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Abstract
Traumatic brain herniation (TBH) is a major cause of death after severe traumatic brain
injury (TBI). Surgery can be lifesaving, but outcomes depend on the stage. Identifying
a therapeutic window and validating early clinical markers are essential.
Objective: To investigate the clinical and morphological stages of brain herniation in
patients with severe traumatic brain injury, determine the optimal therapeutic window
for surgical intervention, and evaluate the diagnostic value of early clinical markers of
brainstem dysfunction.
Methods. We conducted a prospective multicenter study in Kazakhstan, enrolling 287
adult patients with severe TBI (GCS < 8) and radiological signs of herniation. Patients
were stratified into five TBH stages based on clinical and morphological features.
Clinical, radiological, surgical, and neurophysiological data were collected via a
harmonized protocol. Surgical methods and brainstem pathology were analyzed.
Results. Of 287 patients, 218 (76%) underwent surgery. Surgical rates varied by stage:
51% (Stage I), 96.4% (1I), 95.2% (11I), 84.2% (IV), and 50% (V). Most procedures (81.2%)
were unilateral lateral craniotomies. Brainstem injury followed a consistent pattern:
diencephalic (I), midbrain (II), pontine (III), medullary (IV-V). Early-stage surgery was
linked to reversible pathology and better outcomes; late-stage surgery showed
irreversible damage.
Conclusions. TBH follows a staged, anatomically consistent progression. Surgery is
most effective in Stages I-1I. The Hyper-H Triad — hyperthermia, hypertonia, hormonal
dysregulation — may signal the need for early intervention. Stage-specific protocols are
key to reducing mortality.

Keywords: traumatic brain injury, brain herniation, decompressive craniectomy,
surgical timing, Hyper-H triad, therapeutic window, brainstem pathology.
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1. Introduction

Traumatic brain herniation (TBH) represents one
of the most devastating sequelae of severe traumatic
brain injury (TBI), carrying a mortality rate that can
exceed 70% in late stages. Despite advances in
neurocritical care and neurosurgical techniques, the
outcomes of patients who progress to frank herniation
remain dismal. The challenge lies not only in controlling
intracranial pressure (ICP) but in recognizing the
dynamic transition from a reversible to an irreversible
state. A central question remains: when is surgical
intervention most effective, and when does it become
futile? Addressing this question requires a structured,
stage-specific approach that aligns clinical, radiological,
and physiological signals with therapeutic action [1,2].

Historically, herniation has been defined
radiologically — by midline shift, obliteration of basal
cisterns, or downward displacement of brain structures
— and clinically, by the onset of anisocoria, abnormal
motor responses, or coma. However, these markers
often emerge when irreversible brainstem injury is
already established. This delay creates a paradox:
neurosurgeons intervene aggressively at the stage when
outcomes are already compromised. Identifying earlier
markers of impending herniation is thus critical to
defining a true “therapeutic window of opportunity”
[3-7].

Recent work has proposed that herniation is not a
binary event but a staged process. In this framework, a
prodromal phase precedes classical signs, characterized
by subtle but measurable systemic and
neurophysiological changes. Among these, the Hyper-
H Triad — a constellation of hyperthermia, hypertonia,
and hormonal dysregulation — has emerged as a
reproducible prodrome of impending transtentorial
herniation. This triad reflects hypothalamic-brainstem
dysfunction at a point when tissue compromise may
still be reversible. If validated, it could serve as a clinical
trigger for early surgical intervention, potentially
shifting outcomes away from late, often futile
decompression toward proactive, outcome-modifying
surgery [4,5,8-10].

The wurgency of defining such markers is
underscored by outcome studies in decompressive
surgery. Survival rates are significantly higher when
patients undergo intervention in the pre- or early
herniation stage compared to those treated after
brainstem signs appear. Yet the absence of standardized

2. Materials and methods

Study Design and Setting

This was a prospective, multicenter observational
cohort study performed at three tertiary neurosurgical
centers in Kazakhstan. The National Center for

prodromal criteria has hindered protocol-based
decision-making. As a result, surgical timing varies
widely across centers, contributing to inconsistent
outcomes and limiting the generalizability of
decompressive craniectomy trials [4,11-14].

Our study series aims to address this critical gap.
The first component evaluates stage-specific outcomes
of surgical intervention, highlighting the stark contrast
between early and late operative timing and
quantifying the therapeutic window. The second
component provides a prospective validation of the
Hyper-H Triad as a predictor of impending herniation,
assessing its sensitivity, specificity, and prognostic
value compared with conventional radiological and
ICP-based indicators. The third component explores the
role of the Hyper-H Triad as a clinical decision-making
trigger, framing it as a practical tool for guiding timely
decompression within standardized protocols.

By integrating stage-specific outcome analysis
with prospective biomarker validation, this series seeks
to move beyond descriptive observations and toward
actionable guidelines. The goal is not only to improve
survival but to enhance functional recovery, shifting the
prognosis of patients with severe TBI who progress
toward herniation. Establishing the Hyper-H Triad as a
reproducible clinical entity, and linking it to surgical
timing, offers the possibility of transforming herniation
management from reactive rescue to proactive
prevention.

In doing so, we propose that herniation should no
longer be viewed as an unpredictable catastrophe but as
a staged process with identifiable thresholds for
intervention. Recognition of the prodromal stage,
operationalized through the Hyper-H Triad, may
redefine the boundaries of neurosurgical opportunity
and provide the foundation for protocol-driven care.
This work, therefore, represents both a conceptual and
practical step toward reducing mortality in one of the
most challenging arenas of neurotrauma.

The objective of this study was to investigate the
clinical and morphological stages of brain herniation in
patients with severe TBI, determine the optimal
therapeutic window for surgical intervention, and
evaluate the diagnostic value of early clinical markers
of brainstem dysfunction.

Neurosurgery in Astana coordinated the study. All sites
followed a harmonized protocol to ensure consistency
in patient recruitment, monitoring, and management.
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Institutional review board (IRB) approval was obtained
at each participating center.

Participants

We included 287 adult patients (=18 years)
admitted with severe TBI, defined as a Glasgow Coma
Scale (GCS) score < 8. Neuroimaging inclusion criteria
were midline shift greater than 5 mm and/or
obliteration of basal cisterns on computed tomography
(CT) or magnetic resonance imaging (MRI). Exclusion
criteria were pre-existing severe neurological disability,
brain death on admission, prolonged anoxic injury (e.g.,
cardiopulmonary resuscitation >5 minutes), life-
threatening extracranial trauma (Injury Severity Score
>25), and absence of informed consent from a legal
representative.

Data Collection

Data were prospectively collected using a
standardized case report form and entered into a
unified REDCap database with centralized auditing
and quality control. Baseline and longitudinal variables
included demographics, mechanism of injury, and time
to intervention. Neurological examination included
GCS, pupillary responses, and focal deficits.
Neuroimaging data captured hematoma volume,
midline shift, basal cistern status, and radiological signs
of herniation.

Neurological staging was based on a rostrocaudal
sequence: level of consciousness, pupillary/corneal
reflexes, ocular motor reflexes, motor responses to pain,
respiratory patterns, and hemodynamic status. Each
patient was assigned to one of five stages.

Autonomic cardiovascular balance was assessed
using the Kerdo Vegetative Index (VI) = (1 - DBP/HR) x
100, where DBP is diastolic blood pressure and HR is
heart rate10.

Outcomes

The primary outcome was the Glasgow Outcome
Scale-Extended (GOS-E) at hospital discharge and 6
months post-injury. Secondary outcomes included
hospital mortality, duration of mechanical ventilation,
postoperative complications, and the need for repeat
neurosurgical procedures.

Phenotypic Classification

Patients were stratified into TBH based on clinical
and radiological features. Brainstem involvement was
assessed using the Brainstem Singularity Scale (BSS).
This classification was used to model progression and
to assess stage-specific therapeutic responses.

Statistical Analysis

Statistical analyses were conducted using Statistica
12.0 (StatSoft Inc, USA). Descriptive statistics

summarized baseline data. Between-group
comparisons used Student’s t-test for parametric
variables and chi-square or Kolmogorov-Smirnov tests
for nonparametric variables. Predictors of poor
outcome were identified using multivariate logistic
regression. Receiver operating characteristic (ROC)
curves assessed discriminative performance. Survival
analysis employed Kaplan-Meier estimates and Cox
proportional hazards models. Statistical significance
was set at p<0.05. For missing data, variables with >30%
missingness (e.g., EEG) were excluded from primary
models, while multiple imputation was applied for
other incomplete data.

Subgroup and Exploratory Analyses

Subgroup comparisons were conducted across
TBH phenotypes. Therapeutic window modeling
examined the association between surgical timing and
clinical outcomes.

Clinical Management Protocols

All patients were managed in accordance with the
National Clinical Guidelines for Severe TBI, approved
by the Ministry of Health of the Republic of Kazakhstan.
These guidelines standardized sedation strategies, ICP
management, surgical indications, and postoperative
care across centers. Local deviations were documented
and reviewed centrally.

Research Transparency

This study adheres to established standards of
scientific rigor and methodological transparency. The
study protocol was preregistered on the Open Science
Framework (OSF) wunder the identifier DOI:
10.17605/0OSE.IO/K5V7G, ensuring transparency of
hypotheses, design, and planned analyses [15].

This subanalysis was part of a prospective
multicenter cohort study conducted between January
2022 and March 2025 in the emergency neurosurgical
units of three urban clinical centers. As this was a non-
interventional observational study, clinical trial
registration was not required wunder ICMJE
(International Committee of Medical Journal Editors)
guidelines.

Ethical aspects

The protocol for this study was approved by the
Local Bioethics Committee of the National

Neurosurgical Center (protocol No. 1 dated February
16, 2026).
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3. Results

Patient Distribution and Surgical Rates

A total of 287 patients with TBH were enrolled
across all participating centers (Figure 1).

Distribution across herniation stages demonstrated
a progressive decline in patient numbers with advancing
severity. Stage I included 110 patients, Stage II 83, Stage
III 63, Stage IV 19, and Stage V 12. Surgical intervention

rates varied markedly by stage. In Stage I, 51.0% of
patients underwent operative treatment, reflecting a
relatively selective approach at this prodromal stage. By
Stage II and Stage 111, operative rates reached 96.4% and
95.2%, respectively, reflecting a high degree of surgical
responsiveness once radiological and clinical signs of
herniation were established.

Stratification of Patient Cohort by Herniation Stage and Prodromal Criteria

Full Cohort 53% |
n=287 (100%]) \

Stage V Progression
n=47 (16%)

Stage | Progression
n=56 (20%)

Hyper-H Triad
n=61 (21%)

Prodromal Subcohort
n=94 (33%)

Figure 1 - Stratification of patient cohort by herniation stage and prodromal criteria. Distribution of patients across five stages of
TBH and identification of the prodromal Hyper-H triad. Values are expressed as percentages of the total cohort (N =287)

In Stage IV, 84.2% of patients underwent surgery,
while in Stage V—marked by medullary destruction—
only 50.0% received operative treatment, typically in

an attempted salvage setting. Overall, 218 of 287
patients (76.0%) were managed surgically (Table 1).

Table 1 - Distribution of Patients and Surgical Interventions by TBH Stage

Operated (%)

TBH Stage Number of Patients Operated (n)
I 110 56 51.0%
I 83 80 96.4%
I 63 60 95.2%
v 19 16 84.2%
\Y 12 6 50.0%
Total 287 218 76.0%

Note: Operative rates peaked at Stages II-1I1, indicating maximal surgical responsiveness to radiological herniation signs. The decline in
Stages I and V reflects, respectively, early diagnostic uncertainty and limited salvageability in terminal deterioration

Surgical Approaches

Among the 218 operated patients, unilateral
lateral craniotomy was the predominant surgical
procedure, performed in 177 cases (81.2%). Other
approaches included bilateral lateral craniotomy in 14
cases (6.4%), bifrontal craniotomy in 12 (5.5%), and

extended lateral craniotomy in 8 (3.7%). Less frequent
procedures were anterolateral craniotomy (n=3; 1.4%)
and exploratory burr holes (n=4; 1.8%).

https://doi.org/10.53498/89a1p966
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This distribution highlights the overwhelming
reliance on unilateral lateral decompression as the
standard surgical response to TBH, with alternative

approaches reserved for anatomically complex or
refractory cases (Table 2).

Table 2 - Surgical Approaches in Patients with TBH

Surgical Approach Number of Patients (n) Percentage (%)

Unilateral lateral 177 81.2%
craniotomy

Bilateral lateral craniotomy 14 6.4%
Bifrontal craniotomy 12 5.5%
Extended lateral craniotomy 8 3.7%
Anterolateral craniotomy 3 1.4%
Exploratory burr holes 4 1.8%
Total 218 100%

Note: Unilateral lateral craniotomy was the dominant approach (81.2%), reflecting its practicality in emergency decompression. Less
frequent methods, such as bifrontal or extended craniotomies, were reserved for complex or refractory cases)

Stage-Specific Brainstem Pathology o

Morphological analysis of brainstem injury across
TBH stages revealed a staged and anatomically
consistent progression.

e Stage I: Pathology was dominated by
diencephalic hemorrhage and ischemia, with
hemorrhages localized to the hypothalamus and
thalamus and early ischemic foci.

e Stage II: Midbrain involvement became
evident, with hemorrhages in the tectum and
tegmentum, alongside ischemic lesions within the
central gray.

Stage III: Predominant injury shifted to the
pons, characterized by extensive hemorrhage in the
basilar pons and rupture of perforating vessels.

e Stage IV: Lower pontine and medullary
regions demonstrated large necrotic areas with
disruption of the reticular formation, correlating with
advanced neurological deterioration.

e  Stage V: Global medullary destruction was
observed, including necrosis of cardiorespiratory
centers, representing the terminal phase of herniation
pathology (Table 3).

Table 3 - Brainstem Morphological Changes by Stage of TBH

TBH Stage Predominant Brainstem Pathology Key Findings
I Diencephalic hemorrhage and ischemia Hemorrhages in hypothalamus/thalamus;
early ischemic foci
II Midbrain involvement Hemorrhages in tectum and tegmentum;
ischemic lesions in central gray
I Pontine injury Extensive hemorrhage in basilar pons;
perforating vessel rupture
v Lower pontine and medullary injury Large necrotic areas, reticular formation
disruption
\% Medullary destruction Global necrosis, cardiorespiratory centers

destroyed

Note: Progressive caudal spread of hemorrhagic and ischemic injury marks advancing TBH severity

https://doi.org/10.53498/89a1p966
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These findings confirm that TBH progression is
not abrupt but rather follows a predictable anatomical

(Figure 2).

sequence from diencephalic to medullary structures

Figure 2 - Representative histopathological features of brainstem structures across TBH stages -V in severe traumatic
brain injury, compared with normal brain tissue.

(A) TBH Stage I — Subcortical zone: Edematous white matter with a reticular (spongiform) appearance, vascular
thrombosis in areas of perivascular hemorrhage, and reactive microglial migration. Hematoxylin and eosin staining,
magnification x200. (B) TBH Stage Il — Thalamus: Neuronal nuclei with marked structural alterations, including karyolysis,
granular cytoplasmic degradation, and cellular shrinkage. Nissl staining, magnification x400. (C) TBH Stage 111 — Rostral pons:
Reactively altered neurons are swollen and enlarged, with thickened processes and signs of chromatolysis. Cytoplasm contains
abundant lipofuscin granules (“wear-and-tear” pigment), and areas of neuronal dropout with ghost cells are evident. Nissl
staining, magnification x400. (D) TBH Stage 1V — Pons: Severe neuronal damage characterized by blurred and irregular cell
contours, karyorrhexis, and granular disintegration of Nissl substance. Nissl staining, magnification x400. (E) TBH Stage V —
Medulla oblongata: Spongy degeneration of the tissue, irregularly thickened fibers, and microglial activation. Hematoxylin and
eosin staining, magnification x200. (F) Control — Normal brain tissue: Preserved neuronal morphology with intact cell
contours, evenly distributed Nissl substance, and absence of pathological alterations. Hematoxylin and eosin staining,
magnification x200

Integrated Stage—Surgery—Outcome Dynamics

The combined analysis of patient distribution,
operative rates, and pathological findings underscores
the critical importance of stage-specific surgical timing.
While nearly all patients in Stage II and III underwent
surgery, outcomes were contingent on the underlying
degree of brainstem injury. Early stages (I-II) were
associated with potentially reversible pathology and
higher likelihood of functional recovery, whereas late
stages (IV-V) were characterized by necrotic or
destructive lesions, limiting the effectiveness of
surgery despite high intervention rates.

4. Discussion

This prospective multicenter study provides stage-
specific insights into the outcomes of surgical

Notably, the relatively lower operative rate in
Stage I reflects current clinical hesitancy to intervene
surgically in prodromal cases without overt herniation
signs. However, the morphological data suggest that
Stage I injury is largely diencephalic and potentially
reversible. This highlights the therapeutic dilemma:
operating earlier may offer the best chance to prevent
progression, but requires reliable prodromal
markers—such as the Hyper-H Triad—for timely
identification.

intervention in TBH. Our findings demonstrate that
surgical effectiveness is strongly dependent on the

https://doi.org/10.53498/89a1p966
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herniation stage at the time of intervention. Surgical
intervention is most effective in Stages I-II, where
brainstem pathology is limited and potentially
reversible. By contrast, surgery in Stages IV-V is
associated with irreversible injury, explaining poor
outcomes despite high surgical rates.

The predominance of unilateral lateral craniotomy
across all stages underscores its role as the standard
operative technique, while alternative approaches
remain rare. Together, these findings define the
therapeutic window of opportunity in TBH and
establish the morphological basis for stage-specific
outcome differences. While operative rates were high
across all but the terminal stage, outcomes were
markedly divergent, underscoring the importance of
defining a therapeutic window of opportunity.

Stage-specific outcomes and the therapeutic
window. The analysis revealed that patients operated in
Stages I and II achieved the most favorable outcomes.
Morphological data indicate that pathology in these
stages is largely confined to diencephalic and midbrain
structures, where injury may still be reversible. In
contrast, patients in Stages IV and V exhibited extensive
pontomedullary  necrosis and  destruction of
cardiorespiratory centers, limiting the efficacy of
decompressive surgery despite frequent intervention.
These findings align with earlier observations that late
decompression rarely improves survival or functional
recovery. Collectively, the results highlight that the
window for meaningful surgical benefit lies within the
prodromal and early herniation stages.

A central implication of our study is the potential
role of the Hyper-H Triad — hyperthermia, hypertonia,
and hormonal dysregulation — as a prodromal marker
for impending herniation [16-18].

Our findings expand on prior decompressive
craniectomy trials such as DECRA and RESCUEicp,
which reported conflicting survival and functional
outcomes. These trials did not stratify patients by
herniation stage, potentially obscuring the therapeutic
impact of early versus late intervention. By integrating
stage-specific pathology with clinical outcomes, our
data support the concept that heterogeneity in surgical
timing contributes significantly to the variability
observed in prior studies [19-22].

In Stage I, where operative hesitancy was most
evident, pathology remained potentially reversible.
However, without reliable clinical indicators, timely
intervention was inconsistent. The Hyper-H Triad
offers a reproducible clinical signal that may guide
neurosurgeons toward earlier decompression, reducing
reliance on late radiological or neurological signs.
Validation of this triad across diverse cohorts could
standardize early recognition and transform surgical
timing into a proactive rather than reactive decision.

Surgical approaches and practice implications

Unilateral lateral craniotomy was the predominant
intervention across all stages, reflecting its status as the
standard operative technique. Alternative approaches —
bilateral, bifrontal, or extended lateral craniotomies —
were reserved for anatomically complex or refractory
cases. While the choice of surgical approach was
relatively uniform, outcomes were primarily dictated
by timing and underlying brainstem pathology rather
than technique. This suggests that refining surgical
decision-making window may be more impactful than
modifying operative approaches [23-26].

Highlights:

e TBH progresses through anatomically
distinct, predictable stages.

*  Surgical effectiveness is highest in Stages I-1I,
defining a narrow therapeutic window.

*  Stage-specific pathology shows reversible
diencephalic/midbrain  injury early, necrotic
pontomedullary lesions late.

¢  The Hyper-H Triad emerges as a reproducible
prodrome signaling impending herniation.

*  Protocol-based decision-making using stage
and prodromal markers may improve survival and
outcomes.

Limitations

Several methodological considerations should be
acknowledged. The observational design limits causal
inference, and unmeasured confounders cannot be fully
excluded. External validation in broader clinical
settings is warranted to support generalizability.
Although long-term outcomes were not systematically
captured, the present findings consistently demonstrate
stage-dependent surgical responsiveness.

TBH should no longer be regarded as a
catastrophic or random event, but rather as a staged and
structured process with definable thresholds for
intervention. The Hyper-H Triad represents prodromal
clinical indicators that anticipate progressive
displacement and delineate the optimal surgical
window. By linking early autonomic and hemodynamic
shifts to actionable decision points, this framework
bridges the conceptual gap between classical Cushing’s
and Sympathetic Triads and modern, physiology-based
timing of decompression.

Future directions

Future research should prioritize multicenter
prospective validation of the Hyper-H Triad as a clinical
trigger for surgical decision-making. Integration of this
prodrome into standardized protocols may enable
consistent early intervention, particularly in Stage I
patients.

https://doi.org/10.53498/89a1p966
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Advanced monitoring techniques, such as
continuous TCD and multimodal neurophysiology,
could further refine the identification of the therapeutic
window.

5. Conclusions

TBH should no longer be viewed as a catastrophic,
unstructured event but as a staged process with
identifiable thresholds for intervention. Our findings
demonstrate that surgery is most effective in the
prodromal and early stages, when pathology is
potentially reversible. The Hyper-H Triad provides a
promising clinical framework for recognizing
impending herniation and guiding timely surgical
action. By redefining the boundaries of the therapeutic
window, these results lay the foundation for evidence-
based, protocol-driven care in severe TBI.
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bac MubIHBIH XapaKaTTaH KeliiHIi OpHbIHAH BIFBICYBI Ke3iHAeri epTe 4eKOMITpeCcCUBTi
XUPYPIMSIHBIH KAMHMUKaAbIK Tpurrepi peringeri Hyper-H Tpmnagaacer: lllemiM KkaOblagayra
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Tyiingeme

bac MuBIHBIH >KapakaTTaH KeiiHTi OpHBIHAH BIFBICYHI (aucaokanysicel) (BMJKO) ayerp 6ac-mu >kapakaThIHaH
(BMX) keitinri @4iM-XiTiMHiH 6acTsI ce0ebi 0051 TaObLAaABl. XMPYPIMAABIK, apadacy eMAeAyIIiHiH eMipiH cakTar
KaAybl MYMKiH, Oipak eMHiH HoTM>KeAepi IMPOIIeCTiH caThICbIHA OallaaHBICTHL. TepareBTik TepeseHi aHBIKTay >KoHe
epTe KAMHMKAABIK MapKepAepai Baanganusaay aca MaHbI3AbI KAVHMKAABIK JKoHe 001>KaMABIK MIHTe I1e.

3eprTeyain MakcaTsl: ayslp BMJK Oap emaeaymrisepae 6ac MUBI AMICAOKAIVIICHIHBIH KAWHMKAABIK >KoHE
MOP(POAOTMAABIK CaTBLAAPBIH 3epTTey, XUPYPTUAABIK apalacy YIIiH OHTallAbl TepalleBTiK Tepe3eHi aHBIKTay >KoHe
M1 OaFaHachl KbI3MeTiHiH OY3BLAYBIHBIH epTe KAMHMKaABIK MapKepAepiHiH 4MarHOCTUMKAABIK KYHABLABIFBIH Oaraaay.

Oaicrepi. biz Kazakcranaa aysip BMIK (I'1asronsrH KoMa 1m1kaaacst 6oiibiHIIa < 8) Oap sKoHe AMCAOKalVITHBIH
peHTreHAiK Oearizepi aHbIKTaaraH 287 epeceK eMAeAYIIiHi KaMTWUTHIH IPOCHEKTUBTI KOIIOPTAABIKTH 3epTTey
Kyprizaik. EMaeayitiaep KAMHMKaABIK-MOPPOAOTHAABIK Geariaepi Herizinage BMJKO-ub1H 5 caThichIHa KiKTeaAl.
KannmxaaslK, peHTTeHOAOTMAABIK, XUPYPIMAABIK JKoHe HepopMU3NOAOIIIABIK AepeKTep yildecTipiareH xartama
apKbLABI JKMHAAABL. XUPYPIVIAABIK 94icTep MeH MM OaFaHACBIHBIH IIaTOAOTVACHIHA TaaAay >Kacaaabl.

Hoetioxeaepi. 287 emaeaymining 218-ine (76%) ora >Kacaaabl. XMpyprusaablK OelceHAiAiK AeHreli caTelaap
OorieHIIa 9pTYpAi 60441 51% (1), 96,4% (II), 95,2% (III), 84,2% (IV) >xane 50% (V). OtaaapasH xermrriairi (81,2%)
Oip>KaKTHI AaTepaabli KpaHMOTOMMS d94iciMeH OpBIHAAaAABl. My GaraHaCBIHEIH 3aKbIMJaHYHI 3aHABI CUIIaTTa ©p0iAi:
ausHnedaavai (I), opragrsr mu (II), kenip (III), comaxmma mu (IV-V). EpTe caTblaapaarsl XMpypTysl IaTOAOTVISTHBIH
KalITBIMABLABIFBIMEH JKOHe >KaKChl HOTUKeAepMeH Oaifa1aHbICTeI 001461, COHFBI caThLAapAaFbl OTadap KalTBIMCEI3
3aKbIMJaHyAapAbl KOPCETTi.

Kopsrrsiaasl. BMJKO aHaTOMMSIABIK TYPFbIAA ADVIEKTI TypAe AQMUTBIH CaThIABI IIPOIIECC OOABII TaObLAaABbL.
Xupyprsiaslk apaaacy I-II catelaapaa Oapemama tnimai. Hyper-H Tpuagacer — rumeprepmms, IMIepTOHYC,
TOPMOHABIK peTTeAyAiH OY3BLABICTaphl — epTe apajacy KasKeTTiairi Typaast Oeari Oepe aaaasl. CaTbLaapAnl eckepe
OTEHIPHIII XaTTaMalapAbl 93ipaey eaiM-KiTiMal a3aliTyAbIH Herisri paKTOpbl 60ABIIT TaObL1aABI.

Tyiin ce3aep: Gac-Mu >KapakaThl, Oac MMUBIHBIH OpPHBIHAH BIFBICYBI, A€KOMIIPECCHBTI KpaHUDKTOMILI, OTa
>Kacay yakpITel, Hyper-H Tpmagace, TeparesTik Tepese, My GaraHaCBIHBIH IIaTOAOTMACHL.

Tpmnapa Hyper-H Kak KanHmdeckmin Tpurrep Aasi paHHe 4eKOMITPeCCUBHOM XVIPpypIrumn
IIpU TPaBMaTMIeCKOM AMICAOKALIVIVI TOAOBHOTO MO3ra: 3HadeHle AAsl HIPUHATVS pelleHMi
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Pesome
TpaBMmaTmdeckoe BKAMHeHNe (A1CA0KaI M) To10BHOTO Mo3ra (TBI'M) siBasieTcst OCHOBHOI IPUYMHON CMEPTH
Toc/Ae TsKeAOl yepernHo-mMo3rosoii TpasMel (UMT). Xupyprudeckoe BMeIIaTeAbCTBO MOXKET CIIACTM >KM3Hb, HO

https://doi.org/10.53498/89al1p966


https://orcid.org/0000-0001-6881-8675
https://orcid.org/0009-0004-0138-9350
https://orcid.org/0009-0002-2259-4914
https://orcid.org/0000-0002-3606-2874
mailto:baglan.mustafaev@ncn.kz
mailto:alina.mustafaeva@ncn.kz
mailto:askar.bakhtiyaroz@ayu.edu.kz
mailto:nkabuevich@gmail.com
https://orcid.org/0000-0001-6881-8675
https://orcid.org/0009-0004-0138-9350
https://orcid.org/0009-0002-2259-4914
https://orcid.org/0000-0002-3606-2874
mailto:baglan.mustafaev@ncn.kz
mailto:alina.mustafaeva@ncn.kz
mailto:askar.bakhtiyaroz@ayu.edu.kz
mailto:nkabuevich@gmail.com

Kaz | Clin NeuSci. 2026, 79 (2)

MCXOABI 3aBUCAT OT cTaauu mpollecca. OnpeseseHne TeparneBTMUYeCKOTO OKHa U BaAMAAIlUsl paHHUX KAMHUYECKMX
MapKepoB UMEeIOT BaskHelllllee KAMHNYECKOe I IIPOTHOCTIYeCKOe 3HaueHMe.

Lleap mccaegoBaHMs: U3YYUTh KAMHUYIECKNE ¥ MOP(OAOIMYECKIe CTaAUl BKAMHEHUs TOAOBHOTO MO3ra y
nanueHTtoB ¢ Tsokeaoit UMT, ompegeauTh onNTHMaadbHOe TepalleBTMUeCKOe OKHO A4Sl XUPYPTUYecKOro
BMeIllaTeAbCTBA M OLIEHUTh AMArHOCTMYECKYIO IIeHHOCTh PaHHMX KAMHMYECKMX MapKepoB AMCPYHKLIUMU CTBOAA
MO3ra.

Metoapl. MbI IpoBeAn ITpOCIIeKTUBHOE MHOTOIIEHTPOBOe 1ccaeloBaHme B Kasaxcrane, B KoTopoe somian 287
B3pocabix manueHtos c Tskeaoit UMT (IIkaaa xomer I'aasro < 8) M peHTreHOAOTMYeCKMMM IIpU3HaKaMU
aucaokauyn. IlanmenTst 661au crpaTuduunposansl Ha 5 cragnit TBIM Ha ocHOBe KAMHUKO-MOP(OAOTMIECKIX
Hpu3HaKoB. KAnHMYecK1e, peHTreHOAOTMYeCKIe, XUPYpPTUIecKIe 1 HelipopU310A0rndecKre JaHHble COOMpaanch
C TOMOIILI0 TApMOHM3MPOBAHHOIO IIPOTOKOAa. bbla IpoBeJeH aHAaAM3 XUPYPIUIECKUX MeTOAOB UM MHaTOAOTUM
CTBOZa MO3Ta.

Pesyavpratsl. V3 287 naumentos 218 (76%) O6b1am mpoonepupoBaHbl. YacToTa XMpyprudeckux BMelaTeAbCTB
BapbUpoOBada B 3aBucuMOocCTy OT cragun: 51% (I craans), 96,4% (1), 95,2% (111), 84,2% (IV) n 50% (V). boasimmHcTBO
BMeItnaTeAbCTs (81,2%) mpeacraBasan coboit 04HOCTOPOHHIOO AaTepalbHyIO KpaHnoroMuio. [loBpeskaenne crsoaa
MO3ra c/Ae40Bal0 3aKOHOMepHOI1 cxeMe: AnsHIiedaabHoe (I), cpeanero moara (II), mocra (I1I), mpoaoarosaToro moara
(IV=V). Xupyprust Ha paHHUX CTaguAX Oblla CBs3aHa ¢ OOPaTMMOCTBIO IMATOAOTMM U AYYIIMMU MCXOJaMU, Ha
MO3AHMX CTaAVSIX BBIABASANCH HeOOpaTUMBble TTIOBPeKAeHN .

BoiBogpl. TBI'M mpoTekaeT cTaguMifHO, C aHaTOMMYeCKU I10CAelOBaTeAbHBIM IIpOrpeccHpOBaHMEM.
Xupyprmuueckoe BMeIlaTeAbCTBO Hamboaee Bq)(l)eKTI/IBHO Ha I-II cragmax. Tpuaga Hyper-H — runeprepmmns,
TUIIEPTOHYC, TOPMOHAaAbHasA AUCPeryAsiliuag — MOXKeT CAYXUTb CUTHAA0M K HeoOXOAMMOCTU paHHero
BMelraTeAbCTBa. PazpaboTKa IPOTOKOAOB C y4€TOM CTaAUI SBASIETCS KAIOUEBBIM (PAKTOPOM CHIVKEHISI CMEPTHOCTI.

KaioueBble caoBa: 4YepenmHO-MO3IOBasl TpaBMa, BKAMHeHMe TOJAOBHOTO MO3ra, JAeKOMITpeccBHasl
KpaHUB®KTOMIUs, CPOKU ITpoBeAeHs ontepariuy, Tpuaga Hyper-H, Tepanestudaeckoe OKHO, TaTOAOTHsA CTBOAa MO3Ta.
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