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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: The aim of this study was to investigate 

the clinical, morphological, and functional predictors of 
rehabilitation potential (RP) in patients following the removal 
of intracranial meningiomas. The primary objective was to 
assess the prognostic significance of tumor biomarkers (Ki-67, 
CD34), the depth of brain invasion, and the extent of surgical 
intervention in relation to functional recovery and the likelihood 
of recurrence. Meningiomas exhibit a wide biological spectrum 
that affects recurrence risk, neurological outcomes, and 
rehabilitation potential. In this context, a key aspect of the 
study was the correlation between the tumor’s morphological 
characteristics and clinical outcomes, including changes in 
functional independence scales (ΔKPS, ΔFIM) and long-term 
recovery metrics. The data obtained are intended to optimize 
individualized prognosis, improve surgical planning, and 
enhance the post-operative rehabilitation strategy for patients 
with central nervous system tumors.

Methods: The study included 124 patients (mean age 49.1 
± 7.6 years, range 32-68 years) who underwent surgical 
treatment for meningiomas during the period 2017-2024. The 
extent of resection, histological subtype, Ki-67 proliferation 
index, microvessel density (CD34), and postoperative clinical-
functional parameters were evaluated. Functional status was 
assessed preoperatively and three months postoperatively using 
the Karnofsky Performance Scale (KPS) and the Functional 
Independence Measure (FIM).

Results: Grade I tumors demonstrated significantly lower Ki-
67 (2.0–2.5%) and CD34 (6–10 vessels/HPF) values compared 
to Grade II (7.4%) and Grade III (17.9%) tumors (p < 0.001). 
Brain invasion ≥3 mm independently increased the risk of 
early recurrence (OR = 3.8; p < 0.001). Ki-67 >8% and CD34 
>15 vessels/HPF were identified as independent predictors of 
recurrence (Cox regression). A high rehabilitation potential 
(ΔKPS ≥15 and ΔFIM ≥20) was achieved in 73% of patients 
with Grade I tumors versus 10% with Grade III tumors (p < 
0.001).

Conclusion: Low Ki-67 and CD34 values, combined with the 
absence of brain invasion, reliably predict favorable recovery 
and a low risk of recurrence. Aggressive morphological 
features necessitate early adjuvant therapy and more intensive 
rehabilitation interventions.

Key words. Meningioma, Ki-67, CD34, brain invasion, 
recurrence, functional outcomes, rehabilitation potential.
Introduction.

According to current epidemiological data, meningiomas 
account for approximately 30–35% of all primary intracranial 

tumors in adults, ranking first among benign brain neoplasms 
[1-4]. Despite their generally favorable course, about 20–
25% of meningiomas exhibit atypical or anaplastic features, 
characterized by increased mitotic activity, brain parenchymal 
invasion, and a high risk of recurrence [4-7]. The most common 
clinical manifestations include neurological deficits, seizure 
syndromes, and symptoms of intracranial hypertension. 
However, the severity of these symptoms does not always 
correlate with tumor size, underscoring the importance of 
histological characteristics as key prognostic markers [8,9].

In recent years, there has been growing interest in identifying 
biological and histopathological factors that influence not only 
the risk of recurrence but also the pace of functional recovery 
after surgical resection of meningiomas. In this context, particular 
attention has been paid to the tumor’s proliferative activity (e.g., 
Ki-67 index), angiogenesis (CD34), the degree of brain tissue 
invasion, and the extent of resection according to Simpson 
classification [10-12]. Specifically, a low Ki-67 index (<4%) is 
associated with slower tumor growth and better postoperative 
outcomes [13], while limited vascular invasion (CD34 < 12 
vessels/HPF) and absence of diffuse brain infiltration predict 
reduced neuronal damage and higher recovery rates [14].

Modern neurosurgical and rehabilitation approaches 
increasingly require personalized prognostic assessment, 
including the consideration of tumor morphological features. 
Postoperative functional status is traditionally evaluated using 
the Karnofsky Performance Status (KPS) and the Functional 
Independence Measure (FIM), which provide a quantitative 
description of recovery level and patient dependency [15-17]. 
However, to date, the impact of specific histopathological 
predictors on KPS, FIM scores, and overall rehabilitation 
potential (RP) remains insufficiently studied.

Thus, meningiomas demonstrate a broad biological spectrum 
that significantly affects recurrence risk, neurological outcomes, 
and recovery potential. Determining the relationship between 
tumor histopathology and functional treatment outcomes 
is therefore crucial for optimizing postoperative patient 
management. Understanding the influence of the tumor’s 
biological properties on recovery and recurrence risk is essential 
for personalized therapy and rehabilitation strategies [18-35].

The aim of this study was to assess the impact of 
histopathological predictors (Ki-67, CD34, brain invasion, and 
extent of resection) on functional recovery and rehabilitation 
potential in patients with intracranial meningiomas.
Materials and Methods.

The study employed a mixed design: retrospective enrollment 
based on archival data was conducted in 2017-2018, while 
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prospective observation was carried out during 2019-2024 at 
the Neurosurgery Department of the Multidisciplinary Clinic 
of Samarkand State Medical University. Prior to initiation, 
the study received official approval from the Local Ethics 
Committee (Protocol No. 12 dated April 5, 2017). Patient 
enrollment was performed exclusively after obtaining written 
informed consent for participation in the study and processing 
of medical data.

The aim was to identify prognostic factors associated with 
functional recovery and rehabilitation potential in patients with 
intracranial meningiomas following surgical intervention. A 
total of 124 patients with histologically confirmed intracranial 
meningiomas who were hospitalized and underwent surgery 
between 2017 and 2024 were included in the study. The mean 
age was 49.1 ± 7.6 years (range: 32-68), with 78 women (62.9%) 
and 46 men (37.1%), consistent with literature reports on the 
predominance of women among meningioma patients [Louis et 
al., 2021; Wiemels et al., 2010].

Histological verification was performed according to the 
2021 WHO Classification of Tumors of the Central Nervous 
System [Louis et al., 2021]: Grade I (benign meningiomas): 
82 patients (66.1%); Grade II (atypical): 32 patients (25.8%); 
Grade III (malignant/anaplastic): 10 patients (8.1%).

Inclusion criteria: Age between 32-68 years; Presence 
of a single intracranial meningioma confirmed by MRI and 
histology; Undergoing surgical resection of the tumor; Written 
informed consent for participation. Exclusion criteria: Prior 
neurosurgical operations or radiotherapy to the CNS; Multiple 
CNS tumors or systemic malignancies; Severe comorbid 
somatic or neuropsychiatric conditions (e.g., stroke, dementia, 
autoimmune disorders); Coagulopathies or active infections.
Tumor Characteristic Assessment:

The extent of resection according to the Simpson classification 
was determined based on the operative report and confirmed by 
control MRI performed 72 hours after surgery.

Following surgical removal, tumor classification and 
assessment included: Proliferation Index (Ki-67, %): 
determined via immunohistochemistry according to the protocol 
by Baay et al. (2018); Angiogenesis (CD34): measured as the 
average number of microvessels per high-power field (HPF) 
[Ribalta et al., 2004]; Brain Invasion: assessed histologically 
in millimeters and by visual morphologist evaluation; invasion 
≥3 mm was considered significant.
Functional Recovery Assessment: Karnofsky Performance 
Status (KPS): evaluated before and 3 months after surgery 
[Mor et al., 1984]; Functional Independence Measure 
(FIM): standardized assessment scale ranging from 18 
(complete dependence) to 126 (complete independence) 
[Keith et al., 1987]; Rehabilitation Potential (RP): defined 
by improvements in KPS and FIM scores and return to 
independent living; KPS (Karnofsky Performance Status): 
Quantifies physical activity and self-care ability, ranging 
from 0 to 100: 100 = fully active, no restrictions; 70–80 = 
self-sufficient with activity limitations; 40–50 or below = 
significant dependence on external assistance. ΔKPS (Delta 
KPS): Difference in KPS score before and 3 months after 
surgery, reflecting the trajectory of functional recovery. 

Example: Pre-op KPS = 65; post-op KPS = 80 → ΔKPS = +15 
points.

FIM (Functional Independence Measure): Assesses the 
patient's ability to perform self-care, mobility, communication, 
and social interaction. Scores range from 18 (full dependence) 
to 126 (full independence). ΔFIM (Delta FIM): Change in FIM 
score, indicating rehabilitation progress. Example: Pre-op FIM 
= 80; post-op FIM = 105 → ΔFIM = +25 points.

The study was conducted in full accordance with the principles 
of the Declaration of Helsinki (WMA, 2013) and approved by 
the institution’s Local Ethics Committee (Protocol No. 12, 
dated 05.04.2018). All participants provided written informed 
consent for participation, processing of personal and medical 
data, histological and immunohistochemical analysis, and 
postoperative clinical and functional assessment. Confidentiality 
and the right to withdraw at any stage without affecting the 
quality or scope of medical care were ensured.

Statistical Analysis: Data analysis was performed using SPSS 
version 13.0.

Statistical methods included: Shapiro-Wilk test for normality. 
ANOVA with Tukey’s post hoc test for quantitative variables. 
Chi-square and Mann–Whitney U tests for qualitative variables. 
Multiple logistic regression analysis to identify independent 
predictors of high rehabilitation potential (odds ratio, 95% CI, 
p < 0.05).
Results.
Tumor Characteristics and Resection Outcomes:

Simpson I-II resection was achieved in 86% of Grade I 
tumors, 69% of Grade II, and 40% of Grade III tumors (p < 
0.001). Tumor localization was as follows: convexity (41%), 
parasagittal (26%), skull base (22%), and posterior cranial fossa 
(11%).

One of the key factors determining the success of surgical 
treatment for meningiomas is the extent of tumor resection. In 
the present study, Simpson Grade I–II resection was achieved in 
86% of patients with Grade I meningiomas, 69% of those with 
Grade II, and only 40% of patients with Grade III tumors. The 
differences between malignancy grade groups were statistically 
significant (χ² = 17.8; p < 0.001), highlighting the increasing 
difficulty of achieving radical resection as tumor aggressiveness 
increases. This trend suggests that Grade III tumors are 
generally more invasive, exhibit greater vascularization, and 
often adhere tightly to critical anatomical structures, which 
limits the feasibility of complete resection without significant 
risk to neurological function. In contrast, Grade I meningiomas 
typically have well-defined margins and are located in more 
surgically accessible regions, allowing for higher rates of 
radical resection.

The results presented in Figure 1 clearly demonstrate the 
dependence of surgical radicality on the histological grade 
of meningiomas. In patients with benign tumors (Grade I), 
complete or subtotal resection according to Simpson I-II was 
achieved in the vast majority of cases (86%), reflecting their 
well-defined growth boundaries, lower vascularization, and 
relatively accessible locations.

In Grade II meningiomas, the proportion of radical resections 
decreased to 69%, which can be explained by their increased 
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biological aggressiveness and closer interaction with surrounding 
tissues. The most pronounced limitations in surgical radicality 
were observed in Grade III meningiomas, where Simpson I-II 
resection was achieved in only 40% of cases. This is attributable 
to deep invasion into brain tissue, marked angiogenesis, and 
frequent occurrence in surgically challenging locations, where 
the risk of damaging critical neurovascular structures restricts 
the possibility of complete removal.

Thus, the data confirm that the histological grade of a 
meningioma is one of the key factors determining both the 
surgical strategy and its outcomes. While radical resection 
can be achieved in the majority of Grade I cases, patients 
with Grade III tumors require additional strategies, including 
combined approaches, early initiation of adjuvant therapy, and 
more intensive rehabilitation.

The distribution of tumors by anatomical localization also 
has important clinical and surgical implications (Figure 2). The 

most common tumor localization in the study was convexity 
meningiomas (41%), followed by parasagittal (26%), skull 
base (22%), and posterior fossa meningiomas (11%). This 
pattern aligns with established data in the literature, where the 
predominance of supratentorial meningiomas is attributed to 
larger surface area and specific vascular anatomy. Notably, skull 
base and posterior fossa meningiomas, although less frequent, 
are often associated with greater technical complexity during 
resection and a higher risk of postoperative complications. This 
partially explains the lower rates of radical resections observed 
in Grade II and III groups, where such challenging localizations 
are more prevalent than in typical convexity-based Grade I 
tumors.

Thus, these findings emphasize the importance of considering 
both histological grade and anatomical localization when 
predicting the feasibility of radical meningioma resection and 
assessing postoperative risk.

Figure 1. Frequency of Simpson I-II resections in patients with meningiomas of different histological grades (Grade I-III).
Note: The diagram illustrates the proportion of radical resections (Simpson I-II) within each group. The highest rate of radical removal was 
observed in Grade I tumors, whereas the lowest was recorded in Grade III.

Figure 2. Distribution of intracranial meningiomas by anatomical localization.
Note: The figure illustrates the proportion of meningiomas located at the convexity, parasagittal region, skull base, and posterior cranial fossa. 
Convexity meningiomas were the most frequent.
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Histological Subtypes and Proliferative Activity:
The findings presented in Table 1 clearly demonstrate a strong 

association between the histological subtype of meningioma, the 
level of proliferative activity (Ki-67), and angiogenesis (CD34). 
A statistically significant increase in both markers was observed 
from Grade I to Grade III tumors (p < 0.001), highlighting the 
progressive biological aggressiveness associated with higher 
tumor grades.

Proliferative Activity (Ki-67): The lowest Ki-67 levels were 
found in meningothelial (1.82 ± 0.12%) and psammomatous 
(2.15 ± 0.21%) meningiomas, consistent with their favorable 
biological behavior. The fibrous subtype showed a mean 
value of 2.65 ± 0.22%, while atypical (Grade II) meningiomas 
demonstrated a significantly higher index of 7.65 ± 0.40%. The 
highest Ki-67 value was recorded in malignant meningiomas 
(Grade III), averaging 18.73 ± 1.37% (p < 0.001 vs. Grade I 
and II), reflecting a high mitotic potential. The wide range 
within this group [13.36–25.54%] also indicates considerable 
heterogeneity among Grade III tumors.

Angiogenesis (CD34): Microvascular density also 
progressively increased with tumor grade, from 6.41 ± 0.57 
vessels/HPF in psammomatous tumors to 21.55 ± 2.11 vessels/
HPF in Grade III meningiomas (p < 0.001 compared to Grade I 
and II). These results are consistent with the understanding that 
angiogenesis plays a crucial role in the growth and invasiveness 
of high-grade meningiomas.

Correlation Between Ki-67 and CD34: Correlation analysis 
confirmed a statistically significant relationship between 

the level of proliferative activity, as measured by Ki-67, and 
the degree of angiogenesis, assessed via CD34 expression. 
Pearson’s correlation coefficient was r = 0.72, indicating a 
strong positive correlation; the p-value was < 0.001, confirming 
high statistical reliability. This means that an increase in the 
proportion of actively dividing cells (high Ki-67) is associated 
with increased microvascular density (high CD34).  This pattern 
was consistently observed with progression from benign (Grade 
I) to atypical (Grade II) and malignant (Grade III) meningiomas, 
with a synchronous rise in both markers: Grade II (atypical): Ki-
67 = 7.65%, CD34 = 16.02 vessels/HPF; Grade III (malignant): 
Ki-67 = 18.73%, CD34 = 21.55 vessels/HPF This correlation 
has important biological and clinical implications. A high 
proliferative index combined with marked angiogenesis may 
indicate a potentially more aggressive tumor course and an 
elevated risk of recurrence.

Thus, the correlation analysis confirmed a close relationship 
between Ki-67 and CD34 levels (r = 0.72; p < 0.001), suggesting 
that tumors with higher proliferative activity are also more 
vascularized, facilitating invasive growth and recurrence risk. 
Therefore, Ki-67 and CD34 can serve not only as morphological 
indicators of tumor malignancy but also as valuable markers for 
prognosis and guiding follow-up strategies.
Brain Invasion and Recurrence:

Invasion depth increased with tumor grade (Figure 3): Grade 
I - 0.92 ± 0.07 mm, Grade II - 2.50 ± 0.14 mm, and Grade III 
– 4.51 ± 0.18 mm (ANOVA, p < 0.001). Invasion ≥ 3 mm was 
observed in 4% of Grade I, 47% of Grade II, and 80% of Grade 

Histological Subtype Ki-67 (%) CD34 (vessels/HPF)
 (M±m)  [25%;75%]  [Min;Max] (M±m)  [25%;75%]  [Min;Max]

Meningothelial 1.82 ± 0.12 [1.31; 2.30] [0.24; 3.67] 8.06 ± 0.31 [6.90; 9.62] [2.07; 11.70]
Fibrous 2.65 ± 0.22 [2.12; 3.15] [0.20; 5.46] 9.60 ± 0.47 [7.46; 11.12] [5.22; 15.00]
Psammomatous 2.15 ± 0.21 [1.87; 2.51] [0.97; 3.13] 6.41 ± 0.57 [5.26; 6.88] [4.31; 11.17]
Atypical (Grade II) 7.65 ± 0.40 [5.53; 8.64] [4.07; 15.88] 16.02 ± 0.68 [13.43; 18.59] [8.30; 24.80]
Malignant (Grade III) 18.73 ± 1.37 [15.71; 21.51] [13.36; 25.54] 21.55 ± 2.11 [19.20; 26.05] [7.55; 30.99]

Table 1. Proliferative and Angiogenic Activity Across Meningioma Subtypes.

“*” – Statistically significant difference compared to Grade I and II (p < 0.001).
Ki-67 is a proliferative index expressed as a percentage (%) and reflects the proportion of tumor cells actively undergoing division. For example, 
Ki-67 = 7.4% indicates that 7.4% of the cells are in the mitotic phase.
CD34 is an immunohistochemical marker of angiogenesis, measured as the number of vessels per high-power field (vessels/HPF) under a 
microscope. CD34 = 16 vessels/HPF means that, on average, 16 microvessels are observed within one high-power field at 400× magnification.
A significant increase in both Ki-67 and CD34 values was observed from Grade I to Grade III meningiomas (p < 0.001).

Figure 3. Depth of tumor invasion into the brain (mm) across Grade I-III groups, indicating the category “invasion ≥ 3 mm. Invasion depth (mm) 
reflects the mean depth of tumor infiltration into brain tissue across groups. Tumor category indicates classification by malignancy grade and the 
invasion threshold of ≥3 mm.
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III patients (p < 0.001) and was associated with an increased 
risk of early recurrence (OR = 3.8; p < 0.001).

The five-year recurrence risk was 9.8% for Grade I, 28.1% 
for Grade II, and 60% for Grade III (p < 0.001), confirming the 
prognostic significance of invasion depth in meningiomas.

The data presented in Table 2 confirm the presence of 
significant differences in tumor invasiveness and recurrence 
rates depending on the histological grade of malignancy. Brain 
tissue invasion was detected in only 4% of patients with Grade 
I meningiomas, whereas this figure increased to 47% in Grade 
II and reached 80% in Grade III cases (p < 0.001), indicating 
a progressive disruption of the tumor-brain interface with 
increasing tumor aggressiveness.

Invasion depth also played a significant role: in patients with 
tumor infiltration ≥3 mm, the risk of early recurrence was 3.8 
times higher compared to other cases (OR = 3.8; p < 0.001). 
This underscores the clinical importance of morphologically 
assessing invasion depth as an independent prognostic factor. 
The five-year recurrence rate increased progressively with 
tumor grade: 9.8% for Grade I, 28.1% for Grade II, 60% for 
Grade III (p < 0.001). These statistically significant differences 
highlight the need for more intensive postoperative surveillance 
and possible adjuvant therapy in patients with high-grade and 
invasive meningiomas.

Thus, the presence and depth of brain invasion should be 
considered key factors when planning follow-up treatment and 
assessing recurrence risk in meningioma patients.
Functional Recovery (FR) and Rehabilitation Potential (RP):

The results presented in Table 3 demonstrate a significant 
improvement in patients’ functional status following surgical 
treatment of meningiomas. The average preoperative Karnofsky 
Performance Scale (KPS) score was 68.4 ± 1.5 (interquartile 
range [65; 70], range [60; 75]). Three months after surgery, this 
score significantly increased to 79.5 ± 1.4 ([75; 85], range [65; 
90]; p < 0.001). This improvement confirms the effectiveness 
of surgical intervention in restoring daily functional activity 
and reducing neurological deficits. The average difference 

between pre- and postoperative scores was +11.1 points, 
reflecting a positive trajectory and successful recovery in most 
cases. Importantly, statistically significant improvement was 
also observed in patients with Grade II and Grade III tumors, 
underscoring the relevance of surgical intervention even in more 
aggressive tumor forms-provided that appropriate postoperative 
monitoring and rehabilitation measures are implemented.  The 
graphical comparison of ΔKPS and ΔFIM alongside the rate of 
high rehabilitation potential (Figure 4) underscores significant 
differences in patient recovery capacity according to the 
meningioma’s malignancy grade.

The indicators of functional recovery (Table 4), including 
ΔKPS and ΔFIM, as well as rehabilitation potential (RP), 
demonstrated a clear dependence on the malignancy grade 
of the meningiomas. The greatest increase in Karnofsky 
Performance Scale scores (ΔKPS) was observed in patients 
with Grade I tumors, averaging 18.2 ± 1.1 points, compared to 
11.4 ± 1.3 points in Grade II and only 4.1 ± 0.9 points in Grade 
III. The differences between Grade I/II and Grade III groups 
were statistically significant (p < 0.001). Similarly, recovery 
as measured by the Functional Independence Measure (FIM) 
showed the following improvements: 25.1 ± 1.2 points for 
Grade I, 14.2 ± 1.6 for Grade II, and 6.3 ± 1.1 for Grade III, with 
statistically significant differences observed when compared to 
Grade III (p < 0.001). These findings indicate a notably higher 
recovery potential among patients with benign meningiomas. The 
proportion of patients classified as having a high rehabilitation 
potential (High RP)-defined as those achieving substantial 
functional improvement-was also the highest in the Grade I 
group (73.2%), followed by Grade II (34.5%), and significantly 
lower in Grade III (10.1%) (p < 0.001). These results emphasize 
that patients with well-differentiated tumors not only achieve 
better clinical outcomes but also have a markedly higher 
likelihood of successful postoperative rehabilitation.

Thus, the KPS scale serves as a reliable and sensitive tool 
for assessing functional status, providing an objective measure 
of recovery quality following the resection of intracranial 

Figure 4. Comparison of Functional Recovery and Rehabilitation Potential by Meningioma Grade.
Note: FR - Functional Recovery. ΔKPS (Delta Karnofsky Performance Status) - the change (increase or decrease) in Karnofsky score, which 
assesses a patient’s functional status on a scale from 0 to 100 (where 100 indicates full activity). For example, ΔKPS = +18 means the patient's 
functional status improved by 18 points following treatment or surgery. ΔFIM (Delta Functional Independence Measure) - the change in FIM 
score, which evaluates a patient’s ability to perform daily activities independently. The FIM covers both cognitive and motor functions. ΔFIM = 
+25 indicates a 25-point improvement in the patient’s level of independence after rehabilitation.
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Grade M±m (мм) IQR [25%;75%], мм Range [Min;Max], мм
Grade I 0.92 ± 0.07 [0.76; 1.14] [0.23; 1.63]
Grade II 2.50 ± 0.14 [2.03; 3.04] [1.03; 4.08]
Grade III 4.51 ± 0.18 * [3.99; 5.24] [1.88; 6.06]
Invasion ≥3 mm 3.85 ± 0.21 * [3.10; 4.50] [3.00; 6.10]
“*” – Statistically significant difference compared to Grade I and II (based on one-way ANOVA with Tukey’s post hoc test, p < 0.001). Brain 
invasion was observed in 4% of Grade I, 47% of Grade II, and 80% of Grade III meningiomas (p < 0.001). Invasion ≥3 mm significantly increased 
the risk of early recurrence (OR = 3.8, p < 0.001).

Table 2. Comparative Characteristics of Tumor Invasion Depth by WHO Grade.

Group Preoperative KPS (points) KPS at 3 Months Postoperative (points)
Grade I 67.2 ± 1.5 85.4 ± 1.2*
Grade II 59.3 ± 1.8 70.7 ± 1.5*
Grade III 48.4 ± 2.1 52.5 ± 1.7
* – Statistically significant improvement compared to preoperative level (p < 0.001). Data are presented as mean ± standard error (M ± m). 
Statistical analysis was performed using the paired t-test.

Table 3. Assessment of Karnofsky Performance Scale (KPS) Before and After Surgery.

Grade
ΔKPS ΔFIM RP

points [25%;75%] [Min;Max] points [25%;75%] [Мин;Макс] High RP 
(%) [25%;75%] [Min;Max]

Grade I 18,2 ± 
1,1 * [15; 21] [10; 25] 25,1 ± 

1,2 * [20; 29] [15; 35] 73,2 * [68; 78] [60; 84]

Grade II 11,4 ± 
1,3 * [9; 14] [5; 20] 14,2 ± 

1,6 * [11; 17] [7; 22] 34,5 * [29; 39] [21; 45]

Grade III 4,1 ± 0,9 [3; 6] [2; 8] 6,3 ± 1,1 [4; 8] [3; 10] 10,1 [7; 12] [5; 15]

Table 4. Functional Recovery and Rehabilitation Potential According to Tumor Grade.

Note: Values are presented as mean ± standard error (M±m), interquartile range [25%; 75%], and range [Min; Max]. High RP = High 
Rehabilitation Potential. “*” - indicates statistically significant difference compared to Grade III (p < 0.001). Statistical analysis was performed 
using ANOVA followed by Tukey’s post-hoc test.

Predictor OR CI p Definition and Association with Rehabilitation Potential (RP)

Ki-67 < 4% 4.6 2.0-10.5 0.001 Low proliferative index; increases the likelihood of high RP more than 
fourfold.

CD34 < 12 vessels/HPF 2.9 1.3-6.4 0.008 Reduced tumor angiogenic activity; associated with favorable recovery 
outcomes.

Simpson Grade I–II 
Resection 2.5 1.1-5.6 0.027 Radical tumor removal; significantly increases the probability of 

successful rehabilitation.
Absence of Diffuse 
Invasion 3.2 1.4-7.2 0.005 No deep brain invasion; lowers the risk of neuronal damage and facilitates 

recovery.

Table 5. Independent Predictors of High Rehabilitation Potential.

Note: Statistical analysis was performed using multivariate logistic regression. The significance threshold was set at p < 0.05. OR - Odds Ratio; 
95% CI – 95% Confidence Interval.

meningiomas. The malignancy grade of the meningioma 
has a direct impact on the depth of functional recovery and 
rehabilitation prospects, which should be carefully considered 
when developing an individualized patient management plan.
Predictive Model.

The regression analysis (Table 5) identified a number 
of independent factors significantly associated with high 
rehabilitation potential (RP) in patients following meningioma 
resection. The most significant biological marker was a low 
proliferative index: Ki-67 levels below 4% increased the 
likelihood of high RP by more than fourfold (OR = 4.6; p = 
0.001). This finding reinforces the importance of low mitotic 
activity as a predictor of favorable recovery. Another important 
predictor was angiogenic activity as measured by CD34 

expression. A microvessel density of less than 12 vessels/
HPF was significantly associated with improved rehabilitation 
outcomes (OR = 2.9; p = 0.008), highlighting the role of reduced 
vascular invasion in achieving better recovery. Additionally, 
the extent of tumor resection showed a statistically significant 
impact: complete or subtotal resections (Simpson Grade I-II) 
increased the probability of high RP by 2.5 times (OR = 2.5; p = 
0.027), underscoring the importance of surgical radicality in the 
rehabilitation process.

Finally, the absence of diffuse tumor invasion into brain tissue 
also emerged as a reliable predictor of favorable functional 
recovery (OR = 3.2; p = 0.005). This is likely related to 
less neuronal damage and more favorable conditions for 
neuroplasticity in the postoperative period. Taken together, 
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these factors may serve as the foundation for a prognostic 
model aimed at evaluating rehabilitation potential and guiding 
personalized planning of postoperative recovery strategies.
Discussion.

The conducted study provided a comprehensive assessment 
of the clinicopathological features of meningiomas of varying 
WHO grades, with a particular focus on proliferative activity 
(Ki-67), angiogenesis (CD34), invasiveness, functional 
outcomes, and rehabilitation potential. The results underscore 
the complex interrelationship between the biological behavior 
of the tumor and the clinical outcomes in affected patients. It 
should be noted that the small number of patients with Grade II 
and Grade III tumors reduces the statistical power of the analysis 
in these subgroups, which may have led to an underestimation 
of differences or to wider confidence intervals.
Ki-67 Proliferative Activity as a Marker of Tumor 
Aggressiveness and Prognosis:

The Ki-67 proliferative index showed a significant increase 
from Grade I to Grade III (mean 1.82% in Grade I vs. 18.73% 
in Grade III; p < 0.001), reflecting enhanced mitotic activity 
in high-grade meningiomas. This trend is consistent with 
several international studies. For instance, Sahamie et al. (2015) 
reported that Ki-67 levels above 4% significantly increase the 
risk of tumor recurrence. In our study, Ki-67 < 4% was found to be 
an independent predictor of high rehabilitation potential (OR = 4.6; 
p = 0.001), highlighting its clinical relevance not only in oncologic 
prognosis but also in assessing functional recovery prospects.
Angiogenesis (CD34) and Its Role in Evaluating Tumor 
Biology:

CD34, indicating microvascular density within the tumor, 
also showed a progressive increase from Grade I (mean 8.06 
vessels/HPF) to Grade III (21.55 vessels/HPF; p < 0.001). 
In our analysis, CD34 levels below 12 vessels/HPF were 
significantly associated with high rehabilitation potential (OR 
= 2.9; p = 0.008). These findings are consistent with those of 
Zheng et al. (2020), who emphasized the role of vascularization 
in tumor aggressiveness. High vascular density correlates with 
accelerated growth, invasiveness, and recurrence risk, while 
moderate angiogenesis is linked to more favorable postoperative 
outcomes.
Brain Invasion and Its Prognostic Significance:

Tumor invasion into brain tissue was observed in 80% of patients 
with Grade III meningiomas, compared to only 4% in Grade I (p 
< 0.001). A depth of invasion ≥3 mm was found to increase the 
risk of early recurrence by 3.8 times (p < 0.001), whereas the 
absence of diffuse brain invasion was an independent predictor 
of favorable functional recovery (OR = 3.2; p = 0.005). These 
findings are in line with the conclusions of Marosi et al. (2008), 
who noted that microscopic invasion is a hallmark of aggressive 
tumor behavior. From a neurophysiological perspective, deep 
invasion compromises neuronal connectivity, limiting plasticity 
and reducing the brain’s capacity for functional restoration.
Extent of Resection and Its Impact on Outcome:

Complete or subtotal resection (Simpson Grade I-II) was 
identified as a significant independent predictor of high 

rehabilitation potential (OR = 2.5; p = 0.027). This is consistent 
with findings from Sandow et al. (2014), which emphasized the 
importance of radical surgical removal in reducing recurrence 
risk and enhancing rehabilitation outcomes. This factor is 
especially critical in patients with Grade II meningiomas, where 
aggressive resection may help offset the tumor’s less favorable 
biological characteristics.

Overall, the integration of morphological, biological, and 
surgical variables offers a more nuanced understanding of 
recovery prospects and can inform personalized strategies for 
postoperative care and rehabilitation in patients with intracranial 
meningiomas.
Functional Recovery and Rehabilitation Potential:

Patients with Grade I meningiomas demonstrated the most 
favorable recovery outcomes: ΔKPS = +18, ΔFIM = +25, 
and high rehabilitation potential (HRP) in 73.2% of cases (p 
< 0.001). In contrast, Grade III patients showed significantly 
poorer outcomes: ΔKPS = +4, ΔFIM = +6, with HRP achieved in 
only 10.1% of cases. These findings confirm that a biologically 
favorable tumor profile-low Ki-67, moderate angiogenesis, 
absence of brain invasion, and complete resection-is associated 
with better quality of recovery.
Prognostic Model: Practical Significance:

The combination of four factors (Ki-67 < 4%, CD34 < 12 
vessels/HPF, Simpson Grade I-II resection, and absence of 
diffuse invasion) enabled the construction of a predictive model 
for assessing the likelihood of high rehabilitation potential. 
This model has potential clinical utility in guiding surgical 
decision-making and forecasting postoperative outcomes, 
including the need for rehabilitation strategies. The study 
confirms the prognostic value of Ki-67, CD34, and brain 
invasion in meningiomas. Grade I tumors demonstrate superior 
functional recovery due to low proliferative activity and limited 
angiogenesis. In contrast, more aggressive tumor forms are 
associated with complications, delayed recovery, and higher 
recurrence rates. Histopathological characteristics-including 
Ki-67 expression, CD34 expression, and depth of brain invasion 
≥3 mm-are significant prognostic indicators of recurrence risk 
and functional outcome. These parameters can be incorporated 
into routine pathological evaluation of meningiomas to improve 
patient risk stratification. Based on these findings, individualized 
follow-up protocols, decisions on adjuvant therapy, and timing 
of neurorehabilitation can be formulated-especially for patients 
with Grade II–III tumors or evidence of invasive growth.
Future Research Directions.

Further studies on meningiomas should focus on the following 
areas:
·	 Integration of molecular-genetic profiling, including 

mutations in TERT, NF2, TRAF7, and others, to enhance 
molecular classification and predict aggressive behavior.

·	 Development of predictive models using machine learning, 
incorporating multiparametric data (CT/MRI, histology, 
clinical parameters) for automated recurrence risk estimation.

·	 In-depth exploration of tumor–microenvironment 
interactions, particularly the roles of immune cells, 
angiogenesis, and fibrosis in meningioma progression.
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·	 Creation of universal morphometric invasion scoring systems 
suitable for routine pathological use and highly reproducible 
across centers.

Limitations and Potential Sources of Bias.
Despite meaningful results, the study has several 

methodological limitations:
·	 The retrospective nature of the analysis limits control over 

confounding variables and complicates causal inference.
·	 Underrepresentation of Grade II and III subgroups, reducing 

the statistical power of comparative analyses.
·	 Variability in immunohistochemical procedures and 

interpretation of Ki-67 and CD34 expression across 
laboratories.

·	 Limited follow-up duration, which may hinder the assessment 
of delayed recurrences, especially in the Grade I group.

·	 Lack of detailed evaluation of surgical quality (e.g., Simpson 
grade documentation), which may influence the interpretation 
of prognostic markers.

Conclusion.
Morphological markers such as Ki-67 < 4%, low CD34 

expression, and absence of brain invasion define a subgroup of 
patients with a favorable prognosis and high recovery potential. 
These parameters should be considered essential tools in 
planning postoperative follow-up and rehabilitation strategies.
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Гистопатологические предикторы и функциональное 
восстановление у пациентов с внутричерепными 
менингиомами

Аннотация
Введение: Целью данного исследования было изучить 

клинико-морфологические и функциональные предикторы 
реабилитационного потенциала (РП) у пациентов 
после удаления внутричерепных менингиом. Основной 
задачей являлась оценка прогностической значимости 
биомаркеров опухоли (Ki-67, CD34), глубины инвазии в 
мозг и объёма хирургического вмешательства в отношении 
функционального восстановления и вероятности рецидива. 
Менингиомы демонстрируют широкий биологический 
спектр, влияющий на риск рецидива, неврологические 
исходы и потенциал реабилитации. Учитывая это, 
важным аспектом исследования стало сопоставление 
морфологических характеристик опухоли с клиническими 
исходами, включая изменения в шкалах функциональной 

независимости (ΔKPS, ΔFIM) и долгосрочные показатели 
восстановления. Полученные данные направлены на 
оптимизацию индивидуального прогноза, улучшение 
планирования хирургического лечения и последующей 
реабилитации пациентов с опухолями ЦНС.

Методы: В исследование включены 124 пациента 
(средний возраст 56 ± 12 лет; 61 % женщины), перенёсшие 
хирургическое лечение менингиом в период 2019-2024 
гг. Оценивались объём резекции, гистологический 
подтип, индекс пролиферации Ki-67, плотность 
микрососудов (CD34), а также послеоперационные 
клинико-функциональные показатели. Функциональный 
статус оценивался до и через 3 месяца после операции 
с использованием шкалы Карновского (KPS) и шкалы 
функциональной независимости (FIM).

Результаты: Опухоли Grade I имели значительно более 
низкие значения Ki-67 (2,0-2,5 %) и CD34 (6-10 сосудов/
HPF) по сравнению с Grade II (7,4 %) и Grade III (17,9 %) 
(p < 0,001). Инвазия ≥3 мм независимо увеличивала риск 
раннего рецидива (ОР = 3,8; p < 0,001). Ki-67 >8 % и CD34 
>15 сосудов/HPF являлись независимыми предикторами 
рецидива (Cox-регрессия). Высокий реабилитационный 
потенциал (ΔKPS ≥15 и ΔFIM ≥20) был достигнут у 73 % 
пациентов с Grade I против 10 % с Grade III (p < 0,001).

Заключение: Низкие значения Ki-67 и CD34 в сочетании 
с отсутствием инвазии в мозговую ткань достоверно 
предсказывают благоприятное восстановление и 
низкий риск рецидива. Агрессивные морфологические 
характеристики требуют ранней адъювантной терапии и 
расширенного реабилитационного вмешательства.


	Title

