludes chiasmal
compression. In contrast, HIPAs often remain clinically
silent for an extended period and cause compression of
the optic chiasm only after reaching sizes >10 mm [15].
The lack of hormonal activity complicates early detection
at small tumor sizes. In our study, HIPAs were identified
in 83.5% of patients, which is consistent with the findings
of Gnanalingham et al. (2005) [21].

In cases of antesellar extension and/or
posterior chiasmal position, CS was characterized
by an asymmetric pattern (41.2%), a severe course
(47.1%), with a predominance of superior temporal
quadrantanopia (32.4%) and OA (52.9%). In cases of
suprasellar extension and/or central chiasmal position,
CS manifested symmetrically (42.9%), with a severe
course (50.3%), commonly presenting with temporal
hemianopia with central scotoma (30.6%) and OA
(71.4%). In cases of retrosellar extension and/or
anterior chiasmal position, CS was associated with a
symmetric pattern (45.2%), a moderate course (48.4%),
and predominance of homonymous hemianopia (35.5%)

Table 1. Clinical characteristics of the study groups with compressive optic neuropathy depending on the
direction of pituitary adenoma extension and chiasmal position

Parameter Group I, n=34

Group II, n=147

Group III, n=31 P value

Mean age, years (M£SD)* 48,4+13,4

52,8+11,4

54,2+11,2

Duration of visual
disturbances, months,
(M £ m)*

14,8+3,9

8,8+0,95

9,1+2,5

Visual acuity (M £ m)* 0,6+0,05

0,6+0,03

0,6+0,04

MD, dB (M % m)* 10,39+0,80

11,240,3

10,25+0,80

PA volume, cm3, (M £ m)* 20,4+6,7

9,0240,59

24,9+5,9

Note: * Based on Student’s t-test.

http://theunj.org



Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

and OA (61.3%). No statistically significant differences
were found between groups in terms of mean age, mean
visual acuity, or MD values (p > 0.05).

Bitemporal heteronymous hemianopia is considered
the classical visual field defect resulting from involvement
of decussating optic nerve fibers. However, the specific
visual field defect pattern depends on the topographic
relationship between the optic chiasm and the tumor
(Figs. 5-7). In posterior chiasmal positions, superior
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temporal quadrantanopia predominated (32.4%). In
central positions, the typical temporal hemianopia
with central scotoma was most common (30.6%).
In anterior positions, homonymous hemianopia
prevailed (35.5%).

The occurrence of homonymous hemianopia in PAs
is atypical and results from compression of the posterior
chiasm and/or optic tracts, clinically mimicking visual
deficits typically seen in retrochiasmal lesions.
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Fig. 5. Automated static perimetry. Superior quadrantic bitemporal hemianopia
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Fig. 6. Automated static perimetry. Bitemporal hemianopia with central scotoma
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Fig. 7. Automated static perimetry: Left-sided homonymous hemianopia

Based on the results of the study, a shorter duration
of visual disturbances was observed in patients with a
centrally positioned optic chiasm, although the difference
did not reach statistical significance (p > 0.05). At the
same time, the mean volume of PAs was significantly
larger in cases with anterior and posterior chiasmal
positions compared to the central position (p < 0.05).
These findings indicate that tumors may grow to giant
sizes without causing ophthalmological symptoms
during the macroadenoma stage (10-40 mm), which
may be explained by the presence of free space for PA
in anterior and posterior chiasmal positions, unlike the
central chiasmal location.

Conclusions

In patients with pituitary macroadenoma, the onset
of visual impairment may be delayed or entirely absent
in cases of anterior or posterior chiasmal positions, due
to reduced compressive effects on the opto-chiasmatic
complex.
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Aim: To investigate the levels of inflammatory mediators of the immune
system in blood serum and cerebrospinal fluid (CSF) in combatants with mild
traumatic brain injury (mTBI) at different time periods after its acquisition.

Materials and methods: IL-6, TNFa, IL-10 and TGFB1 concentrations were
measured according to the instructions of the «Human ELISA Kit» (Elabscience
Bionovation Inc., USA) in 53 paired serum and CSF samples from patients
with combat mTBI.

Results: In the general group of patients with mTBI, a significant increase
in the peripheral content of IL-6, IL-10, TGFB1 was found, compared with
healthy donors (control). When studying these indicators depending on the
duration of the post-traumatic period, a persistent increase in the level of IL-6
was shown in combination with significantly increased TGFB1 concentration
indicators and a tendency to an increased level of IL-10. At the same time,
the analysis of the central content of inflammatory biomarkers did not reveal
their significant changes at different times after TBI, with the exception of a
tendency to a decrease in the presence of IL-6, the presence of which in paired
analytes prevailed in CSF along with the prevalence of peripheral finding of
TNFa, IL-10, TGFB1.

Conclusions: Thus, the increased content of circulating pro-inflammatory
IL-6 and TNFa in the intermediate and remote periods of the course of TBI
and a significantly (approximately 6 times) increased level of pleiotropic TGFf1
in combination with anti-inflammatory IL-10 indicate the persistent nature of
inflammation, which indicates the possibility of induction of neurodegenerative
processes in combatants with TBI. Such results confirm the feasibility of
comprehensive monitoring of immunological markers of inflammation to
identify potential directions for adequate pathogenetic therapy even in the
context of significantly distant consequences of TBI.

Keywords: combat mild TBI; inflammatory markers of the immune system,
time periods of TBI

Introduction

Moreover, the issue of TBI-related consequences

Traumatic brain injuries, which are widespread
among young people, are often a factor in the
development of long-term neurological deficits,
cognitive impairments, and emotional disorders. These
consequences pose important medical and socio-
economic challenges associated with high mortality and
disability of patients, as well as with the triggering value
of post-traumatic neuroinflammation in the occurrence
of neurodegenerative processes, which subsequently
lead to an increased risk of developing Alzheimer's and
Parkinson's diseases, chronic traumatic encephalopathy,
etc. [1-7]. Currently, TBI is a global health problem
worldwide, exacerbated by inadequate monitoring and
the lack of effective diagnostic methods and pathogenetic
treatment at various stages of the post-traumatic
period, which can cause complications of the disease
due to the initiation of complex biochemical cascades
and immunological processes leading to secondary
neuroinflammation [8-12].

is becoming increasingly urgent in the context of a
full-scale war of aggression in Ukraine with a violation
of the world charter of the sovereignty of democratic
states due to the Russian invasion. This applies both to
direct participants in hostilities using modern destructive
weapons, and to the civilian population, which is
permanently exposed to stochastic terrorist bombing.
In the overall structure of brain injuries, mine-
explosive injuries are detected in 70% of victims, and
at least 80% of them are diagnosed as mild injuries
[13, 14]. The most common type of mTBI among military
personnel is concussion and mild brain contusion, and
such injuries, most often caused by an explosion, are
considered “signature wounds” of the wars in Iraq and
Afghanistan [15-18]. Currently, there are quite limited
objective indicators for identifying individuals with
a high risk of developing neuropsychiatric disorders
and adverse consequences and complications [18], in
particular, among military personnel and veterans of
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modern wars against the background of the staggering
spread of TBI [19].

It is known that TBI is accompanied by an immediate
immune system response. Innate immunity helps to
reduce the progression of pathogens by activating
the healing processes and remodeling of nerve tissue
damage while also preparing the body for an adaptive
immune response, which is based on the activation of T
and B lymphocytes, the excess of which has the ability
to stimulate neuroinflammation [11]. Previous studies
have documented a reversible increase in the levels of
inflammatory cytokines IL-6, TNFa and IL-10 within 24
hours after the explosion during training [20], and as a
result of the acute phase reaction in combatants with
severe TBI [21]. The cytokines promote the induction
of the first phase of inflammation, which is aimed at
neuroprotection and restoration of homeostasis and
nervous tissue integrity [22, 23].

Accordingly, the study of neuroinflammation
and its associated immune biomarkers is of growing
importance [23, 24]. Evidence suggests that uncontrolled
or insufficiently effective regulation of the balance
of pro- and anti-inflammatory activity of mediators
of the immunological response may be the cause
of the formation of long-term symptoms of CNS
damage due to TBI [25-28] with the development of
autoimmune processes and the subsequent formation
of neurodegenerative pathology.

It is noteworthy that most of the literature on the
pathogenesis of neuroinflammation focuses on studying
the mechanisms of its development, which are activated
in patients with severe TBI in the most acute period (the
first hours, days, weeks) [14, 21, 29, 30]. At the same
time, studies of immunological markers in the chronic
course of combat mTBI are not sufficiently presented.

Taking this into account, the aim of the work was
to study the levels of inflammatory mediators of the
immune system in the serum and CSF in combatants
with mTBI at different time periods after its acquisition.

Materials and methods

Study participants

The study was performed using 53 paired serum
and CSF samples obtained from male patients aged
36.03+1.40 years, who were treated in the neurosurgical
department of the P. V. Voloshyn Institute of Neurology,
Psychiatry and Narcology of the National Academy of
Medical Sciences of Ukraine during 2024 years.

Inclusion criteria

Patients who suffered mTBI in the form of concussion
and mild brain contusion during active hostilities in
Ukraine.

Exclusion criteria

Severe TBI, the presence of multiple trauma and
chronic somatic diseases.

Group characteristics

Depending on the duration of the post-traumatic
period, the combatants were divided into three groups:
I (acute period) - 1.22+0.19 months; II (interim period)
- 6.39+0.74 months; III (remote period) - 13.43+1.13
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months. The control group, limited to serum samples
only for ethical and medical reasons, consisted of 8
practically healthy male donors aged 37.38+2.40 years.
All patients with TBI, regardless of the time after its
acquisition, were included in the general comparison
group — TBI.

Study design

Peripheral blood with a volume of up to 8 ml
was obtained by puncture from the cubital vein with
subsequent centrifugation (4000 revolutions per minute,
within 10 minutes), serum collection (120 ul into separate
Eppendorf tubes) and storage at -80°C until quantitative
ELISA.

CSF samples were obtained with patient consent
during neurosurgical intervention by lumbar puncture
with subsequent storage of the required number of its
samples (120 pl) at -80°C. The process from serum and
CSF sample collection to storage lasted no more than
3 hours. Serum and CSF samples were used with one
freeze-thaw cycle.

The concentrations of immune system mediators
were measured spectrophotometrically with recording
of values on a microplate enzyme immunoassay
analyzer GBG Stat Fax 2010 (USA) with a wavelength
of 450 nm according to the instructions and protocols
of the manufacturer of «Human ELISA Kit» from
«Elabscience Bionovation Inc.» (USA), «...which are
used for their determination in blood serum and other
biological fluids of the body (plasma, CSF, tissue
homogenates, supernatants of cell structures, etc.)».
The concentrations of pro-inflammatory cytokines IL-6
and TNFa and anti-inflammatory IL-10 and TGFB1 were
determined. The sensitivity of the analyses was: IL-6
- 0.94 pg/ml, IL-10 - 0.94 pg/ml, TNFa - 4.69 pg/ml,
TGFB1 - 18.75 pg/ml; detection range: IL-6 - 1.56-100
pg/ml, IL-10 - 1.56-100 pg/ml, TNFa - 7.81-500 pg/
ml, TGFB1 - 31.25-2000 pg/ml. Since the «Human
ELISA Kit» is intended for research purposes only
and cannot be used for clinical diagnosis or any other
related procedures, reference values for cytokine levels
in peripheral blood and CSF are not provided in this
test system.

Statistical analysis

Statistical analysis of the results was performed
using the Microsoft Office Excel program using Student's
t-test to assess differences between comparison groups.

Results

Determination of concentrations of inflammatory
mediators of the immune system in the generalized
group of patients with combat TBI revealed a significant
increase, compared with controls, in the peripheral
content of pro-inflammatory IL-6, anti-inflammatory
IL-10 and TGFB1 (Table 1). When studying these
indicators depending on the duration of the post-
traumatic period, it was shown that the increased level
of IL-6 production was preserved in combination with
significantly increased, relative to healthy donors, serum
TGFB1 concentrations and a tendency to an increased
level of IL-10 at all stages of the course of TBI.

This article contains some figures that are displayed in color online but in black and white in the print edition.
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At the same time, analysis of the content of
inflammatory markers in CSF did not reveal significant
differences at different times after TBI, with the
exception of a tendency to decrease the concentration
of IL-6 depending on the increase in the duration
of the post-traumatic period. When comparing the
ratio of peripheral and central inflammatory cytokine
content in paired biological analytes, it was found that
in the process of chronicity of TBI consequences in
combatants, only the content of IL-6 prevails in CSF
along with the prevalence of peripheral TNFa, IL-10 and
TGFB1 (Fig. 1).
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The obtained results do not contradict the literature
data on the content of immune system mediators
in patients with TBI, taking into account the severity
and time periods of its course. Thus, when studying
the concentrations of IL-6, IL10, TNFa, TGFB1, their
multidirectional correlation was revealed with a particularly
significant (28 times) predominance of IL-6 content in CSF
compared to serum, which demonstrated its important
role in the initiation of the acute phase [21, 30], and in
our study, the quantitative features of the representation
of inflammatory cytokines in the brain and blood reflect
the consequences of chronic neuroinflammation.

Table 1. Levels of pro- and anti-inflammatory cytokines in the serum and CSF in patients with combat mTBI at

different periods after its receipt

3 ~ % Groups
e s
35| 3
S I (acute period, II (interim period, III (remote period,
> £ Control mTBI 1.22+0.19 months) | 6.39+0.74 months) | 13.43+1.13 months)
serum 0.20+0.03 0.30+0.04*x* 0.32+0.05** 0.26+0.05 0.32+0.07
IL-6
CSF — 1.06+0.19 1.68+0.54 0.81+0.09* 0.76+0.16*
serum 0.04+0.01 0.38£0.14%** 0.35+0.26 0.46+0.24* 0.34+0.26
IL-10
CSF — 0.19+0.04 0.27+0.10 0.14+0.05 0.14+0.05
serum 15.93+3.54 65.04+31.02% 5.37£3.01** 51.39+26.45* 149.44+94.40
TNFa
CSF — 6.95+0.85 6.00+1.36 5.94+1.00 9.17+1.91
serum | 242.80+81.70 | 1374.78+230.13****xx | 1471,90+41.11xx*x* 1450.50+447.80*** 1179.50+£345.80***
TGFB1
CSF — 88.31+12.78 82.30+16.10 104.70+30.60 77.60+18.10
Notes. * p < 0.1; ** p < 0.05; *** p < 0.02; **** p < 0.01; ***** p < 0.001: compared to control; #

p < 0.1: compared to group I

conventional

units
20 1 15,57
15 ~
9,36
10
3,53
5 - 2,01
0,28 011 051 goe

IL-6  TNFa IL-10 TGFB1

Serum/CSF

CSF/Serum

IL-6 TNFa IL-10 TGFpB1

Fig. 1. Relation between peripheral and central inflammatory cytokine levels in
the serum and CSF in patients with combat TBI
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Conclusion

The moderately elevated serum IL-6 level is
consistent with the idea that it can escape from the
injured brain into the bloodstream. It is believed that
this is the main mechanism for activating peripheral
metabolism, endocrine and immune responses, i.e.,
its production in the periphery is stimulated [31]
with simultaneous induction of the synthesis of anti-
inflammatory IL-10 and TGFB1 to provide a regulatory
immunosuppressive effect [30]. This likely demonstrates
a physiological normalization of the balance of pro-
and anti-inflammatory cytokines as a mechanism for
restraining the intensity of the secondary phase of
neuroinflammation, which in the process of chronic mTBI
is aimed at slowing down or preventing complications,
which in the case of uncontrolled hyperadaptive immune
response leads to “secondary injury”, which can
contribute to further strengthening of neuropsychiatric
symptoms in much later periods.

Given that IL-6 plays a key role in both the acute
and chronic phase of the response, and persistent
neuroinflammation is associated with a poor prognosis
[26, 32], our long-term findings after mTBI suggest
the persistence of chronic inflammatory processes
with a predominance of their activity in the periphery.
This likely reflects the consequences of secondary
neuroinflammation with changes in systemic immunity,
which may be associated with disruption of the vascular
network of the CNS barrier structures, leading to the
leakage of detritus (a product of tissue breakdown)
and inflammatory mediators with the development of
complications such as systemic inflammatory response
syndrome (SIRS) [11, 33-35], which in turn may
complicate the consequences of the primary injury and
local inflammatory reaction. According to the increase
in the post-traumatic period, the body compensates for
SIRS by increasing the peripheral level of inflammatory
mediators, which, along with the activation of anti-
inflammatory cytokines, contributes to the normalization
of their balance and outlines directions for selective
immunomodulatory therapeutic interventions at much
later stages of the course of TBI.

In the context of the current study, the results
obtained are organically combined with the literature and
our previous data on the features of immune reactivity
at different times after mTBI in combatants, which
indicate chronic inflammation in the remote periods of
its course, which is capable of initiating the formation
of autoimmune processes with subsequent induction of
neurodegenerative pathology. This concerns the increase
in serum concentrations of immunoglobulins of the main
classes, especially IgG, which reflected the formation
and long-term maintenance of the humoral component
of adaptive immunity in the remote periods of mTBI, as
well as the modulation of the eliminating (detoxification)
function of the immune system in the form of an increase
in the number of small, most pathogenic, soluble antigen-
antibody complexes along with the suppression of the
formation of large and medium-sized conglomerates
that stimulate the activity of micro- and macrophage
systems of nonspecific natural resistance of the organism
[36]. In addition, a slight increase in the content of
circulating pro-inflammatory cytokines IL-6 and TNFa
in the intermediate and long-term observation periods,
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along with a significantly (approximately 6 times)
increased level of pleiotropic TGFB1 in serum, confirms
the persistent character of inflammation, which does
not exclude its role in stimulating neurodegenerative
processes in patients with mTBI.

It is known that activation of TGFB1 production
can be a consequence of both beneficial and harmful
effects of neuroinflammation in order to suppress
proinflammatory reactions and enhance tissue repair
of reactive astrocytes and microglia [37]. Astrocytes
are the main source of endogenous TGFB1 production
in the CNS, providing metabolic and structural support
for neurons and participating in the regulation of brain
homeostasis, synaptic plasticity and blood-brain barrier
(BBB) integrity [38-40]. In addition, astrocytes play a
crucial role in responses to the pathological effects of
disease and brain injury [38-42]. TGFB, among other
inflammatory cytokines, is a key regulator and signaling
factor in the transformation of normal astrocytes
into reactive phenotypes [40, 43, 44]. As TGFB1 is
a pleiotropic cytokine, its excess may contribute to
neuronal dysfunction and cognitive impairment in
TBI [45-47], as well as to the inhibition of microglial
proliferation, astrocyte activity, and glial scar formation
[41, 43, 48]. Reactive astrogliosis is thought to be
a protective mechanism aimed at limiting damage,
controlling inflammation, and restoring homeostasis
[38, 49, 50]. However, like peripheral inflammation,
astrogliosis can become maladaptive and contribute to
secondary damage to neural tissues [51]. As a result of
studying these aspects of reactivity, neurotoxic (A1) and
neuroprotective (A2) astrocytes have been identified
[52]. The importance of considering the context-
dependent modulation of their reactivity by TGF1
signaling is emphasized. It is noteworthy that TGFp1
promotes the development of macrophages and their
polarization into an M-2-like pool, which is associated
with neuroprotection, migration, and angiogenesis [53].

Thus, when studying the content of inflammatory
mediators of the immune response in patients with
combat mTBI, a total increase in their level in the
peripheral blood serum was found, which corresponds to
the literature data on the important role of the immune
system in the course of TBI and the formation of its long-
term consequences and complications [26, 29, 33, 54].
Modern scientific studies have obtained numerous data
indicating the global role of the immune system both in
the mechanisms of acute response and in the chronic
course of TBI, which emphasizes the need to modulate
neuroinflammation in the process of forming secondary
trauma due to its uncontrolled development. At the same
time, there is a lack of consensus on the methodology
of TBI research in connection with the measurement
of inflammatory cytokines in peripheral blood, which
does not provide accurate differentiation of the causes
of inflammation in patients who suffer multiple trauma
during combat operations [32]. In view of this, studies of
both peripheral and central content of immune response
mediators are of particular importance, which is one of
the virtues of this work.

Thus, the results of our study indicate the feasibility
of comprehensive monitoring of central and peripheral
inflammatory cytokine content to determine potential
directions of adequate pathogenetic therapy even in
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conditions of significantly distant consequences of mTBI
in order to substantiate the possibility of returning
servicemen to direct participation in combat operations,
which is extremely relevant during war.

Against the background of the high modernity of
the actual study, which was carried out using biological
materials from participants and veterans of active
hostilities in Ukraine, unfortunately, a certain drawback
can be noted in the form of a relatively small size
of the comparison groups and a limited spectrum of
inflammatory cytokines, and the inability of determining
neurotrophic factors (BDNF, VEGF, PDGF) in order to
study the mechanisms of neuroplasticity in the process
of structural and functional recovery of the CNS in
patients with TBI. This is objectively related to limited
funding for scientific research in a medical institution
under the conditions of Russia's full-scale aggressive
attack on Ukraine.

In the direction of future research, it seems
appropriate to include clinical and immunological
comparisons of the course of TBI, taking into account
the neurosurgical treatment of comorbid pathology
associated with mechanical damage during combat TBI.
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Objective: to assess the arterial blood pressure measured invasively in the
internal carotid artery and distal to the site of thrombotic occlusion (in the
middle cerebral artery) during mechanical thrombectomy in patients with
acute ischemic stroke.

Materials and methods: In 2024, a total of 90 patients with acute
cerebrovascular occlusion who underwent thrombectomy were examined.
Data from 23 patients in whom intraoperative arterial pressure (AP) was
measured invasively were analyzed. Patient age ranged from 44 to 81 years,
with a mean age of 66.3+10.4 years. The majority of patients were male
(61%). Stroke severity was assessed using the National Institutes of Health
Stroke Scale (NIHSS), and functional outcomes were evaluated using the
modified Rankin Scale (mRS) at discharge (0-3 points - favorable outcome,
4-6 points — unfavorable outcome). Ischemic changes were graded according
to the Alberta Stroke Program Early CT Score (ASPECTS), with <7 points
indicating extensive changes and =8 points indicating moderate changes.

Results: No statistically significant differences were found in AP levels in
the internal carotid artery before and after thrombectomy depending on
the degree of neurological deficit, volume of ischemic changes, or functional
outcome (p>0.1). The mean AP measured distal to the site of occlusion was
significantly higher in patients with NIHSS scores <15 compared to those
with NIHSS scores>15 ((59.7+£4.7) vs. (51.0£10.9) mm Hg, p=0.02), in
patients with moderate ischemic changes ((58.5+5.4) vs. (44.3£11.9) mm
Hg, p=0.03), and in those with a favorable functional outcome ((59.2+5.5)
vs. (49.0£11.1) mm Hg, p=0.02). The mean AP in the internal carotid artery
after thrombectomy was significantly higher in patients with hemorrhagic
transformation ((114.4+9.0) vs. (100.4£13.4) mm Hg, p=0.01).

Conclusions: A correlation was found between the mean AP levels, measured
invasively in intracranial arteries at various stages of mechanical thrombectomy
for acute ischemic stroke, and stroke severity, infarct volume, development of
hemorrhagic transformation, and functional outcome. These findings highlight
the importance of investigating local hemodynamics to predict treatment
outcomes in acute ischemic stroke and to explore personalized AP management
strategies during thrombectomy and in the early postoperative period.

Keywords: acute ischemic stroke; mechanical thrombectomy; cerebral
perfusion pressure monitoring;, hemorrhagic transformation; cerebral edema

Stroke is often a leading cause of disability and
remains one of the primary causes of mortality worldwide
[1]. Over the past decade, a number of large clinical trials
have confirmed the efficacy of mechanical thrombectomy
(MT) compared to standard medical therapy, particularly
intravenous thrombolysis using tissue plasminogen
activator (tPA). The effectiveness of MT has been
demonstrated in patients with acute ischemic stroke
(AIS) caused by large vessel occlusion in the anterior
circulation [2]. Despite similar clinical and radiological
manifestations, MT outcomes may vary significantly
among different patient groups [3]. Elevations in systolic
or diastolic AP are observed in up to 80% of patients
following AIS, even among those without a prior history

Copyright © 2025 Andrii M. Netliukh, Andrian A. Sukhanov

of hypertension. This may reflect a stress response
or a compensatory mechanism to maintain cerebral
perfusion [4].

Contemporary studies have identified AP and
collateral circulation as key factors in maintaining
cerebral blood flow and influencing clinical outcomes [5].
Collaterals play a critical role in sustaining perfusion to
brain regions distal to the arterial occlusion. They are
particularly important in the acute phase of ischemic
stroke prior to recanalization therapy [6].

The literature presents conflicting data on the
relationship between baseline AP, collateral status,
and the efficacy of endovascular treatment of ischemic
stroke. While some researchers suggest a compensatory

This work is licensed under a Creative Commons Attribution 4.0 International License
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benefit of elevated AP [7], others report a detrimental
effect [8]. Most studies have focused on systemic
AP measurements, whereas the hemodynamic state
of cerebral vessels distal to the thrombus remains
underexplored [9]. This local pressure may be vital
to understanding the pathophysiological processes in
the ischemic zone and could help predict the success
of endovascular interventions and patients’ functional
recovery [10]. Invasive intra-arterial AP monitoring is
standard practice in intensive care units abroad and is
also frequently utilized during surgery to obtain beat-to-
beat AP readings. For critically ill patients, intra-arterial
monitoring facilitates frequent blood sampling and
assists in the differential diagnosis of certain pathological
conditions. It is an additional tool that experienced
clinicians can use to improve patient management [11].

Special attention has been given to the role of AP
in the development of hemorrhagic transformation (HT)
following reperfusion therapy. According to the literature,
both excessive hypertension and rapid AP reduction
after reperfusion are associated with an increased risk
of intracerebral hemorrhage [12]. Data from E.A. Mistry
et al. (2019) indicate that systolic AP>180 mmHg within
the first 24 hours after MT is associated with a higher
risk of symptomatic HT and poorer functional outcomes
[13]. Other studies emphasize that not only absolute AP
values but also AP variability are important: increased
variability may disrupt the blood-brain barrier and
contribute to secondary brain injury [14].

Establishing correlations between hemodynamic
parameters and clinical as well as radiological indicators
(infarct volume, severity of neurological deficit, collateral
status, and presence of HT may, in our view, provide a
better understanding of the mechanisms of cerebral
autoregulation, collateral blood flow, and changes in
blood-brain barrier permeability during ischemic injury.
The obtained data may contribute to the individualization
of AP management strategies during the in-hospital
stage, taking into account local cerebral perfusion
pressure, the degree of neurological deficit, and the
risk of HT.

Objective: to assess the level of arterial pressure
measured invasively in the internal carotid artery and
distal to the site of thrombotic occlusion (in the middle
cerebral artery) during mechanical thrombectomy in
patients with acute ischemic stroke.

Materials and methods

Study participants

In 2024, a total of 90 patients with acute
cerebrovascular occlusion who underwent mechanical
thrombectomy were examined. Data from 23 patients,
in whom intraoperative invasive AP monitoring was
performed, were analyzed. Patient age ranged from 44
to 81 years, with a mean age of 66.3+10.4 years. The
majority of participants were male (61%).

Informed and voluntary written consent for
participation in the study and publication of the data was
obtained from all patients or their legal representatives.

Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

The study was approved by the Ethics Committee of
the Municipal Non-Profit Enterprise "First territorial
medical association of Lviv" (Minutes No. 13, dated
08.09.2022). The research complies with the principles
of the Declaration of Helsinki.

Inclusion Criteria

The study included patients with AIS confirmed by
computed tomography data (Alberta Stroke Program
Early CT Score [ASPECTS] = 6 points), who underwent
MT, and in whom invasive AP monitoring in the internal
carotid artery (ICA) and distal to the occlusion site was
technically feasible.

Group Characteristics

The severity of patients’ condition at admission was
assessed using the National Institutes of Health Stroke
Scale (NIHSS). Based on NIHSS scores, patients were
divided into groups with moderately severe (NIHSS <15
points, 10 patients) and severe (NIHSS>15 points, 13
patients) neurological deficits. A score<4 points on the
NIHSS is considered a minor stroke, 5-15 points indicate
a moderate stroke, 16-20 points a severe stroke, and
>21 points a very severe stroke.

To diagnose ischemic stroke, all patients underwent
non-contrast brain CT using a Philips Ingenuity CT 2019
scanner (Philips Healthcare [Suzhou] Co., Ltd., Suzhou,
China). Early ischemic changes were assessed using
the Alberta Stroke Program Early CT Score (ASPECTS),
where a score of 10 indicates the absence of ischemic
changes, and 0 indicates diffuse ischemia throughout
the entire middle cerebral artery (MCA) territory. The
site of arterial occlusion was also determined. Based
on CT findings, patients were stratified into groups with
pronounced (ASPECTS <7, 6 patients) and moderate
(ASPECTS =8, 17 patients) ischemic changes.

Following thrombectomy, the degree of reperfusion
was assessed using the expanded Thrombolysis in
Cerebral Infarction (eTICI) scale: 0 — no reperfusion; 3
- complete reperfusion with filling of all distal branches.

Functional outcomes were evaluated prior to
hospital discharge using the mRS, classified as favorable
(scores 0-3, 13 patients) or unfavorable (scores 4-6,
10 patients). The mRS is a simplified universal tool for
assessing patient independence and disability during
medical rehabilitation and at 90-115 days post-stroke. A
score of 0 indicates no symptoms; a score of 5 indicates
severe disability; and 6 indicates death.

The presence of HT was determined by control CT,
performed in all patients 24 hours after the procedure
or earlier in cases of clinical deterioration by >4 NIHSS
points.

Invasive mean arterial pressure (MAP) values were
analyzed in patient groups stratified by clinical severity,
functional outcome, infarct size, and presence of HT.

Study design

In all cases, direct intraoperative AP measurements
were performed in the C,-segment of the internal carotid
artery (ICA) proximal to the site of occlusion, both
before and after thrombectomy (ICA-pre and ICA-post,
respectively), and in the M,-segment of the MCA at the
occlusion site prior to MT (MCA-pre) (Fig. 1).

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

http://theunj.org



Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

Invasive AP monitoring was performed under
fluoroscopic guidance in the extracranial segment of the
main artery (C1 segment of the ICA) using a standard
aspiration catheter (length - 132 cm; inner diameter
- 1.80 mm) and in the MCA distal to the thrombus
using a standard microcatheter (length - 153 cm; inner
diameter - 0.81 mm) prior to the deployment of a stent
retriever. The results were recorded using an HP Engage

A

39

Flex Pro portable computer (HP Inc., USA) connected
to a compatible pressure transducer (part of the Philips
Azurion 7 angiographic hemodynamic monitoring
system; Philips Medical Systems Nederland B.V., Best,
Netherlands). After calibration, the transducer was
connected via a fluid-filled line to the catheter cannula.
Calibration of the sensor was performed before each
measurement (Fig. 2).

Fig. 1. Catheter positioning during invasive AP measurement: A - in the internal carotid artery (ICA) before
thrombectomy (via aspiration catheter); B - in the middle cerebral artery (MCA) distal to the thrombus (via
microcatheter); C - in the ICA after thrombectomy. Arrows indicate the location of the distal catheter markers

A

Fig. 2. Invasive AP waveform recording: A - distal to the thrombus in the
middle cerebral artery (MCA); B - proximal to the thrombus in the internal

carotid artery (ICA)

http://theunj.org
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Statistical analysis

Statistical analysis of the obtained data was
performed using the software package “Statistica
7.0” (StatSoft Inc., USA). Descriptive statistics were
presented as means (M) and standard deviations (SD)
or 95% confidence intervals (95% CI) for quantitative
variables. Prior to group comparisons, the normality of
data distribution was assessed using the Shapiro-Wilk
test. All distributions demonstrated no statistically
significant deviation from normality (p>0.05), allowing
the use of parametric methods. Welch'’s t-test was applied
to compare means between two independent groups, as
it accounts for unequal variances and sample sizes.
Paired t-tests (Student'’s t-test for dependent samples)
were used to compare pre- and post-intervention
values within the same subjects. A p-value 0of<0.05 was
considered statistically significant.

Results

Invasive blood pressure monitoring (Table 1)
revealed that the MAP in the ICA prior to achieving
reperfusion during thrombectomy was 113.9+16.5
mmHg, while after reperfusion it decreased to 103.6+13.7
mmHg. A paired t-test showed a statistically significant
difference between these values (t=2.31, p=0.03),
indicating a reduction in MAP following the procedure.
Additionally, the MAP at the occlusion site (MCA-pre)
was 54.8+9.7 mmHg. Comparison of MAP between the
ICA and the occlusion site demonstrated a significantly
lower pressure in the occluded segment both before and
after reperfusion (p<0.001) (Fig. 3).

Table 1. Invasive blood pressure measurements,
mmHg (M+SD)

Group Systolic AP Diastolic AP MAP
ICA-pre 147,2 £ 18,0 | 97,2 £ 23,1 | 113,9 £ 16,5
ICA-post | 140,8 +£ 29,4 | 85,0 £ 13,9 | 103,6 + 13,7
MCA-pre | 66,0 £ 14,8 | 49,0 £ 12,2 | 54,8 £9,7
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Fig. 3. Comparison of invasive arterial pressure values
by measurement site
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The MAP in the ICA prior to reperfusion in the group
of patients with moderately severe neurological deficit
(NIHSS <15 points, n=10) was 119.5+16.7 mmHg (95%
CI: 108.7-130.3 mmHg), whereas in the group with
severe neurological deficit (NIHSS>15 points, n=13), it
was 109.2+14.1 mmHg (95% CI: 100.8-117.7 mmHg).
The difference between the groups was not statistically
significant (t=1.60, p=0.13).

Following reperfusion, MAP in the ICA for the NIHSS
<15 group was 107.8+11.7 mmHg (95% CI: 99.9-115.7
mmHg), while for the NIHSS>15 group it was 101.6+14.1
mmHg (95% CI: 94.1-109.1 mmHg). According to
Welch’s unequal variance t-test, the difference was not
statistically significant (t=1.06, p=0.3).

The mean AP at the occlusion site in the group with
NIHSS <15 was 59.7+4.7 mmHg (95% CI: 56.3-63.1
mmHg), whereas in the NIHSS>15 group it was 51.0+10.9
mmHg (95% CI: 44.8-57.2 mmHg). This difference
was statistically significant (t=2.57, p = 0.02), with a
mean difference of 8.62 mmHg (95% CI: 1.48-15.77
mmHg), suggesting a probable association between
local perfusion pressure and the degree of neurological
impairment (Fig. 4).

When comparing patients with pronounced ischemic
changes (ASPECTS <7 points, n=6) and those with
moderate changes (ASPECTS =8 points, n=17), no
statistically significant differences in MAP values were
observed in the ICA prior to thrombectomy (107.5+15.6
mmHg; 95% CI: 92.0-123.1 mmHg vs. 117.0£16.5
mmHg; 95% CI: 108.5-125.5 mmHg; t=-1.30, p=0.22)
or after thrombectomy (101.2+15.3 mmHg; 95% CI:
85.6-116.8 mmHg vs. 106.4+13.4 mmHg; 95% CI:
99.4-113.4 mmHg; t=-0.68, p=0.51).

Analysis of MAP distal to the occlusion site revealed
a statistically significant difference: in the group with
pronounced ischemic changes, AP was lower (44.3+11.9
mmHg; 95% CI: 32.6-56.0 mmHg) compared to
the group with moderate changes (58.5+5.4 mmHg;
95% CI: 55.6-61.4 mmHg; t=-2.82, p=0.03), with a
mean difference of 14.1 mmHg (95% CI: 1.73-26.54
mmHg). This may indicate the influence of altered
local hemodynamics distal to the occlusion site on the
development of ischemic changes, and suggest that more
severe flow impairment contributes to greater ischemic
injury (Fig. 5).

It was also found that the MAP in the ICA prior to
reperfusion during thrombectomy was slightly higher in
patients with a favorable functional outcome (mRS 0-3
points, n=13) — 118.3+15.9 mmHg (95% CI: 108.9-127.7
mmHg), compared to 110.7+13.3 mmHg (95% CI: 101.3-
120.1 mmHg) in patients with an unfavorable outcome
(mRS 4-6 points, n=10); however, the difference was
not statistically significant (t=-1.34, p=0.19).

After reperfusion, MAP in the ICA did not differ
significantly between groups — 107.5+13.1 mmHg (95%
CI: 100.0-115.1 mmHg) in the mRS 0-3 group and
101.7£13.4 mmHg (95% CI: 92.6-110.8 mmHg) in the
mRS 4-6 group (t=-1.09, p=0.28); the difference did
not reach statistical significance.

In contrast, MAP distal to the occlusion site was
significantly higher in patients with a favorable outcome
— 59.2+5.5 mmHg (95% CI: 55.6-62.8 mmHg),
compared to 49.0+11.1 mmHg (95% CI: 40.9-57.1
mmHg) in those with an unfavorable outcome. This
difference was statistically significant (t=-2.67, p=0.02),
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with a mean difference of 10.2 mmHg (95% CI:
1.92-18.54 mmHg), indicating a potential association
between local perfusion pressure prior to reperfusion
and patients' final functional status (Fig. 6).

It was found that prior to reperfusion during
thrombectomy, MAP did not significantly differ between
patients who developed HT (n=7) and those who did
not (n=16). In the HT group, MAP was 119.3+11.9
mmHg (95% CI: 106.86-131.72 mmHg), compared to
112.7+20.1 mmHg (95% CI: 102.23-123.14 mmHg)
in the non-HT group (t=0.86, p=0.41), indicating no
significant differences in hemodynamic parameters prior
to thrombectomy.

After thrombectomy, a statistically significant
difference was observed: patients with HT had
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substantially higher MAP — 114.4+9.0 mmHg (95% CI:
104.53-124.33 mmHg), compared to 100.4+13.4 mmHg
(95% CI: 91.04-109.84 mmHg) in the non-HT group
(t=2.93, p=0.01). The mean difference was 13.99 mmHg
(95% CI: 3.97-23.99 mmHg), suggesting that elevated
AP in the ICA after thrombectomy was associated with
an increased risk of HT.

Analysis of MAP distal to the occlusion site revealed
no statistically significant differences between groups:
52.0+7.4 mmHg (95% CI: 44.59-59.41 mmHg) in the
HT group vs. 55.1+10.4 mmHg (95% CI: 49.24-60.87
mmHg) in the non-HT group (t=-0.78, p=0.45). This may
indicate that the critical factor is the post-intervention
AP in the ICA, which reflects the impact of reperfusion
on the blood-brain barrier (Fig. 7).

MCA-b

15 points

Fig. 4. Invasive MAP measurements in the proximal segments of the ICA before and after
reperfusion (ICA-pre and ICA-post, respectively), and in the MCA distal to the occlusion site
(MCA-pre), in groups with moderately severe (NIHSS <15 points) and severe (NIHSS>15

points) neurological deficit
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Fig. 5. Invasive MAP measurements in the proximal segments of the ICA before and after
thrombectomy (ICA-pre and ICA-post, respectively), and in the middle cerebral artery
distal to the occlusion site (MCA-pre), in groups with pronounced (ASPECTS <7 points) and

moderate (ASPECTS =8 points) ischemic changes
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Fig. 6. Invasive MAP measurements in the proximal segments of the internal carotid artery
before and after thrombectomy (ICA-pre and ICA-post, respectively), and in the MCA at the
occlusion site (MCA-pre), in groups with favorable (mRS 0-3 points) and unfavorable (mRS

4-6 points) functional outcomes
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Fig. 7. Invasive MAP measurements in the proximal segments of the ICA before and after
thrombectomy (ICA-pre and ICA-post, respectively) and in the MCA at the site of occlusion
(MCA-pre) in patients with and without hemorrhagic transformation

Discussion

Despite significant advances in the treatment of AIS
using MT, the role of local hemodynamics in the region
of distal hypoperfusion remains insufficiently studied.
Most studies are limited to systemic non-invasive AP
measurements, which may not accurately reflect the
true perfusion pressure in the penumbra area near the
site of occlusion [15]. Invasive MAP measurements and
the assessment of hemodynamic parameters obtained
from different segments of intra- and extracranial
arteries provide additional objective information about
cerebral perfusion pressure during endovascular
neuroradiological interventions [16].

Recent experimental studies have demonstrated
that AP measurements in vessels distal to the occlusion

http://theunj.org

more accurately reflect local perfusion and may reveal
significant pressure gradients that remain hidden
during systemic measurements [9]. This is of particular
importance, as adequate perfusion pressure in the
at-risk area can delay infarct progression and preserve
neuronal viability in the penumbra [17]. Furthermore,
impaired cerebral autoregulation during AIS may lead
to discrepancies between local AP and values obtained
through non-invasive techniques.

Cerebral blood flow autoregulation, which typically
maintains stable cerebral perfusion within a MAP range
of 50-150 mmHg, becomes ineffective during acute
ischemia, especially in the presence of marked systemic
hypotension or hypertension [18]. The status of collateral
circulation is a critical modifier of hemodynamics at the
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level of thrombosis. Well-developed collateral pathways
can sustain higher perfusion pressure in distal vessels
and thereby reduce infarct core volume, as supported by
observations showing that patients with better collateral
status had smaller infarcts and more favorable functional
outcomes [19]. However, direct invasive measurements
at the site of occlusion remain limited due to technical
challenges and the risks associated with additional
manipulations during MT. Initial clinical series have
demonstrated that this technique is both feasible and
safe, provided appropriate equipment and experienced
teams are available, and may offer valuable insights for
tailoring individualized AP management strategies during
and after the procedure [20].

The AP distal to the occlusion site may be influenced
not only by the efficiency of collateral circulation but also
by thrombus permeability—such as residual lumen or
porosity. In our study, perfusion through the thrombus
was not assessed using CT perfusion imaging or contrast
angiography. Therefore, the recorded values should
be interpreted as the cumulative result of collateral
blood flow and potential residual blood flow through
the thrombus. This constitutes a limitation of our study
and necessitates further investigation in larger cohorts.

According to the classical Cushing triad, pronounced
ischemia and elevated intracranial pressure are expected
to trigger a compensatory increase in systemic AP.
However, in our study, patients with marked ischemic
changes or unfavorable functional outcomes exhibited
lower MAP in the distal hypoperfusion zone. This
discrepancy may be attributed to the fact that MAP at
the site of occlusion is determined not only by the level
of systemic hypertension but primarily by the status
of collateral circulation and thrombus permeability.
Inadequate collateral supply during massive ischemia
leads to a significant reduction in distal perfusion
pressure, even in the presence of elevated systemic AP.
Moreover, the Cushing triad typically manifests during
later stages of severe cerebral edema and may not be
evident in the acute phase of ischemic stroke.

High AP in the post-reperfusion period may be
associated with an increased risk of HT. An elevation in
systolic AP, particularly within the first 24 hours following
endovascular intervention, can lead to hyperperfusion
states, wherein disruption of the blood-brain barrier
results in hemorrhage into previously ischemic tissue.
Some authors emphasize that not only absolute AP
values, but also AP variability, play a significant role in the
pathogenesis of HT [12]. Post-reperfusion BP elevation
may serve either as a compensatory mechanism to
maintain perfusion of the ischemic penumbra or as
a marker of severe underlying pathology, including
impaired cerebral autoregulation. In some cases,
abrupt AP fluctuations or sustained hypertension can
cause mechanical damage to the vascular wall and
reduce the adhesive properties of endothelial cells,
thereby increasing the risk of HT [21]. Individual patient
characteristics, such as a history of hypertension or
reduced vascular elasticity, may influence the extent
to which post-thrombectomy AP contributes to HT.
Recurrent AP elevations can lead to structural remodeling
of the vascular system, reducing the vessels’ ability to
adapt to reperfusion and making them more vulnerable
to damage under hyperperfusion conditions [22].
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Thus, elevated AP levels and significant variability
in the post-reperfusion period are likely important risk
factors for the development of HT, as confirmed by our
study (p<0.05). Although Welch’s t-test—appropriate
for groups with unequal sizes and variances—was used
for comparisons, interpretation of the results must be
approached with caution due to the relatively small
number of patients in the subgroup with ASPECTS
<7 (n=6), which may limit the statistical power of the
analysis. A similar limitation applies to the subgroup
of patients who developed HT (n=7), where the small
sample size may affect the reliability of the conclusions.

Of particular interest is the observed pattern: higher
AP at the site of occlusion was associated with favorable
functional outcomes, whereas excessive AP elevation in
the ICA after reperfusion was linked to the occurrence
of HT. This dual role of AP underscores the complex
pathophysiology: moderately elevated local pressure
before reperfusion supports collateral circulation and
preserves penumbral viability, while excessive systemic
pressure following restoration of flow may lead to
hyperperfusion, blood-brain barrier disruption, and
secondary hemorrhage. Therefore, a balanced approach
to AP control during and after thrombectomy is essential,
taking into account individual collateral reserve and the
condition of brain parenchyma [23].

Although elevated AP is a common finding in AIS, its
prognostic significance remains insufficiently studied. It
remains unclear whether AP elevation is a direct cause
of HT or merely a marker of severe ischemic injury and
impaired autoregulation. This uncertainty highlights the
need for further studies evaluating AP dynamics during
and after thrombectomy and their relationship to HT.
While modern techniques have shifted the paradigm of
acute stroke treatment and are now considered standard
care, optimal hemodynamic management strategies
in patients with AIS remain unresolved [24]. Progress
in this area may facilitate personalized BP control in
interventional neurosurgery, reduce complication rates,
and improve functional outcomes for patients with AIS.

Conclusions

1. Associations were identified between mean
arterial pressure, measured invasively in intracranial
arteries at different stages of mechanical thrombectomy
for acute ischemic stroke, and stroke severity and
volume, the occurrence of hemorrhagic transformation,
and functional outcomes.

2. Our findings underscore the importance of
investigating local hemodynamics to predict treatment
outcomes in acute ischemic stroke and to develop
personalized blood pressure management strategies
during thrombectomy and in the early postoperative
period.
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Objective: To evaluate the long-term implant-related complications following
anterior-only stabilization of traumatic thoracolumbar injuries and to identify
structural and radiological patterns associated with construct failure.

Materials and methods: A retrospective multicenter study was conducted
at two neurosurgical institutions (Kyiv, Ukraine; Lahore, Pakistan) between
2000 and 2023. Sixteen patients who underwent anterior stabilization at
T11-L2 and developed mechanical complications =5 years postoperatively
were included. Radiographic analysis (CT, X-ray) assessed signs of construct
instability, segmental kyphosis (modified Cobb method), global sagittal balance
(SVA), and bone mineral density (Hounsfield units, HU). Neurological status
was graded using the ASIA scale; pain was assessed via VAS. A complication
severity score was developed based on the type of implant failure. Statistical
analysis was performed using R version 4.0.5.

Results: The most frequent complications were screw-related failures (87.5%),
plate migration (68.8%), and cage subsidence/displacement (31.3%). A direct
correlation was observed between the severity of structural failure and
kyphotic deformity: the median Cobb angles for high-severity cases reached
57°. Global sagittal imbalance (SVA>50 mm) was present in 31.3% of patients,
primarily among those with the most severe failures. Neurological decline
occurred in 25% of cases, exclusively in the presence of marked kyphosis or
implant migration. A bone density < 135 HU was associated with a higher risk
of earlier complication onset (HR = 2.83; p = 0.068). Pain intensity showed
only a weak correlation with structural deformity.

Conclusions: Anterior-only stabilization at the thoracolumbar junction
provides effective decompression and anterior column support but carries
a risk of delayed mechanical complications, particularly in the absence of
posterior reinforcement. The cantilever effect remains a key biomechanical
vulnerability. Patients with HU < 135 should be considered at an elevated
risk. A tailored surgical strategy, meticulous implant positioning, and long-
term radiological surveillance are critical. In cases with poor bone quality or
suspected PLC injury, posterior stabilization may offer superior long-term
outcomes.

Keywords: thoracolumbar junction; anterior stabilization; implant-related
complications; cage subsidence; segmental kyphosis; bone mineral density;
cantilever effect

Introduction

approach are now widely considered viable strategies,

Surgical treatment of thoracolumbar junction
injuries is influenced by a broad spectrum of factors,
including fracture morphology, neurological status,
patient-specific anatomical conditions, and surgeon
preference [1, 2]. The primary objective in managing
such injuries is to achieve effective decompression of
neural elements while restoring or maintaining spinal
stability and alignment, ideally with the minimal number
of segments involved in fixation [3].

Advancements in surgical techniques and implant
technology have enabled the reliable use of short-
segment stabilization using either anterior or posterior
approaches. Single-stage procedures through either

offering a compromise between stability, invasiveness,
and decompression efficacy [4].

The thoracolumbar junction is considered a
biomechanically vulnerable region due to transitional
loading characteristics, making it a frequent site of
traumatic injury [5]. The optimal choice of surgical
approach in this region remains debated, primarily
centered on two competing principles of spinal trauma
surgery [6].

The first advocates for decompression from the
side of the injury—typically via an anterior approach—
allowing direct removal of bone fragments and
reconstruction of anterior column integrity through
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partial corpectomy, interbody cage placement, and
anterior plating [7]. The second favors posterior
approaches, which offer biomechanical advantages, safer
access, and the potential for indirect decompression with
lower complication rates [8, 9]. Posterior transpedicular
instrumentation is widely accepted and broadly utilized
due to its reproducibility and favorable risk profile [10].

As with any spinal instrumentation procedure,
thoracolumbar stabilization carries the risk of
complications. These may be influenced by injury
characteristics, implant selection, surgical technique,
and patient factors. While posterior fixation techniques
and their long-term outcomes especially regarding
construct failure, hardware fatigue, pseudarthrosis, and
alignment loss have been extensively studied, data on
implant-related complications following anterior-only
stabilization remain scarce [11].

Given the increasing use of anterior-only constructs
in select cases, understanding the nature and long-term
risks of this approach is critical. Delayed mechanical
failure, although less frequent than early complications,
may be more challenging to manage and often requires
greater surgical expertise than primary fixation [12].

The aim of this study was to evaluate the long-term
implant-related complications following anterior-only
stabilization of traumatic thoracolumbar injuries and to
identify structural and radiological patterns associated
with construct failure.

Materials and Methods

Study design and setting

This was a multicenter retrospective observational
study conducted between 2000 and 2023. Clinical and
radiological data were obtained from two centers: the
State Institution "Romodanov Institute of Neurosurgery,
National Academy of Medical Sciences of Ukraine” (Kyiv,
Ukraine) and the Punjab Institute of Neurosciences
(Lahore, Pakistan). The study focused on long-term
mechanical complications following anterior-only
stabilization of thoracolumbar junction trauma. All patients
provided informed consent for the processing of their data
in compliance with institutional and ethical requirements.

Eligibility criteria

Inclusion criteria

. History of thoracolumbar junction trauma (T11-
L2) surgically treated via a ventrolateral approach with
anterior-only stabilization;

e Availability of adequate clinical and surgical
records to assess injury characteristics and treatment
parameters;

e Age 218 years at the time of surgery;

. Minimum interval of 5 years between the index
surgery and the documented complication;

. Presence of follow-up imaging (radiographs
and/or CT) sufficient to assess mechanical construct
failure.

While preoperative and early postoperative imaging
were desirable for comparative assessment, they were
not a strict requirement to preserve the inclusion of
cases with long-term follow-up.
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Exclusion criteria

. Documented infectious or inflammatory
complications in the postoperative period;

e Any reoperation or revision at the index level
prior to the complication being analyzed;

. Presence of malignant disease or any severe
decompensated systemic pathology;

. Severe osteoporosis (HU < 80);

. Cognitive, psychiatric, or behavioral disorders
precluding clinical follow-up or valid data interpretation.

Endpoints

The primary endpoint was the identification and
classification of long-term implant-related complications
following anterior-only stabilization of thoracolumbar
junction injuries. Secondary endpoints included the
evaluation of associated deformities (sagittal and
coronal), changes in neurological status, and subjective
pain intensity.

Imaging protocol and measurement techniques

All imaging data were evaluated using RadiAnt
DICOM Viewer (Medixant, Poland; version 2025.1, license
no. 193060A6).

Segmental deformity

Segmental sagittal kyphosis was assessed using a
modified Cobb method, measured between the superior
endplate of the vertebra above and the inferior endplate
of the vertebra below the instrumented segment
[13]. Deformity severity was graded as follows: <10°
- normal/compensated; 11-20° - mild; 21-30° -
moderate; 31-40° - severe; 40° > marked [14].

Global sagittal alignment

The sagittal vertical axis (SVA) was measured as
the horizontal distance between a vertical line dropped
from the center of the C7 vertebral body and the
posterosuperior corner of the S1 body. An SVA <50 mm
was defined as normal; values >50 mm were interpreted
as sagittal imbalance [15].

Bone density assessment

Trabecular bone mineral density was estimated using
HU values from native CT scans. An elliptical (region of
interest) ROI was placed in the anterior two-thirds of
the trabecular part of the L3 vertebral body, avoiding
cortical bone. Classification was based on Pickhardt et
al. (2011): HU >135 - normal bone density; HU 110-135
- osteopenia; HU <110 - osteoporosis [16].

Patients with HU <80 were excluded due to the high
risk of confounding biomechanical instability [17].

Functional and clinical parameters

Neurological function was assessed using the ASIA
Impairment Scale [18]. Fractures were classified using
the AOSpine Thoracolumbar Injury Classification System
[19]. Pain intensity was recorded using a standard
10-point Visual Analog Scale (VAS) [20].

Statistical analysis

All statistical computations were performed using
R version 4.0.5 (R Core Team, 2021) in RStudio version
1.4.1106 (Posit Team, 2025). Continuous variables were
summarized as medians with interquartile ranges (IQR).
Categorical variables were presented as frequencies
and percentages. Between-group comparisons were
conducted using the Mann-Whitney U test or Fisher’s
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exact test, as appropriate. Time-to-failure analysis
was performed using the Kaplan-Meier method, with
the log-rank test applied for group comparisons. Cox
proportional hazards regression was used to estimate
hazard ratios (HR) and 95% confidence intervals
(CI) for complication-free survival in relation to
bone density.

Results

Patient characteristics

Following initial screening, 27 cases met the search
criteria. Of these, 11 were excluded from further analysis
due to factors that precluded objective long-term
evaluation. Specifically, reasons for exclusion included:
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improper implant positioning and/or revision surgery
prior to the identified complication (n = 3), postoperative
infection (n = 2), confirmed oncological pathology (n = 1),
decompensated systemic conditions including diabetes
mellitus (n = 2), and severe osteoporosis (n = 3).

As a result, 16 patients were included in the final
analysis. The mean age at the time of complication
diagnosis was 44.6 years (95% CI: 39.7-49.6), and the
male-to-female ratio was 1.7:1. A detailed breakdown
of the cohort’s demographic and clinical characteristics
is provided in Table 1.

To better illustrate the clinical and radiological
profiles of the complications described below, selected
representative clinical cases are presented.

Table 1. Baseline characteristics of the study population (n = 16)

Parameter Value (95% CI / range)
Sex
- Male 62.5% (35.4-84.8%)
- Female 37.5% (15.2-64.6%)

Age at complication diagnosis (yrs)

45.5 (95% CI: 39-49); range 27-62

Age at injury (yrs)

37.5 (95% CI: 29-41); range 19-47

Interval to complication (yrs)

9.45 (95% CI: 6.8-11); range 5.2-19.4

Mechanism of injury

- Fall

50% (24.7-75.3%)

- Road traffic accident

37.5% (15.2-64.6%)

- Sports-related

12.5% (1.6-38.3%)

Fracture level

- T11 12.5% (1.6-38.3%)
- T12 31.2% (11.0-58.7%)
-1 37.5% (15.2-64.6%)
- L2 18.8% (4.0-45.6%)

Fracture type (AOSpine)

- A4 68.8% (41.3-89.0%)
- B2 12.5% (1.6-38.3%)
-C 18.8% (4.0-45.6%)

Neurological status (ASIA)

-C 6.2% (0.2-30.2%)
-D 37.5% (15.2-64.6%)
-E 56.2% (29.9-80.2%)

Bone mineral density (HU)

- HU = 135 (median HU)

56.2%; 172 HU (95% CI: 141-184)

- HU < 135 (median HU)

43.8%; 121 HU (95% CI: 114-123)

http://theunj.org
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Clinical case 1

Patient K., a 19-year-old female, sustained a
thoracolumbar injury in a motor vehicle accident.
Computed tomography (CT) imaging confirmed a burst
fracture of the L1 vertebral body with minor retropulsion
of bone fragments into the spinal canal. The patient
exhibited no neurological deficit (ASIA grade E). Surgical
management consisted of partial corpectomy via a
ventrolateral approach, placement of a titanium mesh
cage for anterior column support, and stabilization using
an anterior plate fixed to the T12 and L2 vertebral bodies
with screws.

Following rehabilitation, the patient returned to full
physical activity. Five years postoperatively, she began
to report intermittent low back pain following physical
exertion, which did not require analgesic therapy. At
7.3 years postoperatively, she developed new-onset
epigastric pain. After excluding visceral causes, CT of
the thoracic and lumbar spine was performed.

CT imaging revealed complete loosening and
extraction of all fixation screws, along with dislocation of
the anterior plate (Fig. 1 A, B, D). The migrated screws
were found in direct proximity to the abdominal aorta,
with one causing localized indentation of the vessel wall
(Fig. 1E). A pronounced segmental kyphotic deformity
at the instrumented level was noted, with a bisegmental
Cobb angle between T12 and L2 measuring 39.8°.
However, overall sagittal alignment was preserved,
presumably due to compensatory lumbar hyperlordosis.
No segmental or global coronal deformity was observed

Fig. 1. Multiplanar CT reconstructions in Patient K.
: 3D posterior oblique view of the thoracolumbar junction;
: anterior 3D reconstruction;
: anteroposterior scout view;
: isolated 3D view of the displaced instrumentation;

: axial view showing displaced screws in close contact with the abdominal aorta (highlighted in red)

moOm>
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(Fig. 1B, C). Bone mineral density (BMD) was measured
at 192.26 HU (SD 43.82). On clinical examination, the
patient remained neurologically intact. Pain intensity was
3 out of 10 on the visual analog scale (VAS).

Revision surgery was planned, including removal of
the anterior implant and screws, followed by posterior
transpedicular stabilization. Due to the high risk of
intraoperative complications, particularly related to
screw proximity to the aorta, vascular surgical backup
was scheduled. However, the patient deferred the
procedure indefinitely due to family circumstances.

Clinical case 2

Patient H. underwent anterior stabilization of a
thoracolumbar fracture at the age of 16 in 2009. Eleven
years after the initial surgery, she presented with
progressive spinal deformity and chronic lower back pain.

Radiographic and CT assessment revealed implant
failure, anterior construct loosening, and severe
kyphotic deformity. The measured Cobb angle was 69°,
accompanied by global sagittal imbalance (increased
SVA) and segmental instability (Fig. 2).

The patient underwent revision surgery via a
posterior-only approach. The procedure involved
posterior instrumentation with pedicle screws, vertebral
body resection, cage placement, and posterior column
osteotomy for correction of the deformity. Anterior
implants were not revised. Postoperative imaging
confirmed restoration of sagittal alignment and
segmental stability (Fig. 3).
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Fig. 2. Imaging findings in Patient H. prior to revision surgery.
A: 3D lateral reconstruction;
B: lateral scout view;
C: anteroposterior scout view;
D: axial view showing cage subsidence and anterior column failure.

Fig. 3. Postoperative imaging following posterior revision in Patient H.
A and B: 3D lateral reconstructions from left and right sides;
C and D: scout views (anteroposterior and lateral);
E: midsagittal CT reconstruction demonstrating correction of segmental alignment.
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Complication analysis and classification

To facilitate a detailed assessment of complication
patterns and potential causative factors, all confirmed
implant-related abnormalities were categorized into the
following groups:

. structural complications involving the implanted
construct;

e local and global spinal alignment disturbances,
with a focus on the operated segment;

e neurological deterioration and pain-related
clinical manifestations.

Statistical analysis of the recorded complications
revealed the following findings.

Screw-related failures represented the most
prevalent complication group, occurring in 87.5% of
cases. Among these, screw fragmentation was
documented in 6 patients (37.5%), while extraction
of visually intact screws was observed in 9 patients
(56.3%). Notably, screw fragmentation was accompanied
by screw migration in 83.3% of cases. Only one patient
demonstrated an intracorporeal screw fracture without
displacement. A combined failure pattern was observed
in a single patient, where two screws were fragmented
and the remaining two were displaced without structural
failure.

Plate-related complications were also present:
structural failure (fracture) of the anterior plate was

Intersechon size
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identified in 18.8% of cases, and plate migration in
68.8% (11 patients). In 12.5% of cases (n = 2), a specific
failure mode was observed, where the anterior plate had
lost its stabilizing function due to screw failure. Still, it
remained in its anatomical position, maintaining contact
along the vertebral bodies, without frank migration.

Cage migration, representing the most severe form
of anterior construct failure, was identified in 31.3%
of cases. In the remaining patients (n = 11), the cage
remained within the vertebral body but progressive
endplate subsidence and segmental kyphosis were
noted. These findings suggest structural weakening
of the anterior support zone without gross implant
displacement. The frequency and overlap of all implant-
related failure types are presented in Fig. 4.

Severity scoring of implant-related
complications

To provide a standardized framework for evaluating
the clinical relevance of implant-related complications, a
custom complication severity score was developed. This
scale was based on a combination of radiographically
confirmed indicators of construct instability. Each
complication type was assigned a weighted score
reflecting its presumed clinical impact and potential for
functional deterioration. These scores were used for
subgroup comparisons and correlation analysis with bone
mineral density, neurological status, and pain intensity.

mln
|

L & =

9

Complication

Fig. 4. Overlap and frequency of implant-associated failure modes (UpSet plot)

Table 2. Scoring matrix for implant-related complication severity based on combinations of structural failure

Primary complication
4 In‘:tl:v(::\:‘bipnation mi‘g::agteion mizlraatteion misgcrraet‘?:)n fragnr:lear:::ation fragicer:::l;tion Score

Cage migration v v v - - 5
Plate migration X v v - - 4
Screw migration X X v - - 3
Plate fragmentation X x X v - 2
Screw fragmentation X X X X v 1
Notes. v - feature present; X - feature absent; — - presence does not affect score
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Segmental sagittal deformity and structural
failure

The second group of complications analyzed in
this study included secondary deformities within the
previously operated spinal segment. The most common
manifestation was segmental sagittal kyphosis,
observed in 12 patients (75%). Given the biomechanical
characteristics of the thoracolumbar junction, all cases
were classified as kyphotic deformities.

When analyzing the relationship between implant
failure patterns and segmental deformity, the following
trends were noted:

. Cage migration (score 5) was associated with
sagittal deformity in 100% of cases;

e Anterior plate migration (score 4) led to
kyphotic deformity in 83.3% of cases;

. Lower-grade structural failures (scores 3, 2, and
1) demonstrated segmental kyphosis in 50%, 50%, and
0% of cases, respectively.

Due to methodological constraints, it was not feasible
to precisely compare the degree of kyphotic deformity
with early postoperative alignment. Nonetheless, the
available data allowed for a descriptive assessment
of actual segmental deformity and its relationship to
implant failure characteristics.

Quantitative analysis of the bisegmental Cobb
angle revealed a linear increase in deformity severity
in relation to complication score. The most pronounced
deformities were recorded in patients with scores of 4
and 5, with median angles of 34° (IQR: 32-40°) and
57° (IQR: 48-69°), respectively. In contrast, an isolated
intracorporeal screw fracture without displacement
(score 1) did not result in significant sagittal collapse —
the angle measured 8°, corresponding to a compensated
or minimal deformity.

These findings suggest a direct relationship between
the structural severity of implant-related failure and
the degree of posttraumatic segmental kyphosis. The
association is visualized in Fig. 5.

Global sagittal balance and its association with
implant failure severity

The influence of implant-related complications
on global sagittal alignment was of particular clinical
interest. Despite the presence of substantial local
segmental kyphotic deformity in the majority of patients,
analysis showed that signs of global sagittal imbalance,
as defined by the sagittal vertical axis (SVA), were
present in only 31.3% of cases.

Importantly, sagittal imbalance was found almost
exclusively in patients with the most severe implant-
related failures—those assigned a complication severity
score of 5. Only one case of sagittal imbalance occurred
in a patient with a score of 4. No signs of global
malalignment were observed in patients with lower
complication scores.

Several factors may explain this observation:

. First, the most extreme angular deformities
were documented in patients with 5-point complications,
potentially exceeding the spine’s capacity for sagittal
compensation.

. Second, the nature and progression of the
deformity appear to differ based on the type of structural
failure. For example, cage migration may lead to rapid
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loss of anterior support and more abrupt segmental
kyphosis. In contrast, plate migration—in cases where
interbody support remains intact—may result in slower
progression, allowing more time for the development of
compensatory mechanisms such as lumbar hyperlordosis
or pelvic retroversion.

Two representative cases provide support for this
hypothesis. In one, a patient with a bisegmental angle
of 48° and a complication score of 5 exhibited a marked
increase in SVA, consistent with decompensated sagittal
balance. In contrast, another patient with a Cobb angle
of 54° and a score of 4 demonstrated preserved sagittal
alignment, suggesting successful compensation.

Segmental coronal deformity

In contrast to sagittal deformity—which, in
most cases, represented the primary radiographic
manifestation of construct failure—segmental coronal
deformity was observed far less frequently, being
documented in only 25% of cases.

Notably, there was no consistent correlation between
the presence or severity of coronal deformity and the
overall complication severity score. Specifically, coronal
malalignment was identified in two patients with a score
of 3 and in two others with a score of 5 (see Fig. 2). In
the remaining cases, even in the presence of significant
sagittal kyphosis, the coronal profile of the operated
segment remained essentially preserved (see Fig. 1).
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n L= B ] L= ] ] L&)
-
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2 3 B ]
Implant-asscociated complication severity score

Fig. 5. Segmental kyphosis angle (in degrees)
relative to implant-related complication severity.
Notes. Boxplots represent median values and
interquartile ranges of the bisegmental Cobb angle in
each severity group. Dashed lines indicate threshold
values for clinical grading of kyphotic deformity.
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The likely mechanism underlying the development
of coronal deformity in these patients was presumed
to be asymmetric loss of structural support, possibly
due to unilateral screw failure or cage subsidence.
This assumption is supported by detailed radiographic
analysis of individual cases, in which isolated implant
loosening on one side appeared to precede the onset of
coronal angulation.

Neurological decline associated with implant
failure

The third group of complications addressed in this
study involved neurological deterioration as a potential
clinical manifestation of long-term anterior construct
failure. A decline in neurological status was documented
in 4 of 16 patients (25%).

In three cases, the ASIA grade worsened from Eto D,
and in one case from D to C, reflecting the development
of new or progressive neurological deficits during long-
term follow-up.

Analysis of complication severity in these patients
revealed the following distribution:

e Two patients with neurological decline had
complications classified as score 5;

. One patient had a score of 4;

. One patient had a score 3, primarily due to
screw migration.

. It is notable that all patients with neurological
deterioration exhibited relatively high segmental
kyphotic angles:

. In the two score 5 cases, kyphosis measured
75° and 69°, respectively;

. In the score 4 case, the angle was 42°;

. In the score 3 case, although the sagittal
deformity was moderate (28°), a concurrent coronal
deformity of 34° was present, which may have
contributed to neural compromise.

Despite these findings, meaningful statistical
analysis of neurological outcomes was limited by the
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small sample size, which precluded definitive conclusions
regarding causality or predictive risk.

Pain intensity and its clinical correlation

Among all the parameters assessed, pain intensity
proved to be the most variable and least correlated
with the structural manifestations of complications
categorized into the first two groups. Analysis of VAS
scores demonstrated that 56.2% of patients reported
mild pain, 31.2% reported moderate pain, and only
12.5% experienced severe pain.

Attempts to identify a statistically significant
relationship between pain severity and structural
parameters of implant failure were unsuccessful
(Fig. 6A). Moreover, it is worth noting that in one
case, where the only radiographically confirmed sign of
implant instability was an intracorporeal screw fracture
(assigned complication score = 1), the progressive onset
of pain was the primary reason for performing follow-up
CT imaging, which was conducted 6.5 years after the
initial surgery.

Similarly, segmental sagittal deformity exhibited
only a weak correlation with the severity of pain
symptoms. Statistical analysis using Spearman’s rank
correlation coefficient showed no significant association
(p = 0.23; p = 0.38). While an overall trend toward
increasing VAS scores with greater deformity angles
was observed, the severity of pain was not consistently
proportional to the anatomical degree of kyphosis.

This variability may be attributed to the influence
of several additional factors, including individual
differences in pain threshold, the presence of concurrent
degenerative changes in adjacent structures, and
variations in compensatory mechanisms such as postural
adaptation or segmental stiffening. These factors must
be considered when interpreting the clinical significance
of pain in the context of long-term implant-related
failure.

[ ]

i fLo) L]
5 15 25 35 45 56 65 76
Segmental kyphosis angle (%)
B

Fig. 6. A - Distribution of pain intensity (VAS) by complication severity score. B - Correlation between

segmental kyphotic angle and pain intensity (VAS).
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Bone quality and its association with long-term
construct failure

As a potential factor influencing both the timing and
nature of implant failure in the long-term postoperative
period, we investigated BMD using CT-based HU analysis.
This hypothesis was driven by the observation that,
in cases of technically improper implant placement,
complications tend to become clinically apparent much
earlier.

In contrast, even when anterior instrumentation
is placed correctly, the long-term mechanical integrity
of the bone-implant interface may be substantially
influenced by the quality of local cancellous bone.
Progressive trabecular rarefaction, combined with
continuous micro-motion at the implant interface, may
ultimately lead to critical stress concentrations at points
of contact between the implant and the vertebral body.
This biomechanical vulnerability can lead to progressive
failure of fixation, even in the absence of any technical
errors during the initial surgery.

Therefore, bone mineral density should be
considered a potentially modifiable risk factor for
delayed mechanical failure following anterior spinal
stabilization. Our findings provide preliminary support
for this hypothesis (Fig. 7).

According to the results of Cox proportional hazards
regression analysis, a HU value < 135 was associated
with a trend toward increased risk of earlier complication
onset. The calculated hazard ratio (HR) was 2.83 (95%
CI: 0.93-8.67; p = 0.068), suggesting an approximately
threefold increase in risk among patients with lower
bone density. Although statistical significance was not
reached, the direction and magnitude of the observed

Mo complicationprobability
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effect point to a clinically meaningful association between
reduced BMD and construct failure.

Discussion

The results of this retrospective analysis of the long-
term postoperative period highlight several key aspects
related to the use of isolated anterior approaches for
stabilization in thoracolumbar junction injuries. Despite
the theoretical advantages of this strategy—such as
direct decompression of the spinal canal, restoration of
the anterior load-bearing column, and minimization of
the number of instrumented segments—the identified
complications point to the presence of specific, including
delayed, risks that must be carefully considered
when selecting the surgical approach and planning
postoperative monitoring.

Mechanical stability of the construct and its
failure mechanisms

One of the most significant findings in our cohort
was the high incidence of mechanical complications
related to fixation elements—primarily screw loosening
and plate migration. These results are consistent with
previously published data. Early generations of anterior
fixation systems (e.g., AO-ATL-P) were characterized by
limited rigidity of the screw-plate interface, which often
led to loosening and implant migration within several
years postoperatively, occurring in nearly one out of five
cases [21]. Improvements in implant design (e.g., ATLP,
Synthes) have led to more favorable outcomes: in the
series by Wilson J. A. et al., screw breakage occurred
in only 3.2% of cases, with no reported instances of
pseudarthrosis [22].

i [ i [ [
T T 14 T 16

Time to complication (years)

HU group = HU=135 = HU=<135

Fig. 7. Kaplan—-Meier curves showing the time to implant-related complications in relation to

bone mineral density (Hounsfield units, HU)
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A large meta-analysis involving over 700 patients
demonstrated that revision surgery due to mechanical
failure was required in 10.8% of patients following
isolated anterior fixation, compared to 4.7% after
isolated posterior fixation. The overall complication rate
was 30% and 14%, respectively [23]. This disparity is
commonly attributed to the fact that although anterior
constructs offer excellent axial support, they are less
resistant to shear and rotational forces, particularly in
cases of poor bone quality or suboptimal preparation of
the vertebral endplates. Excessive loading on the anterior
implant without supplemental posterior support may lead
to micromotion at the screw—-bone interface, resulting in
osteolysis and, ultimately, clinically significant implant
migration. The timely and solid formation of an interbody
fusion plays a critical role. As the graft consolidates,
axial loads are gradually transferred from the hardware
to the bone, thereby reducing the risk of implant fatigue
and failure [24].

While advances in implant design aim to reduce the
incidence of implant-related complications, outcomes for
isolated anterolateral corpectomy remain inconclusive
[25]. Locking plates can reduce the frequency of screw
migration but do not prevent periscrew osteolysis
and eventual load redistribution, which may lead to
intravertebral fragmentation of fixation elements.
Similarly, telescoping vertebral body replacement
systems—introduced to replace traditional cylindrical
mesh cages—facilitate implantation and allow for
controlled correction of sagittal alignment. However,
their lack of dedicated cavities for bone grafting
essentially eliminates the potential for forming a stable
fusion mass [26]. As a result, complications may not
decrease in frequency but instead shift in character,
often presenting with delayed onset after a prolonged
asymptomatic period.

A critical factor in the biomechanical reliability of
anterior-only spinal stabilization—especially following
corpectomy—is the cantilever effect. In classical
mechanics, a cantilever is a beam anchored at one end
and loaded at the other. Similarly, in spinal surgery, an
anterior fixation system (e.g., a plate and interbody cage)
functions as a cantilevered beam, transmitting significant
compressive and bending forces in the absence of
posterior support. Under physiological loading—
especially during trunk flexion—the entire upper body
weight is transmitted through the anterior construct,
while posterior elements remain unsupported. This
generates a pronounced bending moment in the sagittal
plane, concentrated at the cage-endplate interface.
Without posterior stabilization, the anterior implant
behaves as a fixed lever arm, significantly increasing the
risk of cage subsidence, implant migration, progressive
segmental kyphosis, and ultimately, loss of global
sagittal alignment [27].

As demonstrated by multiple biomechanical and
clinical studies, effective load transfer from the patient
to the implant system requires minimizing the moment
arm and establishing a compressive force across the
construct. This configuration enables the interbody cage
to participate in vertical load sharing, thereby enhancing
overall construct stability [28]. This means that when
properly applied, the plate and screws should generate
targeted axial compression across the cage, enabling
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it to participate in vertical load sharing. However, such
a configuration is technically demanding and depends
on precise implant positioning and meticulous endplate
preparation. Moreover, even under ideal conditions,
the absence of posterior tension-band support remains
a biomechanical limitation: compression can mitigate
the cantilever effect to some extent, but cannot fully
neutralize it [29].

Kyphotic Deformity and Sagittal Imbalance

Progressive segmental kyphosis emerged as one of
the most clinically relevant consequences of mechanical
construct instability. In our cohort, kyphotic angles
exceeding 40° were strongly associated with combined
mechanical failures, including cage dislocation and plate
migration. This finding aligns with previously published
studies, which emphasize that even minor implant
migration can significantly alter sagittal spinal alignment.

While anterior corpectomy with interbody fusion
effectively restores anterior column height and corrects
local kyphosis in the immediate postoperative period,
subsequent failure of secondary interbody fusion or
inadequate fixation may result in gradual subsidence of
the graft or implant protrusion, leading to progressive
kyphotic collapse [25]. The WFNS Spine Committee
recommends maintaining the residual kyphotic angle
below 20°, underscoring the importance of assessing
not only the local angle but also global sagittal alignment
parameters, such as sagittal vertical axis (SVA) and pelvic
incidence-lumbar lordosis (PI-LL) mismatch [14, 30].

A prospective study by Avanzi et al. demonstrated
that even in patients with segmental kyphosis >30°,
quality-of-life outcomes may remain satisfactory as long
as pelvic alignment and lumbar lordosis are preserved
[31]. This is attributed to compensatory mechanisms
such as pelvic retroversion and lumbar hyperlordosis,
which maintain the center of gravity over the femoral
heads and reduce the load on paraspinal musculature.
However, in younger patients with high functional
demands or in those with baseline hyperlordosis, these
compensatory capacities are limited [32]. In such cases,
even moderate increases in kyphotic angulation may
result in chronic back pain, muscle fatigue, and gait
disturbances [33].

For these patients, early detection of correction
loss (typically =5° compared to early postoperative
radiographs) is recommended, along with consideration
of posterior augmentation. Furthermore, kyphotic
deformity at the segmental level has been shown to
increase mechanical stress on both fixation elements
and bone-implant interfaces exponentially. This creates
a positive feedback loop: the more pronounced the
deformity, the higher the mechanical load, and the
greater the risk of further implant-related or structural
failure [34].

Neurological and Functional Outcomes

Spinal canal decompression achieved via anterior
corpectomy is typically radical and durable. In the
series by Wilson et al., none of the 31 patients
experienced neurological deterioration during long-term
follow-up [22]. However, isolated reports in the literature
describe late complications such as cage or screw
migration into the spinal canal, leading to compression
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of the dural sac [30]. Delayed neurological decline is
usually associated with either significant cage collapse
in the setting of severe osteoporosis, or posterior (less
commonly lateral) displacement of a long cortical screw
inserted at an excessive craniocaudal divergence angle
[35]. These events highlight the importance of early
postoperative imaging control and meticulous implant
placement. Specifically, screws should be positioned
within the cortical ring of the vertebral body, and cage
endplates should be closely apposed to the adjacent
vertebral endplates to minimize the risk of subsidence.

In our series, the incidence of neurological worsening
was low. All such cases were associated with major
mechanical failures—marked segmental kyphosis
(>60°), cage collapse, or spinal canal stenosis due to
implant migration. These findings suggest the potential
for delayed neural compromise due to either secondary
compression or vascular insufficiency related to spinal
canal deformation. Biomechanical modeling by Farley et
al. [3] demonstrated that segmental kyphosis exceeding
50° may result in excessive spinal cord tension and
impaired perfusion [36].

Interestingly, the severity of pain did not always
correlate with the degree of mechanical degradation.
Some patients with pronounced structural instability
reported minimal pain, whereas others experienced
significant discomfort in the context of isolated screw
migration. Similar observations have been reported in
the literature, highlighting the complex and multifactorial
nature of post-fixation pain syndromes [37, 38].

Bone Mineral Density and Prognostic Value

Assessment of BMD using HU measurements
revealed a significant correlation between lower HU
values and increased risk of early implant failure. A
prospective analysis by Su et al. demonstrated that
patients with HU < 135 had an almost threefold higher
risk of screw loosening or cage subsidence [39]. The
HU values observed in our cohort are consistent with
these findings.

A growing body of evidence suggests that thresholds
of <110 HU are critical for predicting posterior fixation
failure, while values <135 HU carry similar implications
for anterior constructs [40]. This indicates that
CT-based HU analysis may serve not only as a tool for
assessing fusion status but also as a reliable method for
stratifying patients according to their individual risk of
mechanical failure.

Limitations

This study has several significant limitations that
must be acknowledged. First, the relatively small
sample size (n = 16) limits the statistical power and
generalizability of the findings. Although this reflects
the low frequency of anterior-only stabilization in
thoracolumbar trauma and the rarity of long-term
follow-up beyond 5 years, it nonetheless restricts
subgroup comparisons and predictive modeling.

Second, the retrospective design of the study
introduces an inherent risk of selection and information
bias. Incomplete early postoperative imaging in some
cases limited our ability to quantify deformity progression
over time. While efforts were made to include only cases
with sufficient radiological and clinical documentation,
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variability in imaging quality and follow-up intervals may
have influenced the results.

Third, some outcome parameters—particularly
pain intensity—are inherently subjective and may have
been affected by patient-specific psychological and
physiological factors not captured in this dataset.

Finally, the study cohort was limited to two
institutions, which may influence surgical technique
consistency, rehabilitation protocols, and implant
selection. Multicenter prospective validation in larger
cohorts is warranted to confirm these findings and
further refine risk stratification based on bone quality
and implant design.

Conclusion

Anterior-only stabilization for thoracolumbar
junction injuries remains an acceptable option in
carefully selected clinical scenarios, providing effective
spinal canal decompression and restoration of anterior
column support while minimizing the number of
instrumented segments. However, long-term follow-up
demonstrates the presence of specific risks of mechanical
failure, particularly in the absence of supplemental
posterior support. The most frequently encountered
complications included screw loosening, anterior plate
migration, and cage subsidence—often accompanied
by segmental kyphotic deformity and, in more severe
cases, global sagittal imbalance and delayed neurological
deterioration.

The cantilever effect constitutes a key biomechanical
vulnerability of anterior constructs. Despite ongoing
advancements in fixation technologies, the risk of
delayed structural failure cannot be entirely eliminated. A
Hounsfield Unit value <135 may serve as a prognostically
unfavorable marker and should be considered for
incorporation into preoperative risk stratification.

Given the multifactorial nature of these complications
and their clinical significance, an individualized approach
is essential in selecting the stabilization strategy.
This includes strict adherence to technical principles
of implant placement and long-term radiological
surveillance. In cases of low predicted bone quality,
suspected or confirmed disruption of the posterior
ligamentous complex, or in patients with high functional
demands, isolated posterior stabilization appears to be
a more favorable option.

This study clearly demonstrates that even technically
successful surgical correction of thoracolumbar trauma
via an anterior-only approach does not guarantee the
absence of long-term complications. In contrast to
isolated posterior fixation, where complications tend to
be more predictable, easier to identify, and technically
simpler to revise, patients treated with anterior
corpectomy and stabilization require closer long-term
monitoring. These observations raise doubts about the
routine use of anterior-only constructs in a broad patient
population.

To validate these findings and refine the risk
stratification approach, prospective multicenter studies
with larger sample sizes are warranted. Additionally,
the proposed implant-related complication severity
scoring system should be further standardized, verified,
and—if necessary—refined or modified, to support
the development of evidence-based clinical guidelines
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for selecting the optimal stabilization method in
thoracolumbar junction trauma.

Disclosure
Conflict of interest
The authors declare that they have no conflicts of

interest.

10.

11.

12.

13.

14.

Funding
The study was not sponsored.

References

Costa F, Sharif S, Bajamal AH, Shaikh Y, Anania CD,
Zileli M. Clinical and Radiological Factors Affecting
Thoracolumbar Fractures Outcome: WFNS Spine Committee
Recommendations. Neurospine. 2021;18(4):693-703. doi:
10.14245/ns.2142518.259

Zhao QM, Gu XF, Yang HL, Liu ZT. Surgical outcome
of posterior fixation, including fractured vertebra,
for thoracolumbar fractures. Neurosciences (Riyadh,
Saudi Arabia). 2015;20(4):362-367. doi: 10.17712/
nsj.2015.4.20150318

Xu J,Yin Z, Li Y, Xie Y, Hou J. Clinic choice of long or short
segment pedicle screw-rod fixation in the treatment of
thoracolumbar burst fracture: From scan data to numerical
study. Int I Numer Method Biomed Eng. 2023;39(9):e3756.
doi: 10.1002/cnm.3756

Rajasekaran S, Kanna RM, Shetty AP. Management of
thoracolumbar spine trauma: An overview. Indian J Orthop.
2015;49(1):72-82. doi: 10.4103/0019-5413.143914

Bruno AG, Burkhart K, Allaire B, Anderson DE, Bouxsein
ML. Spinal Loading Patterns From Biomechanical Modeling
Explain the High Incidence of Vertebral Fractures in the
Thoracolumbar Region. Journal of bone and mineral
research : the official journal of the American Society for
Bone and Mineral Research. 2017;32(6):1282-1290. doi:
10.1002/jbmr.3113

Ren EH, Deng YJ, Xie QQ, Li WZ, Shi WD, Ma L, et al.
[Anterior versus posterior decompression for the treatment
of thoracolumbar fractures with spinal cord injury:a Meta-
analysis]. Zhongguo Gu Shang. 2019;32(3):269-277. doi:
10.3969/j.issn.1003-0034.2019.03.015

Mittal S, Rana A, Ahuja K, Ifthekar S, Yadav G, Sudhakar
PV, et al. Outcomes of Anterior Decompression and Anterior
Instrumentation in Thoracolumbar Burst Fractures-A
Prospective Observational Study With Mid-Term Follow-up.
J Orthop Trauma. 2022;36(4):136-141. doi: 10.1097/
BOT.0000000000002261

Kim WS, Jeong TS, Kim WK. Three-column reconstruction
through the posterior approach alone for the treatment
of a severe lumbar burst fracture in Korea: a case
report. J Trauma Inj. 2023;36(3):290-294. doi: 10.20408/
jti.2022.0075

Shokouhi G, Iranmehr A, Ghoilpour P, Fattahi MR, Mousavi
ST, Bitaraf MA, Sarpoolaki MK. Indirect Spinal Canal
Decompression Using Ligamentotaxis Compared With
Direct Posterior Canal Decompression in Thoracolumbar
Burst Fractures: A Prospective Randomized Study. Med J
Islam Repub Iran. 2023;37:59. doi: 10.47176/mjiri.37.59

Moreira CHT, Krause W, Meves R. Thoracolombar
Burst Fractures: Short Fixation, without Arthrodesis
and without Removal of the Implant. Acta Ortop
Bras. 2023;31(spel):e253655. doi: 10.1590/1413-
785220233101e253655

Vilela A, Couto B, Ferreira D, Cruz A, Azevedo J, Pereira
J, et al. Risk factors for failure in short segment pedicle
instrumentation in thoracolumbar fractures. Brain Spine.
2025;5:104266. doi: 10.1016/j.bas.2025.104266

Hu X, Barber SM, Ji Y, Kou H, Cai W, Cheng M, et al. Implant
failure and revision strategies after total spondylectomy
for spinal tumors. J Bone Oncol. 2023;42:100497. doi:
10.1016/j.jb0.2023.100497

Cobb’s Method For Quantitative Evaluation Of Spinal
Curvature: A Review. Journal of Pharmaceutical Negative
Results. 2023:4153-4159. doi: 10.47750/pnr.2022.13.506.550
Yaman O, Zileli M, Senturk S, Paksoy K, Sharif S.
Kyphosis After Thoracolumbar Spine Fractures: WFNS

http://theunj.org

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

Spine Committee Recommendations. Neurospine.
2021;18(4):681-692. doi: 10.14245/ns.2142340.170
Glassman SD, Berven S, Bridwell K, Horton W, Dimar JR.
Correlation of radiographic parameters and clinical symptoms
in adult scoliosis. Spine (Phila Pa 1976). 2005;30(6):682-
688. doi: 10.1097/01.brs.0000155425.04536.f7
Pickhardt PJ], Lee L], del Rio AM, Lauder T, Bruce
RJ, Summers RM, et al. Simultaneous screening for
osteoporosis at CT colonography: bone mineral density
assessment using MDCT attenuation techniques compared
with the DXA reference standard. Journal of bone and
mineral research : the official journal of the American
Society for Bone and Mineral Research. 2011;26(9):2194-
2203. doi: 10.1002/jbmr.428

Shu L, Wang X, Li L, Aili A, Zhang R, Liu W, Muheremu
A. Computed Tomography-Based Prediction of Lumbar
Pedicle Screw Loosening. BioMed research international.
2023;2023:8084597. doi: 10.1155/2023/8084597

Rupp R, Biering-Sorensen F, Burns SP, Graves DE, Guest
J, Jones L, et al. International Standards for Neurological
Classification of Spinal Cord Injury: Revised 2019. Top
Spinal Cord Inj Rehabil. 2021;27(2):1-22. doi: 10.46292/
sci2702-1

Vaccaro AR, Oner C, Kepler CK, Dvorak M, Schnake
K, Bellabarba C, et al. AOSpine thoracolumbar spine
injury classification system: fracture description,
neurological status, and key modifiers. Spine (Phila
Pa 1976). 2013;38(23):2028-2037. doi: 10.1097/
BRS.0b013e3182a8a381

Astrom M, Thet Lwin ZM, Teni FS, Burstrom K, Berg J. Use
of the visual analogue scale for health state valuation: a
scoping review. Qual Life Res. 2023;32(10):2719-2729. doi:
10.1007/s11136-023-03411-3

Thalgott JS, Kabins MB, Timlin M, Fritts K, Giuffre IM.
Four year experience with the AO Anterior Thoracolumbar
Locking Plate. Spinal Cord. 1997;35(5):286-291. doi:
10.1038/sj.5¢.3100399

Wilson JA, Bowen S, Branch CL, Jr., Meredith JW. Review
of 31 cases of anterior thoracolumbar fixation with the
anterior thoracolumbar locking plate system. Neurosurg
Focus. 1999;7(1):el. doi: 10.3171/f0c.1999.7.1.3

P PO, Tuinebreijer WE, Patka P, den Hartog D. Combined
anterior-posterior surgery versus posterior surgery for
thoracolumbar burst fractures: a systematic review
of the literature. Open Orthop J. 2010;4:93-100. doi:
10.2174/1874325001004010093

Cheers GM, Weimer LP, Neuerburg C, Arnholdt J, Gilbert
F, Thorwachter C, et al. Advances in implants and bone
graft types for lumbar spinal fusion surgery. Biomater Sci.
2024;12(19):4875-4902. doi: 10.1039/d4bm00848k

Ortiz Torres MJ, Ravipati K, Smith CJ, Norby K, Pleitez J,
Galicich W, et al. Outcomes for standalone anterolateral
corpectomy for thoracolumbar burst fractures. Neurosurg
Rev. 2024;47(1):816. doi: 10.1007/s10143-024-03049-w
Bhat AL, Lowery GL, Sei A. The use of titanium surgical
mesh-bone graft composite in the anterior thoracic or
lumbar spine after complete or partial corpectomy. Eur
Spine J. 1999;8(4):304-309. doi: 10.1007/s005860050178
Kallemeier PM, Beaubien BP, Buttermann GR, Polga DJ,
Wood KB. In vitro analysis of anterior and posterior
fixation in an experimental unstable burst fracture model.
J Spinal Disord Tech. 2008;21(3):216-224. doi: 10.1097/
BSD.0b013e31807a2f61

Li Z, Liu H, Yang M, Zhang W. A biomechanical analysis
of four anterior cervical techniques to treating multilevel
cervical spondylotic myelopathy: a finite element study.
BMC Musculoskelet Disord. 2021;22(1):278. doi: 10.1186/
$12891-021-04150-7

Calek AK, Cornaz F, Suter M, Fasser MR, Baumgartner S,
Sager P, et al. Load distribution on intervertebral cages
with and without posterior instrumentation. Spine J.
2024;24(5):889-898. doi: 10.1016/j.spinee.2023.10.017
Sharif S, Shaikh Y, Yaman O, Zileli M. Surgical Techniques
for Thoracolumbar Spine Fractures: WFNS Spine Committee
Recommendations. Neurospine. 2021;18(4):667-680. doi:
10.14245/ns.2142206.253

Avanzi O, Meves R, Silber Caffaro MF, Buarque de Hollanda
JP, Queiroz M. Thoracolumbar Burst Fractures: Correlation



Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

32.

33.

34.

35.

36.

between Kyphosis and Function Post Non-Operative
Treatment. Rev Bras Ortop. 2009;44(5):408-414. doi:
10.1016/52255-4971(15)30271-8

Le Huec JC, Thompson W, Mohsinaly Y, Barrey C, Faundez A.
Sagittal balance of the spine. Eur Spine J. 2019;28(9):1889-
1905. doi: 10.1007/s00586-019-06083-1

Hira K, Nagata K, Hashizume H, Asai Y, Oka H, Tsutsui S, et
al. Relationship of sagittal spinal alignment with low back
pain and physical performance in the general population.
Sci Rep. 2021;11(1):20604. doi: 10.1038/s41598-021-
00116-w

McLain RF. The biomechanics of long versus short fixation
for thoracolumbar spine fractures. Spine (Phila Pa
1976). 2006;31(11 Suppl):S70-79; discussion S104. doi:
10.1097/01.brs.0000218221.47230.dd

Iwata S, Kotani T, Sakuma T, Iijima Y, Okuwaki S, Ohyama S,
et al. Risk Factors for Cage Subsidence in Minimally Invasive
Lateral Corpectomy for Osteoporotic Vertebral Fractures.
Spine surgery and related research. 2023;7(4):356-362.
doi: 10.22603/ssrr.2022-0215

Farley CW, Curt BA, Pettigrew DB, Holtz JR, Dollin
N, Kuntz Ct. Spinal cord intramedullary pressure in

37.

38.

39.

40.

57

thoracic kyphotic deformity: a cadaveric study. Spine
(Phila Pa 1976). 2012;37(4):E224-230. doi: 10.1097/
BRS.0b013e31822dd69b

Sanderson PL, Fraser RD, Hall D], Cain CM, Osti OL,
Potter GR. Short segment fixation of thoracolumbar burst
fractures without fusion. Eur Spine J. 1999;8(6):495-500.
doi: 10.1007/s005860050212

Tisot RA, Vieira ]JdS, Santos RTd, Badotti AA, Collares
DdS, Stumm LD, et al. Burst fracture of the thoracolumbar
spine: correlation between kyphosis and clinical result of
the treatment. Coluna/Columna. 2015;14(2):129-133. doi:
10.1590/s1808-185120151402146349

Su YF, Tsai TH, Lieu AS, Lin CL, Chang CH, Tsai CY, Su
HY. Bone-Mounted Robotic System in Minimally Invasive
Spinal Surgery for Osteoporosis Patients: Clinical and
Radiological Outcomes. Clin Interv Aging. 2022;17:589-
599. doi: 10.2147/CIA.S359538

Orosz LD, Schuler KA, Allen BJ, Lerebo WT, Yamout T, Roy
RT, et al. Performance comparison between Hounsfield
units and DXA in predicting lumbar cage subsidence in the
degenerative population. Spine J. 2025. doi: 10.1016/j.
spinee.2025.03.028

http://theunj.org



58

Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

Case Report

Ukrainian Neurosurgical Journal. 2025;31(3):58-62

doi: 10.25305/unj.325815

Transparsinterarticularis approach for resection of a malignant melanotic
nerve sheath tumour of the dorsal spine: A case report
Tamajyoti Ghosh !, Dhruv Agarwal !, Pranjal Kalita ?, Biswajit Dey 2, Binoy K Singh 3

t Department of Neurosurgery,
NEIGRIHMS, Shillong, India

2 Department of Pathology,
NEIGRIHMS, Shillong, India

3 Department of Neurosurgery,
AIIMS Raipur, India

Received: 30 March 2025
Accepted: 21 May 2025

Address for correspondence:
Tamajyoti Ghosh, Assistant Professor,
Department of Neurosurgery,
NEIGRIHMS, Shillong, 793018, India,
e-mail:tamajyoti@gmail.com

Introduction: Malignant melanotic nerve sheath tumours are extremely rare
central nervous system neoplasms. Initially termed as Melanotic schwannoma
the nomenclature was revised in 2020 WHO classification to malignant
melanotic nerve sheath tumour (MMNST). They are rare aggressive peripheral
nerve sheath tumours. In spine, they more commonly occur in the lumbosacral
region (47.2%), followed by the thoracic (30.5%) and cervical (22.2%)
segments. Most common age group affected is between 20-50 years. MMNSTs
often tend to metastasize early and have poor prognosis. Surgical excision
is the mainstay of treatment followed by radiotherapy and/or chemotherapy.

Case report: Here we present the case of a 54-year- old male who presented
with gradually progressive lower limb weakness and hypertonia with bowel
and bladder involvement. Magnetic resonance study of the spine suggested
an intradural extramedullary melanoma at D4 level of spine. The rest of
the physical examination and metastatic workup were unremarkable. The
patient subsequently underwent tumour excision via trans-parsinterarticularis
approach. Histopathological examination was suggestive of malignant
melanotic nerve sheath tumour. Following surgery the patient’s lower limb
weakness improved significantly. At six-month follow-up patient did not show
any signs of recurrence.

Conclusion: Malignant melanotic nerve sheath tumours (MMNSTSs) are
extremely rare highly aggressive lesions that are often misdiagnosed on
neuroimaging. When a spinal tumour arising from a nerve root demonstrating
the characteristic of T1 hyperintensity and T2 hypointensity, MMNST should
always be included in differential diagnosis and metastatic workup, Clinical and
radiological evaluation should be done to rule out other associated syndromes.
Complete surgical excision followed by vigilant follow-up for early detection
of recurrence is recommended.

Keywords: spinal tumour; malignant melanotic nerve sheath tumour;
immunohistochemistry; spine surgery

Introduction

in both lower limbs. On examination the power of both

Malignant melanotic nerve sheath tumours
(MMNSTs) are extremely rare tumours of the central
nervous system [1]. Initially termed as melanotic
schwannoma the nomenclature was revised in 2020
WHO classification to malignant melanotic nerve sheath
tumour (MMNST) [2]. These tumours are rare aggressive
peripheral nerve sheath neoplasms [3]. In the spine
they most commonly occur in the lumbrosacral region
(47.2%), followed by thoracic (30.5%) and cervical
(22.2%) regions [4]. Most common age group affected is
between 20-50 years. MMNSTSs often tend to metastasize
early and have poor prognosis [5]. Surgical excision is
the mainstay of treatment followed by radiotherapy
and chemotherapy [6]. Through this case report we
aim to highlight the presentation and management of
a thoracic MMNST.

Case Report
Here we present a 54-year-old male with two-month
history of gradually progressive weakness and tightness

lower limbs was assessed as grade 2/5 according to
Medical research council (MRC). Hypertonia of grade
3 was noted bilaterally in the lower limbs, and sensory
hypoaesthesia was present in approximately 80% of the
area below the nipple line.

He had bladder and bowel incontinence. The
remainder of his physical examination was within normal
limits. Magnetic resonance imaging (MRI) of his spine
revealed a T1 hyperintense and T2 hypointense lesion at
the level of D4 vertebra. (Figures 1A, 1B, 2A and 2B).
The lesion was homogeneously enhancing on contrast
and was located intradurally and extramedullary on the
left side. A differential diagnosis of metastatic lesion
was made and thorough metastatic workup done, which
however failed to show any primary tumour elsewhere.

The patient underwent left transparsinterarticularis
approach under general anesthesia and tumour was
identified. Grossly, the tumour was blackish in colour,
highly vascular and adherent to adjacent structures
and the dura arising from the exiting dorsal nerve root
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(Fig.3). The tumour was meticulously dissected from the
dura and surrounding tissues; the involved dorsal nerve
root was sacrificed (Fig. 4). The lateral portion of the
tumour was found adherent to pleura and was excised
(Fig. 5). The total duration of surgery was 120 minutes,
with an estimated blood loss of approximately 150 ml.

The patient was mobilized with support the very
next day of surgery, followed by aggressive passive
and active lower limb physiotherapy. Postoperatively,
patient’s lower limb power improved to MRC grade
4/5 and sensory hypoaesthesia reduced by 50%. The
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patient was able to walk with support. Histopathological
examination revealed the tumour as malignant melanotic
nerve sheath tumour (Fig. 6A and 6B). IHC panel showed
HMB45, S100, SOX10 positive, Ki67 index was 3%. GFAF,
BRAF and V600E were negative (Fig.7A and 7B).

The patient was followed up after 6 months
demonstrating substantial improvement in neurological
status and no evidence of recurrence. In the absence
of recurrence at thesix-month months follow-up, no
adjuvant therapy was recommended on multidisciplinary
team meeting.

Fig. 1A. Saggital T2-weighted MRI showing a hypointense lesion compressing the spinal cord at D4

level (red arrow)

Fig. 1B. Axial T2-weighted image showing a hypointense dumbbell-shaped lesion on left side with
significant cord compression extending transforaminally (red arrow)

Fig. 2A. Contrast-enhancing lesion at D4 (red arrow)
Fig. 2B. Coronal section image showing spinal lesion extending to the thorax (red arrow)

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.5. Careful dissection of the lateral portion of the tumour from the parietal pleura (white arrow)
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Fig. 6A. Tumour composed of plump spindle cells arranged in interlacing fascicles.

(H&E, 100X), marked with asterisks

Fig. 6B. Tumour cells obscured by melanin pigment (H&E, 100X)

Fig. 7A. Tumour cells positive for HMB45 (IHC, 400X)
Fig. 7B. Tumour cells positive for S100 (IHC 400X)

Discussion

Malignant melanotic nerve sheath tumour (MMNST)
occurs due to melanogenesis of Schwann cells [7]. The
most common syndromic association is Carney complex
in 50% of cases [5]. Carney complex includes autosomal
dominant disorder comprising of myxomas such as
cardiac, cutaneous and mammary, spotty pigmentation
and endocrine overactivity like Cushing’s syndrome and
acromegaly [8]. Our case had none of the above features
in preoperative clinical and radiological evaluation.
Extramedullary spinal melanotic schwannomas typically
present in the 30-40 years age group [9]. However,
in our case the age of the patient was 54 years old.
According to the literature, about 50% of MMNST
cases has local recurrence or distant metastasis at the
time of detection [9]. Metastatic workup of our case
did not reveal any metastasis. MRI findings includes

T1 hyperintensity and T2 hypointensity in a dumbell
shaped tumour arising from nerve root [10, 11] which
was consistent with our case. However, signal intensity
may vary depending upon the concentration of melanin
[12]. Patients undergoing surgery for MMNST should be
subjected to rigorous follow-up. The differential diagnosis
of MMNST includes leptomeningeal melanocytoma,
ancient schwannoma, pigmented neurofibroma, biphasic
sarcoma, neurilemmoma and melanoma [5].

Conclusion

Malignant melanotic nerve sheath tumours (MMNSTSs)
are extremely rare and highly aggressive neoplasms
that are often misdiagnosed in neuroimaging. Tumours
arising from nerve root having characteristic of T1
hyperintensity and T2 hypointensity, MMNST should
always be included in differential diagnosis. Metastatic
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workup along with clinical and radiological evaluation
should be done to rule out other associated syndromes.
Surgical excision followed by vigilant follow-up for early
detection of recurrence is recommended.
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Aims: To highlight the diagnostic and therapeutic challenges of intracranial
mesenchymal tumors with FET::CREB fusion, emphasizing the role of molecular
diagnostics and immunohistochemistry in accurate identification.

Case report: A 44-year-old male presented with seizures and chronic
headaches. Brain MRI revealed a well-defined, enhancing lesion in the left
frontal lobe with significant perilesional edema. Gross total resection was
performed. Histopathological analysis showed round to oval, spindle, and
epithelioid cells within a mucoid stroma, along with lymphoplasmacytic
infiltration and prominent vasculature. Immunohistochemistry revealed
positivity for EMA, CD99, and Desmin, while molecular testing confirmed the
presence of EWSR1::CREB fusion. Adjuvant chemotherapy with temozolomide
and irinotecan was administered.

Discussion: FET::CREB fusion-positive tumors, a molecular variant of
angiomatoid fibrous histiocytoma, exhibit diverse morphological features
resembling meningiomas or schwannomas. Accurate diagnosis relies on
advanced molecular tools. Treatment primarily involves surgical resection,
with adjuvant therapies tailored to the tumor’s molecular profile.

Conclusion: Early and precise diagnosis using molecular studies is critical for
guiding treatment decisions. Further research is needed to refine therapeutic
strategies and explore targeted therapies for these rare tumors.

Keywords: intracranial mesenchymal tumor; FET::CREB fusion; angiomatoid

fibrous histiocytoma; EWSR1::CREB; CNS tumor; molecular diagnostics

Introduction

Intracranial mesenchymal tumor, FET::CREB fusion-
positive, is a recently recognized provisional entity in
the 2021 WHO Classification of Tumors of the Central
Nervous System [1]. These tumors are mesenchymal,
non-meningothelial in nature, exhibiting a wide
morphological spectrum. Mitotic activity is typically low
(<5 mitoses/mm2), and the tumor architecture may
range from syncytial or sheet-like to reticular or cord-
like structures. The stroma is generally collagenous or
myxoid. The defining diagnostic feature of these tumors
is the fusion between a member of the FET RNA-binding
protein family (EWSR1 or FUS) and a member of the CREB
family of transcription factors (ATF1, CREB, or CREM).
EWSR1::CREB fusion has been identified in angiomatoid
fibrous histiocytoma and clear cell sarcoma [2,3]. Prior
diagnostic terms such as “intracranial myxoid variant
of angiomatoid fibrous histiocytoma” or “intracranial
myxoid mesenchymal tumor with EWSR1::CREB family
gene fusions” are no longer recommended. This report
presents a case of an intracranial mesenchymal tumor,
FET::CREB fusion-positive, located in the left frontal lobe
of an adult patient.

Case report
A 44-year-old male patient presented with a history
of one episode of seizure and chronic persistence

headache for the past 10 years. Brain MRI with contrast
showed a well-defined, lobulated lesion in the left frontal
lobe, extending from the superior to the middle frontal
gyrus, with intense enhancement and hyperperfusion.
Significant perilesional edema was observed in the left
frontal lobe, particularly in the perisylvian region, as
well as in the genu and body of the corpus callosum.
There was also a mass effect on the bilateral lateral
ventricles (Fig. 1). The patient was started on oral
steroids (dexamethasone) and antiepileptic medication
(levetiracetam), resulting in significant improvement
in the headache. Neurological examination was
unremarkable.

The patient underwent a left frontal craniotomy, and
gross total resection of the tumor was achieved.

The tumor was well delineated, with firm and rubbery
consistency, consistent with the MRI findings (Fig. 2).

Postoperative imaging confirmed that a gross total
resection had been achieved (Fig. 3).

Histopathological Findings

Microscopic examination of Hematoxylin and Eosin
(H&E) - stained tissue sections revealed that the tumor
was composed of round to oval, spindle, and epithelioid
cells embedded in mucoid stroma. The tumor periphery
showed a lymphoplasmacytic infiltrate. Amianthoid
fibers-like collagen were observed at the tumor's
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edge, along with microcystic changes and prominent
vasculature. No marked cytological atypia, necrosis,
atypical mitotic figures, or whorling patterns were noted
(Fig. 4). Immunohistochemical staining revealed that the
tumor cells were positive for EMA, CD99, and Desmin.

Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

However, they were negative for GFAP, Synaptophysin,
S-100, CD-34, TTF-1, PR, and Pan-cytokeratin. These
findings were consistent with an intracranial myxoid
mesenchymal tumor.

Fig. 1. MRI images show a well-defined, intensely enhancing lesion in
the left frontal lobe (superior frontal gyrus and extending into the middle

frontal gyrus) with hyperperfusion

EHLLEMNILNTD

Fig. 2. Gross specimen of the
excised tumor
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Fig. 3. Postoperative imaging

Fig. 4. Microscopic images of
tumor sections showing round

to oval and spindle to epithelioid
cells embedded in mucoid stroma,
with lymphoplasmacytic infiltrate,
amianthoid fibers, microcystic
changes, and prominent vasculature

Discussion

In 1979, Enzinger described angiomatoid fibrous
histiocytoma (AFH) as a distinct fibrohistiocytic tumor,
primarily affecting children and young adults, and
resembling a vascular neoplasm [4]. AFH was included
in the 2021 WHO CNS classification as an intracranial
mesenchymal tumor [1]. Intracranial AFH is a rare
primary CNS tumor, with the longest reported patient
outcomes of up to five years and a median progression-
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free survival of 28 months 8 [3]. Patients with subtotal
resections tend to experience local recurrence within
12 months [5].

Histologically, AFH is characterized by a multinodular
proliferation of spindle-shaped or round cells with
syncytial growth, forming bundles surrounded by a
fibrous pseudocapsule, pericapsular lymphoplasmacytic
cuffing, and pseudovascular spaces filled with blood.
Desmin is often expressed, but myogenin or MyoD,

http://theunj.org



66

EMA, and CD68 are negative. Diagnosing AFH remains
challenging due to its overlapping histological features
with other tumors [2, 5].

Intracranial mesenchymal tumors with FET::CREB
fusion represent a molecular variant of AFH. These
tumors are often characterized by a collagenous
stroma and dense intracellular matrix, which may
resemble myofibroblastic tumors, poorly differentiated
carcinomas, or meningiomas. Radiologically, these
tumors typically show hypointense T1 signals and
hyperintense T2 signals, with strong enhancement
following gadolinium administration. Differential diagnoses
include meningiomas and schwannomas, as these tumors
may mimic extra-axial lesions with homogeneous contrast
enhancement and a small dural tail on T1 fluid-attenuated
inversion recovery (FLAIR) [2, 6].

Tauziéde-Espariat et al. described 11 cases of CNS
mesenchymal tumors with FET::CREB fusion. Of these,
six were clustered with DNA methylation patterns, while
the remaining five were similar to extra-CNS tumors
such as angiomatoid fibrous histiocytomas, clear cell
sarcomas, or solitary fibrous tumors [3]. These findings
suggest that FET::CREB-fused intracranial tumors do not
represent a single molecular entity, but rather a family
of related tumors.

Treatment for intracranial mesenchymal tumors is
primarily surgical, with complete resection being the goal.
However, adjuvant therapies, including radiotherapy
and chemotherapy (often sarcoma-based regimens),
have been used in some cases [2, 7]. In our patient,
the initial diagnosis was challenging, but following
a comprehensive immunohistochemical panel and
molecular analysis, the correct diagnosis of intracranial
mesenchymal tumor, FET::CREB fusion-positive,
was established. The patient subsequently received

Ukrainian Neurosurgical Journal. Vol. 31, N3, 2025

systemic chemotherapy, including temozolomide and
irinotecan, tailored to sarcoma protocols, with good
tolerability. The patient exhibited a favorable initial
response to the sarcoma-based chemotherapy regimen,
with good tolerability and no significant adverse
effects noted during treatment. Follow-up MRI at 1
year postoperatively showed no evidence of tumor
recurrence (Fig. 5).

Conclusion

This case highlights the importance of molecular
studies and an extensive immunohistochemical workup
in diagnosing rare CNS tumors, such as FET::CREB
fusion-positive intracranial mesenchymal tumors. Early
and accurate diagnosis is critical to guide treatment
decisions, and personalized therapies based on molecular
profiles may improve patient outcomes. Further studies
and case reports will help refine treatment strategies
and explore novel therapeutic options for these rare
and complex tumors.
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Fig. 5. One-year follow-up brain MRI showing no residual or recurrent lesion in the left frontal region following
gross total resection of intracranial mesenchymal tumor with FET::CREB fusion
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