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Purpose: to improve the outcomes of surgical treatment of parasagittal 
meningioma patients by implementing a differentiated approach to the choice 
of surgical intervention, given the preoperative assessment of patency of the 
superior sagittal sinus (SSS) and collateral venous circulation.
Materials and methods. Analysis of short-term and long-term outcomes of 
surgical treatment of 199 patients in the Department of Neurosurgery № 2, 
Mechnikov Dnipropetrovsk Regional Clinical Hospital was carried out. In the 
first follow-up period (2000 to 2012), the data were obtained retrospectively 
(95 cases). In the second follow-up period (2013 to 2021), the data were 
obtained prospectively (104 cases). The patients were assigned to the groups 
according to a differentiated approach (implemented in 2013) to the choice of 
surgical treatment tactics based on preoperative angiographic data (selective 
cerebral angiography and CT angiography).
Results. In the first follow-up period, the completeness of surgical resection 
according to Simpson Grading Scale was: type I, 23 (24.2%) cases; type II, 37 
(38.9%) cases; type III, 13 (13.7%) cases; type IV, 22 23.2%) cases. 53.7% 
of patients had intraoperative or postoperative complications. Among patients 
with tumors of the middle third of the SSS, 21 (41.2%) had their neurological 
status improved postoperatively. Mortality rate was 4.2%. 14 (14.7%) patients 
had further parasagittal meningioma growth after its removal grade II–IV 
according to Simpson Scale.
In the second follow-up period, the completeness of surgical intervention 
according to Simpson Scale was: type I, 74 (71.2%) cases; type II, 26 (25%) 
cases; type III, 2 (1.9%) cases; type IV, 2 (1.9%) cases. 19.2% of patients 
had intraoperative or postoperative complications. Among the patients with 
tumors of the middle third of the SSS, 46 (79.3%) patients had postoperative 
improvement of neurological status. No lethal outcome was reported. 3 (2.9%) 
patients had further parasagittal meningioma growth after radical surgical 
removal according to Simpson grade II.
Conclusions. Adequate analysis of instrumental methods of brain study using 
cerebral vasculature study, application of neuronavigation station (with brain 
MRI and/or CT angiography data available) and new microsurgical techniques 
contributed to the completeness of surgery and minimally invasive removal 
of parasagittal meningioma with reduced intraoperative and postoperative 
complications, which affected the immediate and long-term treatment 
outcomes.
Key words: parasagittal meningioma; parasagittal meningioma surgery; 
superior sagittal sinus; treatment outcomes; completeness; further growth; 
recurrences.

Introduction
Meningiomas account for 18 to 34% of all primary 

brain tumors. Parasagittal meningiomas (PM), which 
occur in 24.3‒38.6% of cases [1, 2], constitute a large 
group of brain meningiomas. The relevance of the PM 
problem is due to the high frequency of non-radical 
surgeries and recurrences. According to the literature, 
the frequency of complete PM removal according to the 
Simpson I scale (macroscopical total resection of tumor 
with excision of matrix) [3] averaging 50% (from 21 to 
79%), whrereas resection according to Simpson I‒III is 
90% (from 83 to 95%), while resections according to 

Simpson IV-V (subtotal removal of PM) are 10% (from 5 
to 17%). The recurrence rate of PM after surgical removal 
averaging about 12% (from 7 to 18%) over a median 
follow-up period of 5.5 years [1, 4].

It was found that the recurrence rate depends on 
the radical removal and the degree of malignancy of 
the PM (Yu.I. Kopyakivskyi. Parasagittal meningiomas 
[dissertation]. Kyiv (Ukraine): Institute of Neurosurgery 
named after A. P. Romodanov, National Academy of 
Medical Sciences of Ukraine; 1961). Thus, with complete 
removal (Simpson I), recurrences occurred in 1% of 
observations. Patients with incomplete PM resection 
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(Simpson II‒V) had a significantly higher rate of 
further tumor growth – 19% [1, 4]. Recurrences of PM 
corresponding to Grade 1 on WHO classification of the 
central nervous system tumors [5], were registered 
in 20% of cases with an average follow-up period of 
8.7 years (from 2 to 25 years) [4, 6, 7], recurrences of 
tumors Grade 2 ‒ in 37.5% of cases with an average 
follow-up period of 7 years (from 1 to 28 years) [8]. 
Among Grade 3 tumors, more than 50% have relapses 
after 2 years, and 76% - after 5 years [4].

Postoperative complications occur in an average 
of 24% of cases (from 16 to 33%). They manifest as 
hemorrhage in the bed of the removed neoplasm (from 
3 to 9%), thrombosis of the superior sagittal sinus (SSS) 
(from 4 to 15%) and parasagittal veins, later - venous 
infarction (from 1 to 4%). Most venous infarcts (86%) 
occur after removal of PM in the middle third of the SSS 
[1, 4, 6, 9]. Postoperative complications are accompanied 
by the appearance of a new or worsening of an existing 
neurological deficit and can lead to a fatal outcome. The 
frequency of postoperative motor disorders averages 
35% in the case of PM of the middle third of the SSS [1, 
4]. The incidence of such a postoperative complications 
as convulsions averages 2% (from 0 to 6%), and 
infectious complications occur in 3% of cases.

Postoperative lethal outcomes occur in an average 
of 2% (from 1 to 4%) of observations [1, 2, 4, 6, 9].

Unsatisfactory results of surgical treatment of 
patients with PM are associated primarily with tumor 
invasion into the SSS and the difficulty of removing them 
from the SSS or together with the affected sinus area, 
as well as with the histobiological features of the PM.

Purpose: to improve the outcomes of surgical 
treatment of parasagittal meningioma patients by 
implementing a differentiated approach to the choice of 
surgical intervention, given the preoperative assessment 
of patency of the superior sagittal sinus (SSS) and 
collateral venous circulation.

Materials and methods
Study participants
Analysis of short-term and long-term outcomes of 

surgical treatment of 199 patients aged 19-78 years 
(median 55 years) in the Department of Neurosurgery 
№  2, Mechnikov Dnipropetrovsk Regional Clinical 
Hospital was carried out, in the period from 2000 to 
2021 inclusive.

Written informed consent for the study was 
obtained from all patients in accordance with the 
Helsinki Declaration of the World Medical Association 
on Ethical Principles of Scientific Medical Research 
Involving Human Subjects (1964–2008), European 
Society Directive 86/609 on the Participation of Humans 
in Medical and Biological Research, as well as by order 
of the Ministry of Health of Ukraine as amended No. 
690 of 09/23/2009

The study was approved by the Committee on 
Ethics and Bioethics of  Dnipro State Medical University 
(research protocol №1 dated February 10, 2020). The 
work is part of the research work of the Department 
of Nervous Diseases and Neurosurgery of the Faculty 
of Postgraduate Education of Dnipro State Medical 
University №2 dated February 18, 2020.

Inclusion criteria
Criteria for inclusion of patients in the study: patient 

age ≥18 years, parasagittal localization of extracerebral 
tumor according to the results of computed tomography 
(CT) and magnetic resonance imaging (MRI), histological 
verification of meningioma diagnosis.

Characteristics of the group
For comparative analysis, two observation groups 

were identified.
In the first follow-up period (from 2000 to 2012), data 

were obtained retrospectively (95 cases), in the second 
period (from 2013 to 2021) - prospectively (104 cases). 
The criterion for distribution of patients into groups was 
the implementation in 2013 of a differentiated approach 
to the choice of surgical treatment tactics taking into 
account angiographic data before the surgery (selective 
cerebral angiography (CAG) and spiral CT angiography 
(SCT angiography).

CT angiography was performed using a Philips Mx 
8000 IDT device (Netherlands). Selective subtraction 
digital CAG was performed in the endovascular center 
of Dnipropetrovsk Regional Clinical Hospital named 
after I.I. Mechnikov using Innova IGS 540 device (GE 
Healthcare, USA). Contrast agents "Ultravist 370" 
(Germany), "Visipaque 320" (Ireland) were used for CAG.

Study design
A single-center retro-prospective comparative study. 

To assess the compliance of both groups in terms of initial 
characteristics, there were analyzed such data as gender, 
age, location of the neoplasm in relation to the SSS 
(anterior, middle, and posterior thirds), tumor invasion 
into the SSS according to the classification of M.P. Sindou 
and J.E. Alvernia (І‒VI) [6], the degree of malignancy of 
PM (Grade 1‒3 according to WHO classification [5]) and 
assessment of the patient's functional status according 
to the Karnofsky scale before surgery.

Planning the stages of surgery and the extent 
of tumor removal during the follow-up periods

During the first follow-up period, when planning 
the surgery, the localization of the tumor relative to the 
SSS and its size were taken into account, patency of 
the SSS and development of collateral venous outflow 
tracts were occasionally analyzed, as evidenced by 
the low frequency of angiographic studies (selective 
CAG - 10.5%, CT-angiography - 16.8 %). During the 
preoperative examination, CT scan of the brain was 
preferred (76.8%). The low frequency of MRI of the 
brain (45.3%), in particular with intravenous contrast 
(27.4%), did not make it possible to fully assess 
the exact localization of the neoplasm, its size and 
borders, topographic-anatomical relationships with the 
surrounding brain structures  and functionally important 
areas of the brain.

The choice of surgical intervention volume in the 
second follow-up period depended primarily on the 
results of angiographic studies (CT-angiography – 
34.6%, invasive CAG – 21.2%, p=0.004 and p=0.04, 
respectively, compared to the first period): the patency 
of the SSS and the presence of a developed system 
of collateral venous outflow tracts in case of SSS 
occlusion. In case of meningioma invasion (according to 
the classification of M.P. Sindou and J.E. Alvernia type 
I-II, n=72), the radical tumor excision along with the 
matrix was mostly performed (according to Simpson I 
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classification; 55 (76.4%) patients). In case of damage 
to one of the walls of the SSS (classified by M.P. Sindou 
and J.E. Alvernia, type III, n=8), in half of the cases, the 
method of SSS plasty proposed by us [10] was used to 
radically remove the PM. In case of damage to two walls 
of the SSS and preservation of its patency (according to 
the classification of M.P. Sindou and J.E. Alvernia type 
IV, n=4), aggressive manipulations could lead to sinus 
thrombosis and serious complications, therefore, in half 
of the cases, the nodal part of the tumor was removed, 
without removing the matrix (according to Simpson 
III), and the rest of the patients were limited to partial 
removal of PM (according to Simpson IV). According to 
the classification of M.P. Sindou and J.E. Alvernia type 
V-VI (n=20), when the SSS occlusion was confirmed and 
the collateral venous outflow tracts were identified, in 
most cases (14 (70%)) meningioma total excision was 
performed along with the affected part of sinus and falx 
(according to Simpson I). In 8 (57.1%) of such patients, 
the technique developed by us was used to safely close 
marginal SSS defects, with simultaneous preservation 
of collateral venous outflow tracts [11]. In 100 out of 
104 cases (96.2%), a preserved periosteal flap on the 
pedicle was used,  for plastic closure of a defect of the 
convexital dura mater of the brain [12].

During this observation period, 94.2% of patients 
underwent surgical interventions using neuronavigation 
support Stealth Station Treon Plus Medtronic (USA). Prior 
to surgery, brain MRI data with intravenous contrast and 
SCT-angiography were integrated into the navigation 
system and data fusion system (Fusion). The use of the 
neuronavigation system allowed to clearly plan the soft 
tissues incision and the borders of craniotomy, taking 
into account the spread of the nodal component of the 
tumor and the dural tail. In some cases, burr holes 
were placed in the projection of large branches of the 
middle meningeal artery both on the right and on the 
left, guided by neuronavigation data, which made it 
possible to reduce tumor bleeding and blood loss volume 
during craniotomy according to the original method of 
A.G. Sirko [13,14]. After craniotomy, the data of the 
neuronavigation system helped clarify the position of 
the collateral veins and perform a safe incision of the 
dura mater without iatrogenic damage. Neuronavigation 
data allowed to more clearly define the boundaries of 
the tumor-damaged SSS.

Assessment of surgical outcomes
Immediate and long-term results of surgical 

treatment of PM in two follow-up periods were evaluated. 
The immediate results of surgical treatment included:

1) the radicality of surgical intervention according to 
the Simpson grading scale (I‒V), as well as in two groups: 
radical removal (Simpson I) and non-radical removal 
of PM (Simpson II–V). Both groups were evaluated 
according to the degree of SSS invasion according to 
the classification of M.P. Sindou and J.E. Alvernia (I-II, 
III-IV, V-VI);

2) types and frequency of intraoperative complica-
tions: the presence of blood loss and its volume, the need 
for hemotransfusion and its volume, cerebral edema 
and hemodynamic complications; types and frequency 
of postoperative complications: hemorrhage in the bed 
of the removed neoplasm, venous infarction, infectious 
complications;

3) types and frequency of reoperations: intracerebral 
hematoma removal, decompressive craniectomy;

4) assessment of physical function of the patient 
according to the Karnofsky scale during the first 24 
hours after the surgery and at the time of discharge 
from the hospital;

5) assessment of the dynamics of motor disorders 
in patients with PM localization in the middle third of the 
SSS, adjacent to the premotor and motor areas of the 
cerebral cortex;

6) mortality was assessed within 1 month after 
surgery.

Long-term results of surgical treatment included:
1) the frequency of recurrences/further growth of 

PM and the period of their occurrence;
2) the frequency of reoperations due to recurrence/

further growth of PM.
All patients after surgery were subject to dynamic 

follow-up by a neuropathologist and serial SCT/MRI 
control. The first control MRI of the brain was performed 
6 months after the surgery, then annually (in case of a 
stable neurological picture). In case of new neurological 
symptoms or deterioration of existing ones, a control 
brain MRI was performed unscheduled.

"Recurrence" was considered the growth of 
meningioma after its radical removal (Simpson I). 
The term "further growth" of a meningioma is used to 
describe the growth of a residual tumor, as well as to 
describe the transformation of a low-grade meningioma 
into a high grade meningioma (for example, from Grade 
1 to Grade 2 according to the WHO classification) [15]. 
In our study, the tumors that had further growth were 
classified as removed according to the Simpson II‒V 
radicality scale.

Statistical processing of results
Data processing and analysis were performed 

using Statistica v.10 (StatSoft® Inc., USA, license 
№STA862D175437Q) and SPSS 17.0 (IBM, USA). The 
Shapiro-Wilk test was used to verify the conformity of 
the distribution of quantitative traits to the normal law. 
In case of  normal distribution, parametric characteristics 
(arithmetic mean value (M), standard error of the 
arithmetic mean value (m)) and comparison methods 
(Student's test for independent (t) and dependent (T) 
samples) were used. In  case of abnormal distribution, 
the median (Me), interquartile range (LQ‒HQ) were 
calculated, and the Mann‒Whitney (U) test was used for 
comparison. The statistical significance of differences in 
categorical data was assessed by Pearson's chi-squared 
test without Yates' correction (Yates Chi-square). 
Determination of the direction and strength of the 
connection between the features was carried out 
using correlation analysis with the calculation of the 
Spearman’s rank correlation coefficient (rs) regardless of 
their distribution. Differences at p<0.05 were considered 
statistically significant.

Results and discussion
There was a predominance of female patients in 

both follow-up periods - 67 (70.5%) and 75 (72.1%) in 
the first and second periods, respectively (p=0.804). 
Patients were older in the second follow-up period: the 
average age was 59 (from 49 to 66) years versus 52 
(from 47 to 58) years (p=0.000) (Table 1).
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There was no statistically significant difference 
(p=0.894) in the distribution of PM localization in relation 
to SSS in different periods. In half of the cases, the 
PM was located in the medial third of the SSS (53.7 
and 55.8% of cases in the first and second periods, 
respectively) (Table 1).

Type I according to the classification of M.P. Sindou 
and J.E. Alvernia prevailed in terms of tumor invasion 
index into SSS– 63.2 and 61.6% of cases, respectively, 
in the first and second periods (Table 1). No statistically 
significant differences were found in the distribution of 
types of tumor invasion into SSS in different observation 
periods (p=0.157).

Assessment of the degree of malignancy of PM 
showed the prevalance of grade I neoplasms both in the 
first (85.3%) and in the second (85.6%) follow-up period 
(Table 1), without a statistically significant difference 
between the indicators (p=0.633).

Statistically significant differences between the 
groups were found only by the age of the patients: 
the predominance of patients aged 45 to 59 years in 
the first period and from 60 to 75 years in the second 
period (p=0.000). In other indicators, the difference 
was statistically insignificant (p>0.05), indicating the 
similarity of the two follow-up periods for the initial 
characteristics of the patients and the possibility of 
further comparison of the results.

The average indicator of quality of life and 
neurological status according to the preoperative 
Karnofsky Performance Scale in the first period was 
(68.2±1.0) score and was statistically significantly higher 
than in the second follow-up period ((65.6±0.8) score, 
p =0.039).

Immediate results of surgical treatment of 
parasagittal meningiomas
Radical (total) surgical removal of PM (Simpson I) 

statistically significantly prevailed in the second follow-up 
period - 74 (71.2%) cases versus 23 (24.2%) (p=0.000), 
and non-radical (Simpson II–IV) - in the first (from 
p=0.035 to p=0.000) (Fig. 1).

As can be seen from the data in Table 2, with 
type I-II invasion of PM into the SSS (according to 
the classification of M.P. Sindou and J.E. Alvernia) in 
the second follow-up period, the radicality of surgical 
removal of the neoplasm (Simpson I) was statistically 
significantly higher than in the first period - 76.4% versus 
34.8% cases (p=0.000). In case of type III-IV and V-VI 
lesions, only non-radical interventions were performed in 
the first follow-up period, whereas in the second period 
in 33.3% (р=0.009) and 75.0% (р=0.000) of cases, total 
removal of the neoplasm was performed.

Analysis of intraoperative complications (Table 3) 
showed that the average volume of blood loss in the first 

Table 1. General characteristics of patients and neoplasms during the study periods

Indicator 1st follow-up period  
(n=95)

2nd follow-up period  
(n=104)

Statistical 
significance of 
the difference 

between periods

Gender female 67 (70,5%) 75 (72,1%) χ2=0,06;

p = 0,804male 28 (29,5%) 29 (27,9%)

Age, years  18–44 17 (17,9%) 19 (18,3%)
χ2=16,84;

p = 0,000
45–59 57 (60,0%) 35 (33,6%)

60–75 21 (22,1%) 50 (48,1%)

average 52 (47–58) 59 (49–66) U=3651;

p = 0,000

Tumor localization 
to SSS

anterior 
third

29 (30,5%) 32 (30,8%)

χ2=0,22;

p = 0,894
medial third 51 (53,7%) 58 (55,8%)

posterior

third

15 (15,8%) 14 (13,4%)

SSS lesion according 
to M.P. Sindou and 
J.E. Alvernia

І 60 (63,2%) 64 (61,6%)

χ2=7,98;

p = 0,157

ІІ 6 (6,3%) 8 (7,7%)

ІІІ 8 (8,4%) 8 (7,7%)

ІV 10 (10,5%) 4 (3,8%)

V 2 (2,1%) 10 (9,6%)

VI 9 (9,5%) 10 (9,6%)

Degree of 
malignancy

Grade I 81 (85,3%) 89 (85,6%) χ2=0,91;

p = 0,633Grade II 5 (5,2%) 8 (7,7%)

Grade III 9 (9,5%) 7 (6,7%)

Assessment according Karnofsky 
Performance Scale, score

68,2±1,0 65,6±0,8 t=2,07;

p = 0,039
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period was statistically significantly higher (p=0.019) 
than in the second period, respectively, a statistically 
significantly greater number of patients required blood 
transfusion in the first period (p=0.014). However, the 
average volume of blood transfusion of fresh frozen 
plasma and packed red blood cells was greater for 
patients in the second period (p=0.025 and p=0.221, 
respectively). Correlation analysis revealed the presence 
of a statistically significant directly proportional 
relationship of average strength between the volume of 
blood loss and blood transfusion in the second period 
(rs =0.63, p=0.013 for packed red blood cells and rs 
=0.56, p=0.013 for plasma) and the absence of such 
dependence during surgery in the first period (rs =0.14, 
p=0.499 and rs =0.001, p=0.998), which confirms the 
adequacy of transfusion care in the second follow-up 
period.

The volume of intraoperative blood loss in both 
periods was associated with the tumor size (rs =0.59, 
p=0.000 and rs =0.57, p=0.000) and the degree of SSS 
invasion according to the classification of M.P. Sindou 
and J.E. Alvernia VI (rs =0.29, p=0.004 and rs =0.20, 
p=0.042). In the first period, a weak but statistically 
significant correlation between blood loss volume and  
degree of malignancy (rs =0.23, p=0.026), completeness 

of Simpson IV tumor resection (rs =0.21, p=0.039), as 
well as a moderate relationship with the development of 
intraoperative cerebral edema (rs =0.40, p=0.000) were 
found. In the second period, the volume of blood loss 
was greater during excision of the occluded portion of 
the SSS (rs =0.31, p=0.002), as well as when performing 
plasty of the SSS wall as a whole (rs =0.23, p=0.019) 
and periosteum (rs =0.29, p=0.003).

Intraoperative cerebral edema in the first period 
occurred statistically significantly (p=0.003) more often. 
Intraoperative hemodynamic complications in the first 
period were noted in 14 (14.7%) patients, while in the 
second - only in 2 (1.9%) (p=0.001).

According to the data of the correlation analysis, it 
was established that in the first period of observation 
there was a statistically significant directly proportional 
relationship of average strength between the degree of 
tumor invasion in the SSS according to the classification 
of M.P. Sindou and J.E. Alvernia VI and the occurrence 
of intraoperative cerebral edema or hemodynamic 
complications (rs =0.36 and rs=0.37, p=0.000), in the 
second period - only with the development of cerebral 
edema (rs=0.30, p=0.002). In addition, brain edema 
intraoperatively in the second follow-up period was 
weakly but statistically significantly associated with the 

Fig. 1. Frequency of cases of radical surgical removal of parasagittal meningioma 
according to the Simpson classification in different follow-up periods: the difference 
between indicators in different periods is statistically significant: * – p=0.035; ** – 
p=0.002; *** – p=0.000 (according to the χ2 test)

Table 2. Radicality of surgical intervention depending on the extent of parasagittal meningioma invasion into 
the superior sagittal sinus

Radicality of 
meningioma 

removal

SSS lesion according to the classification of  
M.P. Sindou and J.E. Alvernia

І-ІІ ІІІ- ІV V- VІ

1 st period  
(n=66)

2 nd period  
(n=72)

1 st period  
(n=18)

2 nd period 
(n=12)

1 st period  
(n=11)

2 nd period  
(n=20)

Simpson І 23 (34,8%) 55 (76,4%) – 4 (33,3%) – 15 (75,0%)

Simpson ІІ-IV 43 (65,2%) 17 (23,6%) 18 (100,0 8 (66,7%) 11 (100,0%) 5 (25,0%)

Statistical 
significance of 
the difference 
between periods

χ2=24,18; р=0,000 χ2=6,92; р=0,009  χ2=15,98; р=0,000
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degree of tumor malignancy (rs =0.22, p=0.025), as well 
as with surgical excision of the occluded portion of the 
SSS (rs =0.20, p=0.043 ).

Such postoperative complication as hemorrhage into 
the bed of the removed tumor, occurred less frequently 
in the first period than in the second, 6.3% versus 11.5% 
of cases, but without a statistically significant difference 
between periods (p=0.199) (Table 3). A single case of 
postoperative epidural hematoma occurred only in the 
second follow-up period (p=0.338). Cases of venous 
infarction (p=0.001), meningitis or wound liquorrhea 
as causes of infectious complications (p=0.035) were 
statistically significantly more frequent in the first period.

When analyzing the data in the first period of 
follow-up, a close relationship between the degree of 
SSS lesion according to the classification of M.P. Sindou 
and J.E. Alvernia V and the development of postoperative 
meningitis or wound liquorrhea (rs =0.70, p=0.000), 
as well as a statistically significant weak correlation 
between the tumor location in the medial /posterior third 
of the SSS and an increase in cerebral edema and the 
development of venous infarction (rs =0.21, p=0.038). 
The use of BrainLab neuronavigation contributed to the 
decrease of cases of these complications (rs =‒0.22, 
p=0.035).

During the second follow-up period, there was a 
statistically significant direct proportional relationship 
of average strength between the development of such 
postoperative complications as an increase of cerebral 
edema and venous infarction and the SSS muscle plastic 
surgery (rs =0.49, p=0.000), as well as the completeness 
of tumor resection according to Simpson III (rs =0.34, 
p=0.000). With the lesion of the SSS according to the 
classification of M.P. Sindou and J.E. Alvernia type IV 
was statistically significantly associated with an increase 
of cerebral edema and the development of venous 

infarction (rs =0.22, p=0.025), and with the lesion of 
the SSS type VI - the occurrence of a hematoma in the 
bed of the tumor (rs =0.20, p=0.045).

Three (3.2%) patients required reoperation in the 
first period, 2 (2.1%) of them underwent blood removal 
from the bed of the removed tumor without drainage, 1 
(1.1%) had decompressive craniectomy. In the second 
period, repeated surgical intervention was performed in 
4 (3.8%) patients: 2 (1.9%) had removal of hemorrhage 
from the bed of the removed tumor without installing 
a drainage system, another 2 (1.9%) – with installation 
of a tidal system. Comparative analysis of the data of 
repeated surgical interventions revealed no statistically 
significant difference between follow-up periods (for all 
comparisons p>0.05).

The neurological status of 109 patients with PM of 
the medial third of the SSS before and after surgery 
was analyzed in detail, 51 of them in the first period, 
58 in the second. The clinical and neurological condition 
before surgery was characterized by manifestation of 
headache in almost all patients (97.2%), dizziness – in 
88.1%, focal seizures – in 26.6%, cognitive deficit – in 
45.9%, movement disorders in the limbs (hemiparesis) 
and sensitivity (hemihypesthesia) – in 58.7 and 50.5%, 
respectively. There were no statistically significant 
differences in the clinical and neurological condition of 
patients before surgery in different observation periods 
(Table 4).

After surgery, the neurological status of patients in 
the first follow-up period improved in 21 (41.2%) patients, 
worsened in 26 (50.1%), and remained unchanged in the 
rest (Table 5). Motor disorders increased in almost half 
of the patients (47.1%).

In the second per iod, improvement of the 
neurological condition after surgery was observed in 
the majority (79.3%) of patients (p=0.000 compared 

Table 3. Characteristics of perioperative complications during the study periods

Indicator 1 st period (n=95) 2 nd period (n=104) 
Statistical significance 

of the difference 
between periods

Intraoperative complications

Volume of blood loss, ml 675,8±45,5 536,1±38,2 t=2,37; р=0,019

Blood transfusion:

number of cases

34 (35,8%) 21 (20,2%) χ2=6,04; р=0,014

Volume of packed red blood cells, ml 524,3±28,5 637,1±84,1 t=1,27; р=0,221

Volume of fresh frozen plasma, ml 387,7±28,8 563,2±67,7 t=2,38; р=0,025

Cerebral edema 10 (10,5%) 1 (1,0%) χ2=8,70; р=0,003

Hemodynamic complications 14 (14,7%) 2 (1,9%) χ2=11,03; р=0,001

Postsurgical complications

Hemorrhage in the  removed tumor bed 6 (6,3%) 12 (11,5%) χ2=1,65; р=0,199

Epidural hematoma – 1 (1,0%) χ2=0,92; р=0,338

Venous infarction 17 (17,9%) 4 (3,8%) χ2=10,38; р=0,001

Infectious complications 4 (4,2%) – χ2=4,47; р=0,035
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to the first period), deterioration in a much smaller 
number of patients compared to the first period (12.1%, 
p=0.000). Aggravation of neurological deficit in the form 
of motor disorders was registered in 16 (27.6%) patients 
(p=0.035). The average score of paresis in the upper 
and lower extremities exceeded that in the first period 
(p=0.049 and p=0.007, respectively).

In general, the analysis of changes in quality of life 
and neurological status in all studied cases of surgical 
treatment of patients with PM (n=199) showed a decrease 
in the mean score according to the Karnofsky scale in 
the first day after surgery in the first period by 7.2% 
(р=0.016) and its increase of 6.7% (р=0.005) in the 
second period. At discharge from the hospital, the mean 
score according to the Karnofsky scale in the first period 
reset to the initial level ((69.5±2.1) points, p=0.571) and 
significantly improved in the second period (by 22.7% to 
(80.5± 1.2) points, p=0.000). Thus, even with a slightly 
reduced level of quality of life before surgery in the 
second period (Table 1), the use of proposed diagnostic 
methods and surgical intervention yielded better results 
than in the first group (p=0.000).

According to the data of correlation analysis, in both 
observation periods, a statistically significant inversely 
proportional correlation was established between the 
neurological level according to the Karnofsky scale in the 
first day after surgery, as well as at discharge and the 

postoperative increase in cerebral edema, development of 
hematoma in the tumor bed and venous infarction  (from 
rs =‒0.20, p=0.048 to rs =‒0.47, p=0.000) (Table 6).

In the first follow-up period, a statistically significant 
inversely proportional relationship was found between 
the neurological condition according to the Karnovsky 
scale in the first day after surgery and the intraoperative 
development of cerebral edema, hemodynamic 
disorders and the degree of  SSS invasion (according 
to the classification of M.P. Sindou and J.E. Alvernia 
IV), as well as between the neurological condition and 
intraoperative complications at the time of discharge 
from the hospital, in particular with the development 
of cerebral edema, hemodynamic abnormalities, the 
volume of intraoperative blood loss. In addition, in the 
first period, the deterioration of the patient's neurological 
condition after surgery was noted in the case of 
localization of the tumor in the middle/posterior third of 
the SSS (rs =0.23, p=0.026), while the use of BrainLab 
neuronavigation was statistically significantly associated 
with the improvement of the condition (correlation of the 
average strength, rs =0.33, p=0.001).

In the second follow-up period, a statistically 
significant inversely proportional weak correlation was 
also found between the level of neurological status 
according to the Karnofsky scale at discharge and the 
volume of intraoperative blood loss (rs =–0.22; p=0.028).

Table 4. Frequency of neurological disorders in patients with parasagittal menigiomas of the medial 
third of the superior sagittal sinus before surgery in different follow-up periods 

Indicator
1 st  

study period 
(n=51)

2 nd  
study period 

(n=58)

Statistical significance of 
the difference between 

periods

Headache 50 (98,0%) 56 (96,6%) χ2=0,22; р=0,636

Focal seizures 13 (25,5% 16 (27,6%) χ2=0,06; р=0,805

Dizziness 47 (92,2%) 49 (84,5%) χ2=1,52; р=0,217

Cognitive deficit 21 (41,2%) 29 (50,0%) χ2=0,85; р=0,356

Hemiparesis 30 (58,8%) 34 (58,6%) χ2=0,0005; р=0,983

Hemihypesthesia 30 (58,8%) 25 (43,1%) χ2=2,68; р=0,101

Table 5. Changes in the neurological status of patients with parasagittal meningiomas of the medial third of 
the superior sagittal sinus after surgery

Indicator
1 st  

study period  
(n=51)

2 nd  
study period  

(n=58)

Statistical 
significance of the 
difference between 

periods

Neurological  
status

improvement 21 (41,2%) 46 (79,3%) χ2=16,66; р=0,000

unchanged 4 (7,8%) 5 (8,6%) χ2=0,02; р=0,883

deterioration 26 (50,1%) 7 (12,1%) χ2=19,47; р=0,000

Increase in motor disorders 24 (47,1%) 16 (27,6%) χ2=4,43; р=0,035

Speech disorders 9 (17,6%) 4 (6,9%) χ2=2,99; р=0,084

Sensory disturbances 27 (52,9%) 10 (17,2%) χ2=15,42; р=0,000

Depression of consciousness 3 (5,9%) – χ2=3,51; р=0,061

Pelvic organs dysfunction 5 (9,8%) – χ2=5,96; р=0,015

Upper extremity strength, point 3,76±0,21 4,26±0,14 t=1,99; р=0,049

Lower extremity strength, point 3,49±0,22 4,21±0,14 t=2,77; р=0,007
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Postoperative mortality during the first month after 
surgery was recorded only in the first follow-up period 
in 4 (4.2%) patients (χ2=4.47, p=0.035). Median day of 
death - 8 (from 7.5 to 17.5) days. Lethality was directly 
proportionally associated with the development of such 
postoperative complications as increased cerebral edema 
(r=0.31, p=0.002), venous infarction (r=0.31, p=0.002), 
meningitis (r=0.22, p= 0.035) and wound liquorrhea 
(r=0.22, p=0.035).

Long-term outcomes of surgical treatment of 
parasagittal meningiomas
In the first period, 14 (14.7%) cases of further PM 

growth were registered, while in the second period there 
were 5.1 times less (3 (2.9%), χ2=8.93, p=0.003).

Most of the tumors that recurred in the first period 
were grade I malignancy  (Grade I) - 11 (78.6%), 1 
(7.1%) - Grade II, and 2 (14.3%) - Grade III. All surgical 
interventions performed were non-radical: Simpson II 
– 8 (57.1%) cases, Simpson III – 2 (14.3%), Simpson 
IV – 4 (28.6%). The period of further tumor growth 
averaged 1213 (from 618 to 2946) days, or 40.4 (from 
20.6 to 98.2) months. All 14 patients with meningiomas 
with further growth were operated on again, 3 (21.4%) 
of them - twice, 11 (78.6%) - once.

In the second period, out of  3 recorded cases of 
further growth of PM Grade I had 2 (66.7%) tumors, 
Grade II – 1 (33.3%).  In all cases, non-radical Simpson II 
surgeries were initially performed. The period of further 
tumor growth averaged 1322 (from 987 to 1457) days, or 
44.1 (from 32.9 to 48.6) months, and was not statistically 
significantly different from the indicators in the first 

follow-up period (U=21.0, p=1.00). All 3 patients with 
PM with further growth were operated on again (once).

Given the increased radical i t y of surgical 
interventions, a natural improvement in the long-term 
results of PM treatment in the second follow-up period 
was found. In our study, only the further tumor growth 
was registered, but its occurrence is also characteristic 
of benign meningiomas (Grade I) in 2 cases after their 
radical removal (Simpson II), while progression was 
absent after their non-radical removal (Simpson III‒V).

The results obtained indicate that the change 
in the tactics of surgical intervention in the second 
follow-up period (2013‒2021) not only did not improve 
the rate of hemorrhages in the bed of the removed 
tumor, but even increased their incidence to 11.5%. 
This is primarily due to a more radical approach to 
PM removal, especially in patients with SSS lesions 
according to the classification of M.P. Sindou and J.E. 
Alvernia III-IV and V-VI. The desire for total tumor 
removal with the need for excision of the affected area 
of ​​the SSS and subsequent surgical manipulations on 
it is associated with a high risk of both intraoperative 
and postoperative bleeding, which affected the early 
postoperative results. Despite this, such radicalism 
has unconditional advantages when evaluating not 
only other categories of immediate, but also long-term 
outcomes of surgical treatment. The frequency of 
hemorrhages in the bed of the removed tumor did not 
affect the frequency of reoperations, as evidenced by the 
absence of statistically significant difference between 
the follow-up periods. However, despite the radicalism of 
the surgical intervention in the second follow-up period, 

Table 6. Correlations between the neurological level of patients with parasagittal menigiomas according to the 
Karnofsky scale and perioperative complications

Complications

Assessment of the patient's neurological status  
according to the Karnofsky scale

1 st study period 2nd study  period

1st day after 
surgery At discharge 1st day after 

surgery At discharge

Intraoperative

Increase in cerebral edema
–0,50

(р=0,000)

–0,49

(р=0,000)
n/r n/r

Volume of blood loss
–0,41

(р=0,000)

–0,37

(р=0,000)

–0,23

(р=0,021)

–0,22

(р=0,028)

Hemodynamic 
abnormalities

–0,22

(р=0,029)

–0,25

(р=0,014)
n/r n/r

Degree of SSS invasion 
(according f M.P. Sindou and 
J.E. Alvernia IV classification)

–0,22

(р=0,029)
n/r n/r n/r

Postoperative

Increase in cerebral edema
–0,47

(р=0,000)

–0,45

(р=0,000)

–0,32

(р=0,001)

–0,28

(р=0,004)

Hematoma in the tumor bed
–0,22

(р=0,029)

–0,20

(р=0,048)

–0,37

(р=0,000)

–0,37

(р=0,000)

Venous infarction
–0,47

(р=0,000)

–0,45

(р=0,000)

–0,32

(р=0,001)

–0,28

(р=0,004)

Note: p - is the level of statistical significance of  correlation coefficient; n/r –  correlation coefficient is 
statistically insignificant (p>0.05).
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the number of cases of venous infarction decreased 
significantly (3.8%), which is explained by the adequate 
preoperative analysis of the results of CT angiography/
invasive CAG with the definition of the topography 
of the draining veins and the tracts of collateral 
venous blood circulation, using neuronavigation and 
improved microsurgical techniques [10‒14], which 
made it possible to prevent iatrogenic damage to 
venous structures without limiting the radicalism of 
surgical removal of PM. In addition to the mentioned 
advantages, the use of brain MRI data with/without 
intravenous contrast enhancement made it possible to 
assess the topographical and anatomical relationships 
of the tumor with the adjacent brain tissue. Analysis 
of neoplasm localization, neuroimaging characteristics 
of both the tumor and its impact on the adjacent 
brain tissue significantly influenced the preoperative 
planning. Data of instrumental examinations using 
the neuronavigation system intraoperatively allowed 
to control tumor resection borders while preserving 
functionally important brain areas, which contributed 
to achieving better results of the patient's physical 
functioning according to the Karnofsky scale and a 
decrease in the severity of motor deficit in the second 
follow-up period.

Due to a differentiated approach to the surgical 
treatment of PM in the second follow-up period, it was 
possible to achieve an increase in the radicality of the 
intervention in all subgroups of patients according to 
the type of SSS lesion according to the classification 
of M.P. Sindou and J.E. Alvernia (I-II, III-IV and V-VI). 
In meningioma invasion type I-II according to the 
classification of M.P. Sindou and J.E. Alvernia in most 
cases (76.4%) radical excision of the neoplasm with 
its matrix (Simpson I) was performed. In case of 
confirmation of the SSS occlusion (according to the 
classification of M.P. Sindou and J.E. Alvernia V-VI) and 
with the help of angiographic research methods, the 
formed pathways of collateral blood circulation were 
revealed; in 70% of the observations, total removal of the 
PM (Simpson I) along with the affected part of the sinus 
and falx was achieved, avoiding violations venous outflow, 
and therefore possible complications. In both subgroups 
of patients, the radicality of the surgical intervention 
required resection of the convexital dura mater affected 
by the tumor. In this case, the membrane plasty was 
performed with a previously prepared periosteal pedicled 
flap, preventing serious infectious complications, as 
evidenced by their absence in the second follow-up 
period. The least sufficient, but statistically significant 
increase in the radicality of surgical intervention (in the 
absence of total removal according to Simpson I in the 
first follow-up period) was recorded in patients with SSS 
lesions according to the classification of M.P. Sindou and 
J.E. Alvernia III-IV. In  case of damage to one wall of the 
SSS in half of the patients (50%), the method of SSS 
plasty proposed by us [10] was used to achieve radical 
removal of the PM. If two walls of the SSS were damaged 
and its patency was preserved, aggressive manipulations 
could lead to sinus thrombosis and serious complications, 
therefore, not in all cases we managed to completely 
remove the tumor and perform plastic surgery of the 
SSS walls. Part of the tumor often remained (Simpson 
III, IV). We did not perform reconstructive surgery on 

the SSS, since the literature sources [6,16] report high 
risk associated with its reconstruction, which is not 
comparable to the expected result. According to foreign 
authors, during angiographic follow-up (from 2 weeks 
to 2 years after the SSS reconstruction with  autoshunt 
(great saphenous vein, external jugular vein, the fascia 
lata and radial artery)) it was found that in 45% of cases  
autoshunts were thrombosed, and in 55 % - functioned 
satisfactorily. In patients with artificial grafts (Gore Tex 
and PTFE), their thrombosis was recorded in almost 
100% of cases, severe neurological complications in 
10%. Therefore, in most patients, the tactics of subtotal 
removal of PM was chosen in case of SSS lesion according 
to the M.P. Sindou and J.E. Alvernia III-IV classification 
followed by irradiation [17,18] or radical excision after 
gradual complete occlusion of the sinus and development 
of adequate collateral circulation.

The problem of recurrence of benign meningiomas 
(Grade I) after their radical removal (Simpson II) and 
the absence of further growth in some cases after 
non-radical removal (Simpson III‒V) requires in-depth 
study of the immunohistochemical and molecular 
biological features of SSS meningiomas, which will be 
the subject of our further of research.

Conclusions
1. In addition to brain computed tomography, 

preoperative diagnosis of parasagittal meningiomas 
must include MRI with intravenous enhancement to 
determine the nature of the tumor spread to the superior 
sagittal sinus, the convexital dura mater and falx cerebri, 
as well as the nature of  invasion into the brain.

2. Preoperat ive diagnos is of parasagit ta l 
meningiomas, which, according to CT/MRI of the brain 
(with intravenous contrast), have signs of invasion 
into the superior sagittal sinus, must necessarily 
include an assessment of the patency of the superior 
sagittal sinus according to the data of selective CAG or 
CT-angiography.

3. Preoperat ive diagnos is of parasagit tal 
meningiomas, which, according to CT, CT-angiography or 
MRI of the brain (with intravenous contrast), have signs 
of invasion into the superior sagittal sinus according to 
the classification of M.P. Sindou and J.E. Alvernia V-VI, 
must include selective CAG to confirm sinus occlusion 
and identify all collateral pathways.

4. In case of occlusion of the superior sagittal 
sinus by a parasagittal meningioma (according to the 
classification of M.P. Sindou and J.E. Alvernia V-VI), 
information on  collateral venous circulation data 
(according to the data of invasive CAG) is extremely 
important when planning a surgical intervention, 
which makes it possible to avoid iatrogenic damage to 
functionally important veins and areas of the superior 
sagittal sinus that are functioning.

5. Adequate analysis of instrumental methods of 
brain research using the option of cerebral vascular 
system study, a neuronavigation station (in the presence 
of brain MRI and/or CT angiography data) and new 
microsurgical techniques contributes to increasing the 
radicality and minimally traumatic removal of parasagittal 
meningioma and reducing the risk of intraoperative and 
postoperative complications, which affects  immediate 
and long-term treatment results. 
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