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Summary.

Intracranial space-occupying lesions are associated with the development of mass effect, manifesting as displacement of
midline structures, cortical deformation, compression of the ventricular system, and disturbance of cerebrospinal fluid dynamics.
Despite the widespread use of magnetic resonance imaging (MRI), quantitative morphometric criteria for the assessment of mass
effect severity remain insufficiently standardised.

Study Objective. 1o identify and systematise morphometric parameters enabling objective assessment of the degree of mass
effect in intracranial space-occupying lesions based on MRI data.

Materials and Methods. A retrospective study of brain MRI in patients with intracranial space-occupying lesions was conducted.
The analysis included measurement of midline shifi, lesion volume, perifocal oedema volume, ventricular system dimensions and
indices (including the Evans index), degree of subarachnoid space deformation, and hemispheric asymmetry. Morphometric analysis
was performed using 3D T1-weighted images and automated segmentation methods. All procedures were conducted in accordance
with the Declaration of Helsinki of the World Medical Association (2000 amendment). Statistical analysis was performed using SPSS
version 22.0 and MedCalc. The normality of data distribution was assessed using the Shapiro—Wilk test. Between-group comparisons
were performed using the Mann—Whitney U test, Student s t-test, Pearson's chi-squared test, and Spearman's correlation analysis.
Predictive performance was evaluated by receiver operating characteristic (ROC) analysis with calculation of the area under the
curve (AUC). Statistical significance was defined at p < 0.05. The study was conducted at Bukhara State Medical Institute as part of
the institutional research entitled «Development of Novel Approaches to Early Detection, Treatment, and Prevention of Pathological
Conditions Affecting the Health of the Population of the Bukhara Region in the Post-COVID-19 Pandemic Period (2022-2026).»

Results. The severity of mass effect was found to correlate significantly with lesion volume and perifocal oedema volume.
The most sensitive morphometric parameters were the magnitude of midline shift (> 5 mm), the degree of ventricular system
compression, and hemispheric asymmetry. Combined assessment of multiple parameters enhances the objectivity of diagnosis
and enables stratification of disease severity.

Conclusion. Quantitative MR morphometry is an informative and reproducible method for the assessment of mass effect
in intracranial space-occupying lesions. Standardisation of morphometric criteria may contribute to improved accuracy of
preoperative evaluation and optimisation of treatment strategy.
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Introduction Contemporary magnetic resonance imaging (MRI) offers

Intracranial space-occupying lesions represent one
of the most clinically significant causes of intracranial
hypertension and secondary structural changes of the
central nervous system. Regardless of their morphological
nature — whether neoplasms, haematomas, abscesses, or
cysts — these processes are accompanied by an increase in
intracranial volume, the development of mass effect, and
disruption of the spatial relationships among the anatomical
structures of the brain [1-3]

Mass effect is characterised by displacement of
midline structures, compression of the ventricular system,
deformation of cortical and subcortical formations, and
alteration of cerebrospinal fluid dynamics. The severity of
these changes directly influences clinical symptomatology,
the risk of herniation syndromes, and disease prognosis [4,
5]. In routine neuroradiology practice, the assessment of
mass effect has traditionally been predominantly qualitative
in nature and dependent upon the subjective experience of
the reporting specialist, which reduces reproducibility and
hampers the comparison of findings across centres [6-8].
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extensive capabilities for the quantitative analysis of structural
brain changes. The application of morphometric methods,
including automated segmentation and three-dimensional
reconstruction, enables objective quantification of midline
shift, lesion volume, perifocal oedema, and ventricular system
changes [9-12]. Quantitative assessment of these parameters
contributes to the standardisation of diagnostic criteria and
enhances the accuracy of disease monitoring [13-15].
Nevertheless, a systematic framework of morphometric
criteria for the comprehensive assessment of mass effect
severity remains insufficiently established in the literature.
The absence of unified quantitative threshold values hampers
the stratification of disease severity and the selection of
optimal therapeutic strategy, including the determination of
indications for urgent neurosurgical intervention [16-18].
In this context, the development of a comprehensive
morphometric approach to the assessment of mass
effect in intracranial space-occupying lesions based on
MRI data is of considerable relevance [19-21]. Such an
approach would enhance diagnostic accuracy, improve
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preoperative planning, and optimise longitudinal patient
monitoring, whilst providing the basis for the development
of standardised algorithms for severity assessment.

Study Objective. To identify and systematise
morphometric parameters enabling objective assessment of
the degree of mass effect in intracranial space-occupying
lesions based on MRI data.

Materials and Methods

A retrospective study of brain MRI in patients with
intracranial space-occupying lesions was conducted. The
analysis included measurement of midline shift, lesion
volume, perifocal oedema volume, ventricular system
dimensions and indices (including the Evans index), degree
of subarachnoid space deformation, and hemispheric
asymmetry. Morphometric analysis was performed using 3D
T1-weighted images and automated segmentation methods.

All procedures were conducted in accordance with the
Declaration of Helsinki of the World Medical Association
(2000 amendment).

Statistical analysis was performed using SPSS version
22.0 and MedCalc. The normality of data distribution was
assessed using the Shapiro—Wilk test. Between-group
comparisons were performed using the Mann—Whitney
U test, Student’s t-test, Pearson’s chi-squared test, and
Spearman’s correlation analysis. Predictive performance
was evaluated by receiver operating characteristic (ROC)
analysis with calculation of the area under the curve
(AUCQC). Statistical significance was defined at p < 0.05.

The study was conducted at Bukhara State Medical
Institute as part of the institutional research plan entitled
«Development of Novel Approaches to Early Detection,
Treatment, and Prevention of Pathological Conditions
Affecting the Health of the Population of the Bukhara Region
in the Post-COVID-19 Pandemic Period (2022-2026).»

Results

Patients with intracranial space-occupying lesions
of varying aetiology and location were enrolled in the
study. Quantitative morphometric analysis enabled the
identification of systematic patterns of structural brain
changes and the determination of the most informative
criteria for mass effect assessment.

General Characteristics of Morphometric Changes

In all cases of space-occupying processes, signs of
spatial displacement of brain structures were observed,
varying in degree of severity. The principal changes
included:

- lateral displacement of midline structures;

- deformation of cortical gyri;

- compression of the ventricular system;

- narrowing of the subarachnoid spaces;

- alteration of the grey-to-white matter ratio in the
zone of involvement.

The severity of these parameters was dependent upon
lesion volume, its location, and the degree of perifocal
oedema.

Midline Shift

Displacement of the septum pellucidum, third ventricle,
and pineal gland was recorded in the majority of patients.

Mean shift values ranged from 2 to 9 mm.

The threshold of clinical significance (> 5 mm) was
exceeded in more than half of the patients.

At a displacement of > 8-10 mm, signs of early
herniation changes were identified.

A pronounced positive correlation was demonstrated
between total lesion volume and the degree of midline shift
(r=10.62-0.74; p < 0.05).

Lesions located in the temporal and parietal lobes were
associated with more pronounced lateral displacement
compared with frontal lobe localisation (Table 1).

Table 1

Morphometric criteria for mass effect in space-occupying lesions (MRI)

Parameter (what is Normal /
minimal mass | Threshold values in mass effect Clinical significance
measured)
effect
- . < 3 mm (moderate), 4-7 mm | Displacement of the interhemispheric
Midline shift 0 mm (marked), = 8 mm (critical) fissure, third ventricle, and brainstem
Displacement of Absent Up to deformation Vascular compression; risk of ischaemia
vascular structures
Ventricular size and Partial compression — marked | Indicator of impaired cerebrospinal fluid
Normal . . ) . . : .
shape compression / dilatation drainage / intracranial pressure elevation
Lesion volume (cm?) 0 <30 cm?, 30-50 cm?, > 50 cm? Assessed by planimetry on T1/T2/FLAIR
sequences
Whlt.e matter oedema Absent Moderate — marked Assessed by the width of the hyperintensity
(perifocal) zone on T2/FLAIR sequences
Transtentorial herniation Absent Present / absent Critical indicator of displacement
Subfalcine herniation Absent Present / absent {’-\ssessec_:i by dllspl.acement of the
interhemispheric fissure
g:trgfnrsessmn of basal Absent Partial / complete Indicative of elevated intracranial pressure
Internal hydrocephalus Absent Present / absent :j/rear:;t]r;zu;ar dilatation secondary to impaired

Lesion Volume and Perifocal Oedema
Lesion volumes varied across a wide range.
Morphometric analysis enabled their classification into

small (< 20 cm?®), intermediate (20-50 cm?), and large
(> 50 cm?) categories. Perifocal oedema substantially
increased the total lesion volume, by a mean of 35-65%..
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Characteristic features:

The tumour tissue demonstrates heterogeneous
hypointensity relative to the unaffected white matter, with
central zones of marked hypointensity corresponding to areas
of necrosis. The lesion margins are ill-defined and infiltrative
in character, extending in the craniocaudal direction along the
white matter (Figure 1 Signs of mass involvement are present:

local deformation of cortical structures and partial effacement
of the adjacent sulci The longitudinal extent of infiltration
is more conspicuous on sagittal sections, underscoring the
tendency of glioblastoma to spread along the white matter.

Coronal sections demonstrate a large, structurally
heterogeneous space-occupying lesion with pronounced
perifocal vasogenic oedema.

Figure 1. A heterogeneous, hyperintense space-occupying lesion in the right parieto-temporal
region with marked perifocal oedema (glioblastoma; T2-weighted MRI, coronal sections).

On T2-weighted imaging, glioblastoma is typically
represented as a heterogeneous hyperintense space-
occupying lesion. Characteristic features include
heterogeneously increased signal intensity within the
tumour due to a combination of tumour tissue, areas of
micro- and macroscopic necrosis, cystic changes, and
perifocal oedema; ill-defined infiltrative margins reflecting
tumour spread along white matter tracts; and pronounced

vasogenic oedema extending over considerable distances
from the primary lesion node, resulting in increased
volume of the affected hemisphere. Mass effect manifests
as local sulcal effacement, deformation of adjacent
structures, and possible midline shift. In T2-weighted
sequences, glioblastoma thus presents as a large, bright,
structurally heterogeneous focus with zonal organisation
(Figure. 2).

Figure 2. A heterogeneous, hyperintense space-occupying lesion in the right parieto-temporal
region with marked perifocal oedema (glioblastoma; T2-weighted MRI, axial projection).

The following findings were established:

a total volume (lesion plus oedema) exceeding 40 cm?
was associated with a significant increase in the risk of
pronounced mass effect;

at deep locations, even intermediate-volume lesions
produced marked ventricular deformation.

Accordingly, total lesion volume proved to be a more
informative parameter than tumour volume assessed in
isolation.

Assessment of ventricular system changes in intracranial
space-occupying lesions revealed several patterns:
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compression of the ipsilateral lateral ventricle was the most
frequently observed finding; contralateral dilatation secondary
to septal displacement was also commonly identified; and
obstructive hydrocephalus developed in cases involving the
cerebrospinal fluid pathways. The Evans index increased
proportionally to the severity of cerebrospinal fluid dynamic
disturbances, with values exceeding 0.30 more frequently
associated with clinical signs of intracranial hypertension. The
degree of ventricular compression correlated with the degree
of lateral shift (r = 0.58; p < 0.05). Morphometric analysis
also demonstrated pronounced hemispheric asymmetry
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and cortical changes, including increased volume of the
affected hemisphere due to oedema, gyral flattening and
reduced sulcal depth, local cortical thickening in the zone of
perifocal changes (pseudothickening), and, in cases of chronic
progression, secondary contralateral cortical thinning. The
interhemispheric asymmetry index increased significantly in
the presence of pronounced mass effect (p < 0.05).

KoMrutekcHast KoJM4eCTBEHHAs MOJIETb OLIEHKH Macc-
s¢dekra. Ha 0cHOBaHMH COBOKYIHOTO aHaIH3a HpeIo-
JKEeHa rpajiaiys cTeneHu Macc-oddexra:

Mass effect denotes the degree of pressure exerted by
a focal lesion — whether haemorrhage, neoplasm, oedema,
or other process — upon the brain parenchyma. Its clinical
significance is assessed on the basis of midline shift, ventricular

system changes, and total lesion volume. In moderate mass
effect, midline displacement is limited (< 3 mm), ventricular
morphology is essentially preserved, lesion volume is less
than 30 cm?, and the clinical condition is generally stable. In
marked mass effect, displacement reaches 4-7 mm, partial
ventricular compression is present, lesion volume ranges from
30 to 50 cm?®, and clinical decompensation with neurological
deterioration is possible. In critical mass effect, displacement
is > 8 mm, the ventricular system is severely compressed
or dilated, lesion volume exceeds 50 cm?, and the risk of
cerebral herniation is high, necessitating urgent intervention.
In general, greater midline shift and total lesion volume are
associated with a higher risk of intracranial hypertension and
life-threatening complications (Table 2).

Table 2.
Grading of mass effect severity
Grade of mass effect | Midline shift Ventricular changes Total lesion volume Clinical significance
| (moderate) <3 mm Absent / minimal <30 cm? Stable condition
Il (marked) 4-7 mm Partial compression 30-50 cm?® Decompensation possible
Il (critical) =8 mm Marked compression / dilatation > 50 cm? High risk of herniation

A composite index incorporating lesion volume,
magnitude of midline shift, and degree of ventricular changes
demonstrated superior diagnostic sensitivity compared with
the isolated assessment of any single parameter.

Quantitative MR morphometry proved highly informative
in the objective assessment of mass effect in intracranial
space-occupying lesions. The most significant morphometric
parameters were total lesion volume, midline shift,
degree of ventricular compression and dilatation, and the
interhemispheric asymmetry index. The severity of mass
effect was significantly associated with the level of intracranial
hypertension and the degree of focal neurological deficit, with
impaired consciousness observed at midline shifts exceeding
8 mm. Patients with grade III mass effect more frequently
required urgent neurosurgical intervention. Combined
analysis of these parameters enhances the accuracy of severity
stratification and may be incorporated into algorithms for
preoperative assessment and longitudinal patient monitoring.

Discussion

The findings confirm that mass effect in intracranial
space-occupying lesions constitutes a complex of structural
changes encompassing both the direct mechanical impact
of the pathological focus and secondary disturbances
of cerebrospinal fluid dynamics, venous drainage, and
regional perfusion [22, 23]. Quantitative MR morphometry
enabled objective assessment of the degree of these
changes and identification of the most informative
evaluation parameters, which is consistent with current
trends in neuroimaging directed towards standardisation
and improvement of result reproducibility [24].

Midline shift emerged as one of the key parameters,
demonstrating a consistent correlation with total lesion
volume (lesion volume plus perifocal oedema) and clinical
severity [25]. However, isolated assessment of midline
shift does not always permit adequate estimation of the
risk of decompensation, particularly in cases of deep lesion
localisation, where marked compression may coexist with
relatively moderate displacement [26].

Assessment of ventricular system changes is of particular
importance. Compression of the ipsilateral lateral ventricle
and contralateral dilatation reflect redistribution of intracranial
volumes and impairment of cerebrospinal fluid circulation.
The inclusion of ventricular parameters in standardised
assessment protocols is warranted, as disturbance of
cerebrospinal fluid circulation may accelerate the progression
of intracranial hypertension and clinical deterioration [27].

The role of perifocal oedema merits separate consideration.
The data obtained demonstrated that total lesion volume
more accurately predicts the degree of herniation changes
compared with tumour volume assessed in isolation. This is
of particular relevance in neoplastic processes, where oedema
may substantially exceed the dimensions of the tumour itself
and determine the clinical presentation [28, 29].

Analysis of interhemispheric asymmetry and cortical
changes indicated that prolonged mass effect may lead to
secondary atrophy of contralateral structures. Dynamic
quantitative assessment of such changes using automated image
analysis and machine learning methods enhances prognostic
accuracy and may be applied in surgical planning [30].

The superiority of the comprehensive approach was
demonstrated upon comparison of isolated and combined
parameters, as the integration of multiple morphometric
parameters increases diagnostic sensitivity and enables
more accurate stratification of mass effect severity.

In addition to the quantitative assessment of mass
effect, contemporary surgical approaches to complications
associated with intracranial space-occupying lesions or
secondary pathological processes warrant consideration.
Modern minimally invasive techniques, including
laparoscopic intervention for recurrent hernias, have
demonstrated high efficacy and a reduction in postoperative
complications. These approaches underscore the necessity
of comprehensive structural analysis and preoperative
planning accounting for individual patient anatomy, which
may be of particular relevance in combined pathological
conditions and complex focal topography within the brain.

The limitations of the study include its retrospective
design, potential heterogeneity in the morphological
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structure of the lesions, and the influence of MRI technical
parameters on segmentation accuracy. Prospective
studies employing unified protocols and incorporating
machine learning algorithms and statistical methods for
reproducibility assessment are warranted.

The results thus confirm that quantitative MR morphometry
is a reliable instrument for the objective assessment of mass
effect and holds considerable potential for the standardisation
of neuroradiological diagnosis, optimisation of preoperative
planning, and improvement of clinical outcomes.

Conclusions

The present study has demonstrated that quantitative
MR morphometry enables objective assessment of mass
effect severity in intracranial space-occupying lesions. The
following key morphometric criteria reflecting the degree of
brain structure displacement and compression were identified:

- displacement of midline structures (in particular, the
septum pellucidum and third ventricle);

- ventricular system changes (compression, dilatation,
elevation of the Evans index);

- total lesion volume (lesion volume plus perifocal
oedema);

- hemispheric asymmetry and cortical deformation.

Total lesion volume was shown to reflect mass effect
severity more accurately than tumour volume assessed in
isolation. Combined evaluation of multiple morphometric
parameters enhances diagnostic accuracy and enables
stratification of patients by severity grade (moderate,
marked, and critical), which is of practical significance for
preoperative planning and longitudinal monitoring. Brain
MR morphometry thus represents a promising instrument
for the standardisation of mass effect assessment and may
be implemented in clinical practice to improve diagnosis
and inform treatment strategy.

Prospects for further research. Future research
perspectives are associated with the expansion of the patient
sample and the conduct of multicentre studies to enhance
the statistical validity of the findings. The development of
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Pesmome.

BHyTpinmHbouepenHi 06’ €MHI yTBOPEHHS CYTIPOBOKYIOTHCS] PO3BUTKOM MaCHBHOTO €(DeKTY, L0 IIPOSIBILSIETHCS 3MIILEHHSIM CTPYKTYP
CcepetHbO1 JIiHiT, JehopMalliero KOpH roJIOBHOTO MO3KY, KOMITPECIEIO IIITYHOUKOBOI CHCTEMH Ta MOPYIIEHHAM AUHAMIKH CITHHHOMO3KOBOT
pinuaN. He3Bakarouu Ha MHMPOKE 3aCTOCYBAHHS MarHiTHO-pe3oHaHCHOT ToMorpadii (MPT), kibpKicHI MOppOMETpHYHI KpUTEPIi IS
OLIIHKH TSXKKOCTI MACUBHOTO €(DeKTY 3aJIMIIAIOTHCS HEJJOCTaTHBO CTAHIAPTH30BAHIMH.
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MeTta gocJikeHHs. BU3HaYNTH Ta cucTeMaru3yBaTi MOp(GOMETPUYHI TapaMeTpH, IO JO3BOJISAIOTh 00 €KTHBHO OLIHUTH CTYIIHb
MacCHBHOTO €()eKTy NpH BHYTPILIHbOYEPEITHUX 00’ €MHUX YTBOPEHHSX Ha OCHOBI JaHuX MPT.

Marepiaiu Ta metoau. [TposeneHo perpocnexTuBHe pocnimkerHss MPT ronoBHOro Mo3Ky y Halli€HTIiB 3 BHY TPIlIHbOUSPEITHUMH
00’€MHUMH ypaXX€HHSAMH. AHaJi3 BKIIOYaB BUMIPIOBAaHHS 3MIlllEHHS CepeIHbOl TiHil, 00’eMy ypakeHHs, 00’ eMy nepU(OKaIbHOTO
HaOpsKY, PO3MipiB Ta iHJEKCIB ITyHOUKOBOI CHCTEMH (BKJIFOUHO 3 iHIekcoM EBaHca), crynens nedopmariii cybapaxHoifnabHOTO 1po-
CTOpy Ta acMMeTpii miBKysIb. MopdomMeTpruuHHii aHaNi3 TPOBOAMIN 3 BUKOpUCTaHHAM 3D-300paxeHs 3 T1-3BaxkyBaHHSAM Ta METOIIB
ABTOMAaTH30BaHOI CerMeHTallil. Yci mpoliefypy IpOBOAMIIICS BiAMOBIAHO 10 [enbciHchbkoi nekiapatiii BeecBiTHROT Mean4HOT acomiartii
(mompaBka 2000 poky). CraTucTr4HHIA aHasi3 mpoBoanH 3a gonoMororo SPSS Bepcii 22.0 ra MedCalc. HopmanbsHicTs po3mnoainy ja-
HHUX OLHIOBaJH 3a Jonomoroto Tecty llanipo—Binka. MixrpynoBi HopiBHSIHHS HPOBOAMIH 3a Jonomoroto U-kpurepito ManHa—YiTHi,
t-kputepiro CTbloneHTa, KpuTepito Xi-kBazapar Ilipcona Ta kopensuiiiHoro aHanizy Cnipmena. [IporHoctiuHy eheKTHBHICTb OLIHIOBAIN
3a gomnomororo anaiizy ROC-kpuBoi 3 po3paxyHkoM o mmig kpuoto (AUC). CratucTH4Hy 3Ha4yI(icTs Bu3Hadaiu npu p < 0,05.
JocnimxeHHs: IpoBoAuIocs B byxapcbkoMy fep>kaBHOMY MEIMYHOMY IHCTUTYTI B paMKaxX IHCTUTYLIHHOTO JOCIIPKEHHS ITiJl Ha3BOIO
«Po3po0Oka HOBHX MiJXOAIB IO PAHHBOTO BUSBJIEHHS, JIIKYBaHHS Ta MPOQIIAKTUKY NAaTOIOTYHUX CTaHIB, 10 BIUIMBAIOTH Ha 3710POB’S
HaceseHHs byxapcbkoi obnacti B micnsmanaemivnuid nepion COVID-19 (2022-2026 pp.)».

PesynbraTn. BeraHoBneHo, 10 THKKICTh MACHBHOTO €(peKTy CYTTEBO KOpEItoe 3 00’ €MOM BOTHUIA Ta 00’ €eMOM Nepru(oKaaIbHOTO
HaOpsky. HaltuytuBimmmu MopdomeTpuyHMH napamMeTpamu OyiIM BeJIMYHHA 3MIILEHHS CepeIHbO1 JIiHii (> 5 MM), CTyniHb KoMnpecii
IIUTYHOYKOBOT CHCTEMH Ta aCUMETDist MiBKyJb. KOMIUIEKCHA OLlIHKA AEKIIbKOX ITapaMeTpiB MiAABHILLYe 00’ €KTUBHICTb JIIarHO3y Ta J03BOJISIE
cTpaTndikyBaTH TSHKKICTh 3aXBOPIOBAHHS.

BucHoBok. Kinskicha MP-mMopdomerpis € iHpOopMaTHBHIM Ta BiATBOPIOBAHUM METOJIOM OL[IHKH MacHBHOTO €()eKTy NpH BHYTPIlll-
HbOYEPEITHNX 00’ eMHUX ypaxeHHX. CTannapTu3aris MOpHOMETPUYHUX KPHTEPIiB MOXKE CIIPHATH ITiIBHILEHHIO TOYHOCTI Iepeiomne-

pawiiHol OI[IHKH Ta ONTUMI3aLii cTparerii JIiKyBaHHS.
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