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Establishing the relationship between the growth stage of a pituitary
tumor and visual functions using the area of the zone of chiasmal

pressure from the tumor
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3a JONMOMOrolo NoLLi 30HM TUCKY NYXJIMHU Ha Xia3my
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Abstract

Purpose: To develop a mathematical model of chiasmal
compression using a computer model of the area of surface
pressure from the tumor.

Material and Methods: We reviewed the medical records
of 361 patients treated for compressive optic neuropathy due
to pituitary adenoma (PA) at SI “Romodanov Neurosurgery
Institute, NAMS of Ukraine” in 2018-2024. Patients
underwent clinical neurological and ophthalmological
examinations, magnetic resonance imaging (MRI), computed
tomography (CT) and functional studies. Mathematical

modeling was done in cooperation with the Department of

Software Engineering in Energy Industry, National Technical
University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”. The study was based on modeling and statistical
analysis.

Results: Patients (54.7% were women and 45.3% were
men; mean age, 54.3 £ 12.5 years) were divided into 3
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groups: group 1, early stage (small PAs, n = 115), group 2,
moderately advanced stage (moderate-size PAs, n = 157), and
group 3, advanced stage (giant PAs, n = 89). The difference
between groups was statistically significant (p < 0.05). The
study has confirmed the efficacy of using both CT and MRI
for assessing tumor size. A mathematical model (z = 377.38 +
122.19x — 2.25y — 77.74x? — 2.91xy + 0,02y?) was developed
for predicting the area of pressure zone from a PA. Critical
thresholds of the area of the zone of chiasmal pressure from
a PA were determined. An especially abrupt decline in retinal
nerve fiber layer (RNFL) thickness was noted as pressure
zone area (PZA) exceeded 200 conventional units (CU), and
the worst visual acuity (VA; 0.42) and RNFL thickness (40
um) values were noted for a PZA of 300 CU.

Conclusion: The model proposed has some substantial
advantages compared to those developed previously. It is
based on a complex approach that combines clinical data
from various diagnostic modalities with mathematical
modeling. This allows taking in account multiple parameters
such as PZA, VA and RNFL thickness. High model fitness (R?
= 0.9910) and clear correlations between parameters provide
for a reliable prediction of the PZA. This has an important
practical value for detecting the pathology and planning the
treatment strategy early.

Keywords: mathematical modeling, 3D modeling, pituitary
adenoma, compressive optic neuropathy, optic chiasm,
surface pressure area.

Pestome

Mema: Ilobydosa mamemamuunoi moleni Xia3manbHoi
KoMnpecii i3 3acmocy8aHusImM KoMR'tomepnoi mooeni niowji
NOBEPXHEB020 MUCKY NYXTIUHU.

Mamepian ma memoou. JJocnioxcenmst no6y0068ano Ha pe-
synemamax avanizy 361 nayiecuma 3 KomMnpeciiuHow onmuy-
HOMW Heuponamiero eHacniook adenomu cinogiza (AI), saxi
3HAXOOUNUCS N0 CHOCMEPEINCEHHAM MA OMPUMYBANU JNiK)-
6aHHs Ha 6a31 6I00iNeH S eHOOHA3ANLHOL HeUPOXIpYP2ii OCHO-
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6u wepena ma epynu uetupoogpmanvmonozii 1V «Incmumym
netpoxipypeii im. akad. A. II. Pomooanosa HAMH Ykpa-
inuy», 6 nepioo 2018-2024 pp. Bcim xeéopum npooounocs
KIIHIKO-HEe8pOoio2iune, opmanbMoi02iuHe 0OCMeXCeHHs, GU-
KOpUCMO8Y8anuch IHCIMpYMEeHMAanNbHi Memoou 0iaeHOCMUKU.
Buxomnysascs Komniekc HeUpo8izyanizyiouux oOcmediceny:
MmaeHimopezoHancHa momozpais (MPT), komn'tomepra mo-
moepadhis (KT).

Mamemamuyne M0oOen08aHHA NPOBEOEHO CNIIbHO 3 Kape-
Oporio iHdIcenepii ma npoepamHozo 3abe3neyuenis @ eHepeemu-
yi Hayionanvnoco mexniunozo ynieepcumemy Yrpainu «Ku-
iscorutl nonimexuiunutl incmumym imeni leopsi Cikopcokoeoy.
Locniooicennsn 6a3yromuvcs Ha MOOENI0BANHI Ma CMAMUCTUY-
HOMY aHanizi, wo 6i0obpaxcae munogy Kapmumy 0 nooi-
OHUX 00CniOMHCEHD.

Pesynomamu. YV oocnioscenni 6356 yuacms 361 nayienm,
yci 8oHU 6yau posdineni Ha epynu: I epyna — panna cmadis
(neeenuxi AIL n=115), Il epyna — nomipna cmaodis (cepeoni
AL n=157), Il epyna — eaxcka cmadis (6eremeHcvki ma 2i-
eanmcwvki AL n= 89). I'endepnuii poznodin cknas 54,7% oici-
Hok ma 45,3% uonosikis, iz cepeonim eikom 54,3 £ 12,5 poxky.
Piznuys mioe epynamu usaeuiacs cmamucmuino 3HA4yuoio
(p <0,05).

Introduction

Pituitary adenomas (PAs) are the most common
primary benign intracranial tumors of the chiasmal and
sellar region (CSR) which can cause compression of the
optic nerve-chiasm complex (ONCC) [1, 2]. PAs have
been reported to be the most common intracranial mass
lesions [3-5].

The clinical picture depends on various characteristics
including hormonal activity, direction of tumor extension,
rate of growth, tumor size and mass effect on surrounding
structures [6, 7].

The modified Hardy classification (1970) is that most
commonly used to determine metric characteristics, with
PAs grouped into four types based on their size: grade I (<
10 mm, within the sella microadenoma), grade II (10-20
mm, with a suprasellar extension within 10 mm of planum
sphenoidale), grade III (20-40 mm, with a suprasellar
extension < 30 mm, distorting or invading the anterior
third ventricle), and grade IV (> 40 mm, extending far
beyond the sellar space, with lateral or multi-directional
expansions (giant PA)) [8].

The absence of clinical manifestations of hormonal
hypersecretion usually results in significant diagnostic
delay and therefore non-functioning pituitary adenomas
(NFPAs) may not be diagnosed until they cause mass
effects to surrounding structures. Visual acuity (VA) and/or
visual field impairment is a major clinical manifestation of
an NFPA of a size not exceeding 40 mm. The tumor growth
rate may vary for each patient, with PAs representing
gradations of a spectrum from slowly growing tumors to
rapidly growing aggressive neoplasms. Taken collectively,
the above parameters of PA are of critical importance for
selecting the treatment strategy and time frame [9, 10].

Jlocnioorcenns niomeepouno epekmusHicms KOMIIEKCHO-
20 3acmocysarnnsi KT ma MPT 0nst oyinku po3mipie nyxiuHu.
Pospobrena mamemamuuna mooensb 01 NPOSHO3VBAHHS (Z =
377,38 +122,19x— 2,25y — 77,74x?— 2,91xy + 0,02y?) 0o360-
JA€ nepedbauamu niowy 30Hu mucky. Busnaveno xpumuuni
nopoau mucky Ha xiasmy, oe snauerisi 200 ymosHux oOuHuYyb
€ nepenomuum, a npu oocsenerni 300 ymosHux oounuyb cno-
cmepiearomvca HatiZipwi NoKa3HuKY 3 20cmpomoio 30py 0,42
ma mosujuHoo 6010KOH 40 MkMm.

Bucnogxu. 3anpononosana modens mae psio cymmesux
nepeeaz NopieHAHO 3 nonepedHimu oocnioxcenuamu. Ilo-
nepute, 60Ha O6A3YEMbCS HA KOMAIEKCHOMY NiOX00i, Wo no-
€OHYE KIIHIUHI OaHi 3 MaAMeMAmuyHumM mooenosantsm. Lle
003807I51€ BPAXYBAMU MHONCUHHI NAPAMEMPU, MAKI K NI0WA
MUCKY, 20CIMPOMA 30py ma MmoSWUHA HEPEOBUX 60I0KOH. Bu-
coka mounicms modeni (R? = 0,9910) ma uimki xopensyii-
HI 36'3KU MidC napamempamu 3abe3neuyioms HAOIHICMb
npoenosysanns. Lle mae eadcnuge npakmuune 3Ha4eHHs Osl
PAHHBLO2O GUABNLEHHS NAMONO2II Ma NIAHYBAHHS JIKY8ANTbHOI
MAKMUKU.

Knrouoei cnosa: mamemamuune mooenosanus, 3D mooe-
JH0BAHHS, adeHoma 2inogiza, KoMnpeciiuna onmuyHa Hetpo-
namis, Xiazma, niowa nO8EPXHE8020 MUCK).

Mathematical modeling has been extensively used in
ophthalmology to enable accurate diagnostic evaluation of
patients, optimize treatment strategies, reduce the number
of animal experiments and facilitate the development of
novel technologies.

By constructing a simplified mathematical model,
Mcllwaine and colleagues (2005) [11] demonstrated that
nasal fibers are subject to relatively greater pressures
for any given external compressive force acting on the
chiasm. Kosmorsky et al [12] used cadaveric specimens
to measure the pressure in the temporal and central
aspects of the chiasm simultaneously during compression
of the chiasm from below with an expanding simulated
tumor. They found that, during deformation the chiasm
from below by a radially expanding mass analogous
to a pituitary tumor, the central aspect of the chiasm
consistently manifests a higher pressure than the temporal
aspect. Wang and colleagues [13-15] reported on finite
element modeling of optic chiasmal compression. Ex vivo
experiment and finite modeling were utilized to investigate
the biomechanics of human optic chiasm compression and
explain the mechanism of bitemporal hemianopia arising
as a result of chiasmal compression [16]. Compression of
the chiasm induced high strains in the paracentral portions
of the chiasm where the crossing optic nerve fibres are
located. At an axonal level, the magnitude of strains
affecting crossed fibres were greater than those affecting
uncrossed fibres.

The concept of calculating the area of the zone of
chiasmal pressure from a tumor and VA deficiency is
a critically important aspect of ophthalmology and
neurology. For this calculation, the size of the tumor
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that exerts pressure on the surface of the optic chiasm
and may result in vision deficiency is to be measured.
Precise assessment of this area is important to determine
relevant treatment strategies (like surgical intervention
or radiotherapy) for decompressing the optic chiasm and
preventing further vision loss. Using modern imaging
techniques like magnetic resonance imaging (MRI) and
computed tomography (CT) may be helpful for measuring
tumor size and calculating the effect on visual function.
This information is essential for developing individual
treatment plans to preserve or restore visual function in
patients with the tumors that affect the chiasm.

To the best of our knowledge, no study has reported on
the assessment of surface pressure area.

The purpose of this study was to develop a mathematical
model of chiasmal compression using a computer model
of the area of surface pressure from the tumor.

Material and Methods

This study was conducted at the Department
for Endonasal Cranial Base Endosurgery and
Neuroophthalmology Unit, SI “Romodanov Neurosurgery
Institute, National Academy of Medical Sciences of
Ukraine”, in 2018-2024. Mathematical modeling was
done in cooperation with the Department of Software
Engineering in Energy Industry, National Technical
University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”.

The study was based on modeling and statistical
analysis. This was a single-center, prospective cohort
study. The study sample included 361 patients (54.7%
were women and 45.3% were men; mean age, 54.3 + 12.5
years; age range, 1875 years) with PA and was normally
distributed for tumor growth stage: group 1, early stage
(small PAs, n = 115), group 2, moderately advanced stage
(moderate-size PAs, n=157), group 3, advanced stage (giant
PAs, n = 89). Patients were followed up for 24 months.
Inclusion criteria were adults as defined by the WHO (18
years of older), presence of visual impairment (VA and/or
visual field loss), surgical decompression of the ONCC as a
result of subtotal or total tumor resection, and histological
verification of the tumor. Exclusion criteria were tumors
smaller than 10 mm in diameter, continued tumor growth,
patients with signs of intracranial hypertension and ocular
comorbidities, history of radiotherapy or radiosurgery,
or medical decompression of the ONCC. Standardized
examination techniques were used.

The sample was representative and large enough to
provide for sufficient statistical power for analysis and
making substantiated conclusions regarding the parameters
examined. Patients underwent clinical neurological
and ophthalmological examination before and after
surgery. Additionally, they underwent comprehensive
neuroimaging evaluation (MRI with contrast enhancement
and CT scans of the brain) before surgery.

Optic coherence tomography (OCT) was conducted
using a Revo NX instrument (Optopol Technology SA,

Zawiercie, Poland). Optic disc excavation area, depth and
volume, peripapillary retinal nerve fiber layer (RNFL)
thickness, neuroretinal rim area, and macular ganglion
cell complex (GCC) thickness were assessed by OCT.

Brain multislice computed tomography (MSCT) was
conducted at the Neuroroentgenology Department of
the institute using a Philips Brilliance 64 MSCT system
(Philips Medical Systems, Best, the Netherlands) to obtain
brain MSCT images in the three planes (slice thickness,
0.5 mm).

MRI was conducted at the Neuroradiology and
Radiosurgery Department of the institute using a 1.5-
T MRI system (Intera 1.5T/I system, Philips Medical
Systems) to obtain conventional and contrast enhanced
images in the three planes.

Neuroimaging techniques were utilized to determine
the location (intrasellar, suprasellar, parasellar or
infrasellar), extension (direction of tumor growth) and size
of the tumor of the CSR, and the presence of hemorrhage,
cyst formation, and lateralization, and relationship with
surrounding structures.

The study followed ethical standards as outlined in the
Declaration of Helsinki, and was approved by the Ethics
Committee of SI “Romodanov Neurosurgery Institute,
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.

The modeling system is based on the comprehensive
approach to representing anatomic structures using
advanced computer graphics and modeling techniques.
Utilizing Bézier curves and parametric modeling enables a
high precision representation of anatomical structures and
their deformations.

Bézier curves underpin the deformation modeling
system, providing a smooth transition between control
points, capability for accurate mathematical description of
shape, effective shape control through control points, and
preserve shape continuity in the presence of deformations.
Using a tensor approach enables describing complex
spatial deformations, allowing for nonlinear -effects,
preserving physical correctness of transformations, and
controlling strains in a model.

A mathematical model is implemented through the
following phases: model initiation (loading basic geometry,
determining control points and setting initial parameters),
calculation of deformations (computing displacement
vectors, computing new vertex positions, and updating
normals and texture coordinates), and optimization
(smoothing resulting data curves, removing artifacts, and
restructuring topology [if required]).

A powerful mathematical apparatus is a key element of
the system and involves using splines to describe complex
curved surfaces and deformation tensors to calculate
changes in the shapes of objects. Surface interpolation is
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performed between key points using optimized algorithms
to enable smooth transitions and authentic reflections.

Technical implementation of the system provides for
the use of dedicated biomedical modeling software with the
integration of medical data imaging systems. An important
aspect is the optimization of polygonal mesh and effective
use of texture maps, which provides for a balance between
model accuracy and computational efficiency.

Figs. 1 to 3 represent a series of 3D models that
demonstrate different stages of deformation and
transformation of objects. The visualization presented
illustrates important aspects of deformation modeling.

Fig. 1 demonstrates normal texture of the neural
tissue of the optic chiasm, whereas Fig. 2 demonstrates

& @

Fig. 1. 3D model of the chiasmal-sellar region: side view (A)
and top view (B). The yellow arrow points to the optic chiasm,
the red arrow to the pituitary adenoma, and the blue arrow to
the sella turcica. Basic shape transformation is shown.

pathological changes induced by tumor compression of
the chiasm with evidence of heterogeneous compressive
deformation. Fig. 3 shows the final deformation result,
demonstrating non-linear shape changes.

The evaluation of prerequisites for the use of least
squares method included checking for multicollinearity
between potential independent variables (the pressure zone
area and RNFL thickness). There was a significant strong
correlation (r = —0.93; p < 0.001) between the pressure
zone area and RNFL thickness. This indicated a high
risk of multicollinearity if these variables were included
in the multiple regression model, which would lead to
instability and incorrect interpretation of coefficients.
It was decided to exclude the RNFL thickness from the

E 2 4

Fig. 2. 3D model of chiasmal compression by a pituitary
adenoma: side view (A) and top view (B). The yellow arrow
points to the optic chiasm, the red arrow to the pituitary
adenoma, and the blue arrow to the sella turcica. Intermediate
stage of transformation.

Fig. 3. 3D model of deformed optic nerve-chiasm complex: front view (A, B), side view (C), and top view (D).The yellow arrow
points to the optic chiasm, the red arrow to the front surface of the optic chiasm, the green arrow to the intracranial portion of
the optic nerves, and the white arrow to the pituitary adenoma. Intermediate stage of transformation. The final deformation

result and complex spatial transformations are shown
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final model to provide for stability and reliability of the
regression equation. This decision was made because
the pressure zone area was recognized as a primary
mechanical factor (the cause) initiating the pathological
process whereas the RNFL thickness was recognized
as a structural consequence of compression. Therefore,
regression analysis was focused on establishing a direct
relationship between the area of pressure zone and VA. The
final regression model was built as a univariate regression
model, which allowed avoiding multicollinearity between
independent variables.

SPSS Statistics v.30 and Microsoft Excel 2019 software
were used for statistical analysis. The Kolmogorov-
Smirnov test was used to check data distribution for
normality. Quantitative variables are presented as mean
and standard deviation (SD), and qualitative variables, as
numbers and percentages. The Student t-test was used for
two-group comparison of normally distributed data. The
Mann-Whitney U test was used for two-group comparison
of non-normally distributed data. Pearson correlation was
used for normally distributed variables and Spearman's rank
correlation was used for variables not normally distributed.
Multiple regression analysis and logistic regression were
used to develop predictive models. Statistical hypotheses
were tested at the p < 0.05 level of significance. The level
of significance p < 0.05 was assumed. The sample size
was calculated a priori using G*Power 3.1.9.7 software
to achieve a statistical power of 80% at an alpha level of
0.05 and assuming a large effect size (d = 0.5). Expert
agreement was assessed using Kendall's coefficient of
concordance (W). All calculations were performed taking
in account current guidelines for performing statistical
analysis of medical data and presenting study findings.

Results

At the first phase of the study, analysis of major clinical
characteristics of the total sample (361 patients with PA)
was performed. Patients were divided into three groups
(stages) based on the size of the tumor: group 1, early stage

(small PAs, n = 115), group 2, moderately advanced stage
(moderate-size PAs, n=157), and group 3, advanced stage
(giant PAs, n = 89). Because the mean defect (MD) had a
rather large effect on the model, it was deemed reasonable
to examine this effect separately, which will be performed
in further studies.

Table 1 presents average values of the major parameters
examined for the groups and statistical data for further
research.

A comparative analysis among interpolating functions
of linear, quadratic, cubic, power, hyperbolic and
exponential regressions was conducted to determine the
relationship y = y(x) between the growth stage and the area
of the zone of pressure from a PA. Based on the comparison
of approximation error and the closest values of the Fisher
test, it was concluded that the relationship between the area
of the zone of pressure from a tumor and tumor growth
stage is best characterized by the exponential function
Y = 1.133 * 1.3612x. Because exponential regression
demonstrated the largest determination coefficient (R2 =
0.9910) and the best agreement with clinical dynamics, it
was selected as the basis for prediction (Table 2).

The calculation of the relationship between the area of
pressure zone from a PA and VA is presented in Table 3. We
compared approximation error and the closest values of the
Fisher test, and concluded that the relationship between
tumor pressure zone area and VA is best characterized by
the exponential function z = 9.09 * 0.04y. Therefore, the
relationship between tumor growth stage and VA can be
established using the equation z(x) = 9.09*0.041.54x.

Given the above considerations, we performed a
detailed analysis of the interrelationship of area of the zone
of pressure from a PA, VA and RNFL thickness (Fig. 4).

Based on the analysis of the data obtained, the following
patterns were found. There was a significant strong negative
correlation (r = —0.98; p < 0.001) between pressure zone
area and VA. That is, VA substantially decreases as pressure
zone area increases. Additionally, there was a significant
strong negative correlation (r =—0.93; p < 0.001) between

Table 1. Major parameters examined for the groups of patients (mean +* standard deviation and conventional units)

Characteristic Group 1 (n=115) | Group 2 (n=157) Group 3 (n=89) P values
Average area of pressure zone from p1-2<0.05
a PA (mm?) 98.77 + 11.86 200.74 £+ 12.42 296.68 + 11.24 p1-3<0.05
p2-3<0.05

Area of pressure zone from a PA (CU) 100 200 300 -
. p1-2<0.05
Average RNFL thickness (um) 92.4 + 4.01 72.3+4.04 52.2 + 4.06 p1-3<0.05
p2-3<0.05

RNFL thickness (CU) 100 90 40 -
p1-2<0.05
Visual acuity 0.801 £ 0.06 0.603 £ 0.06 0.406 + 0.06 p1-3<0.05
p2-3<0.05

Notes: CU, conventional units; PA, pituitary adenoma; RNFL, retinal nerve fiber layer
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Table 2. Exponential regression parameters describing the relationship between the growth stage of pituitary adenoma and

tumor pressure zone area

Resulting function Correlation Average Critical value of | Actual value of
9 coefficient approximation error Fisher’s test Fisher’s test
Exponential y=1.133*1.3612~ 0.8788 2.1556% 10.128 10.172

Note: y, tumor growth stage; x, area of tumor pressure zone

Table 3. Correlations between the area of the zone of pressure from a pituitary adenoma and visual acuity

Resulting function Corre_la_tion A_vera_ge Crifical Yalue of Ac_tual v,alue of
coefficient approximation error Fisher’s test Fisher’s test

Linear z=0.81y+0.81 - 8.51% 3.18 10.39
Quadratic z=-0.97y?+3.86y+4.8 0.99 4.49% 5.79 552.17
Cubic Zz%%?’;:g_'ggyz' 0.9959 5.6% 6.59 32158
Power z=0.7y-1.1 0.62 50.86% 5.99 3.73

Hyperbolic z=0.6+0.65/y 0.87 73.59% 5.99 19.49
Exponential z=9.09*0.04y 0.86 3.28% 5.99 16.46

Note: z, area of tumor pressure zone; y, visual acuity

pressure zone area and RNFL thickness and a significant
strong positive correlation (r = 0.83; p < 0.001) between
the RNFL thickness and VA. Second-degree polynomial
regression showed a perfect agreement with the data (R? =
0.9910). The plots demonstrated non-linear relationships
between variables.

Both RNFL thickness and VA decreased with an
increase in pressure zone area (with the groups showing
separate ranges of Both RNFL thickness and VA); all the
parameters worsened with an increase in tumor size, with
the difference between groups being statistically significant
(p <0.05). VA was more influenced by pressure zone area
than by RNFL thickness or MD. An increase in pressure
zone area by 1 resulted in a decrease in VA by 0.109.
An increase in pressure zone area resulted in a decrease
in RNFL thickness, with an especially abrupt decline in
RNFL thickness noted as pressure zone area exceeded 200
conventional units. An increase in RNFL thickness by 1
resulted in an improvement in VA by 0.0385. VA decreased
non-linearly with increased pressure zone area, and the
most abrupt decline in VA is noted when pressure zone
area ranges between 100 and 200 conventional units. Both
RNFL thickness and VA decreased with increased pressure
zone area, which confirms the mechanism of damage to
visual pathways.

The worst VA (0.42) and RNFL thickness (40 pum)
values were noted for a pressure zone area of 300
conventional units, and the best VA (0.88) and RNFL
thickness (100 um) values, for the minimum pressure zone
area (100 conventional units). Special attention should be
given to cases in which pressure zone area exceeds 200
conventional units, resulting in abrupt worsening of the
parameters.

Fresyuie Zone area
| penwenmonnl L)

Fig. 4. 3D visualization of interrelationships between the
area of the zone of chiasmal pressure, visual acuity and
retinal nerve fiber layer (RNFL) thickness

Multivariate regression analysis based on the data
obtained was conducted to find the equation z (x, y) of
the relationship between the variables, where z is pressure
zone area, X is VA, and y is RNFL thickness (Fig. 5).

Second-degree polynomial regression produced the
following equation:

z = 37738 + 122.19x — 2.25y — 77.74x*> — 2.91xy +
0.02y?,

where z is pressure zone area (conventional units), X is
VA, and y is RNFL thickness (um).
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Fig. 5. Multivariate regression analysis

The mathematical model was developed using the
entire data array of 361 patients. The high coefficient of
determination value (R?=0.9910 (99.10%)) indicates that
the model is well fit.

The linear term (122.19x) and quadratic term (—
77.74x2) of VA has the largest effect, whereas the effect
of the linear term of RNFL thickness (-2.25y) is smaller.
Interaction between VA and RNFL thickness (—2.91xy) has
some effect, and the effect of the quadratic term of RNFL
thickness (0.02y?) is the smallest. Pressure zone area
strongly negatively correlated with VA and moderately
negatively correlated with RNFL thickness, whereas VA
positively correlated with RNFL thickness.

This equation can be used for predicting the area of
pressure zone from a PA on the basis of VA and RNFL
thickness.

Discussion

The study sample included 361 patients with PA
(54.7% were women and 45.3% were men; mean age, 54.3
+ 12.5 years). Of these, 115 had early-stage PA, 157 had
moderately advanced PA, and 89 had advanced PA. The
difference between groups was not statistically significant.

The study has confirmed the efficacy of using both CT
and MRI for assessing the size of the tumor. A mathematical
model (z=377.38 + 122.19x — 2.25y — 77.74x* - 2.91xy +
0,02y?) was developed for predicting the area of pressure
zone from a PA. Critical thresholds of the area of the zone
of chiasmal pressure from a PA were determined. An
especially abrupt decline in RNFL thickness was noted as
pressure zone area exceeded 200 conventional units, and
the worst VA (0.42) and RNFL thickness (40 pm) values
were noted for a pressure zone area of 300 conventional
units.

The model proposed has some substantial advantages
compared to those developed previously by other
researchers [11-13]. It is based on a complex approach
that combines clinical data with mathematical modeling.
This allows taking in account multiple parameters such as

PZA (calculated with the help of 3D modeling), VA and
RNFL thickness (determined with the help of OCT).

High model fitness (R? = 0.9910) and clear correlations
between parameters provide for a reliable prediction of the
area of pressure zone from a PA. This has an important
practical value for detecting the pathology early and
planning the treatment strategy early. Unlike studies
reporting on the development of previous models [14—-16],
the current study used both modern imaging techniques
and mathematical modeling. Critical thresholds of the area
of pressure zone from a PA were determined and clear
correlation relationships between the parameters were
established, which allows for predicting the course of the
disease. The model is easy to use in clinical practice and
enables optimizing the treatment strategy.

Especially important was the establishment of a
threshold value (200 conventional units) for pressure
zone area, on exceeding which abrupt worsening of the
parameters is noted. This allows early detection of patients
atrisk for disease progression to select the most appropriate
time and strategy for treatment.

This study revealed clear relationships between tumor
growth and changes in VA in patients. Average VA was 0.88
in patients with early PA, 0.56 in those with moderately
advanced PA, and 0.42 in those with advanced PA.
Especially important was the establishment of a non-linear
nature of this relationship, with the most abrupt decline in
VA noted when pressure zone area ranges between 100 and
200 conventional units.

We found a strong negative correlation (r = —0.9754)
between pressure zone area and VA. Second-degree
polynomial regression showed a high agreement with the
data (R? = 0.9910), with an increase in the pressure zone
area by 1 conventional unit resulting in a decrease in VA
by 0.1091. A critical VA loss is observed when the pressure
zone area exceeds 200 conventional units.

Additionally, we found a strong positive correlation (r
= 0.8312) between RNFL thickness and VA. An increase
in RNFL thickness by 1 resulted in an improvement in
VA by 0.0385. The best VA (0.88) was found at an RNFL
thickness of 100 pm, whereas a reduction in RNFL
thickness to 40 pm was found to result in a critical decline
in VA to 0.42.

The results obtained are confirmed by statistical
significance and high R2 value. Further research is required
to validate the model in an independent cohort of patients.

This study takes into account major ONCC
compression parameters that can be mathematically
calculated, and demonstrates their correlation with
functional and morphometric parameters (VA and RNFL
thickness, respectively). We are, however, aware that
there are other factors (tumor density, tumor invasiveness,
tumor growth rate, and vascular and individual anatomic
parameters) that cannot be calculated using this model but
have a significant effect on visual loss. Nevertheless, the
integration of the model into routine MRI screening would
create a new tool for the qualitative assessment of risk of
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irreversible vision loss. The model enables personalizing
the indication for surgery by clearly determining the time
when the pressure zone area approaches a critical threshold
of 200 conventional units, which is a signal for urgent
intervention. A high accuracy of the model (R2 = 0.991)
decreases the risk of unjustified delay of operation and
guarantees that the prediction of vision loss is consistent
with the actual degradation of visual pathways.

Therefore, the model developed represents an effective
tool for the diagnosing and predicting the course of the
disease, which is important for clinical practice.
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