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Analysis of the common
complications and recurrence-
related factors of superior
parasagittal sinus meningioma
Wei-Wei Chen1,2, Yong Wang2, Yang-Chun Hu2 and
Yuan-Li Zhao1*
1Department of Neurosurgery, Beijing Tiantan Hospital, Capital Medical University, Beijing, China,
2Department of Neurosurgery, The First Affiliated Hospital of Anhui Medical University, Hefei, China

Objectives: Parasagittal meningioma resection is prone to postoperative
complications and tumor recurrence because the tumor invades the superior
sagittal sinus. This study aimed to clarify the incidence of perioperative
complications and the recurrence of superior sagittal paranasal meningiomas
and explored potential predictors in this context.
Methods: The study retrospectively reviewed the clinical, imaging, and follow-
up data of parasagittal meningiomas among patients who underwent
microsurgical resection in the authors’ institution from January 2008 to
December 2017. Univariate and multivariate logistic regression analyses were
conducted to explore independent predictors of perioperative complications
and tumor recurrence.
Results: A total of 212 parasagittal meningioma patients were included in this
study. The incidence of perioperative complications was 23.6% (50/212), and
perioperative death occurred in 6 (2.8%) patients. In univariate and
multivariate logistic regression analyses of perioperative complications,
peritumoral edema ≥1 cm (odds ratio [OR] 2.163, 95% confidence interval
[CI] 1.057–4.428, P= 0.035) and the Sindou invasion Class V-VI(OR0.018,
95% CI 1.248–11.064, P=0.018) were independent predictors. After an
average of 83 (39–154) months of clinical follow up among the living 206
patients, 22 (10.7%) patients showed tumor recurrence. In univariate and
multivariate logistic regression analyses of tumor recurrence, the Sindou
invasion Class III-IV (OR 5.539, 95%CI 1.469–20.884, P= 0.011) and the
Sindou invasion Class V-VI (OR 9.144, 95%CI 2.215–37.757, P= 0.002) were
independent predictors.
Conclusions: Peritumoral edema ≥1 cm and the Sindou invasion Class V-VI
were the independent predictors of perioperative complications, and the
Sindou invasion Class III-IV and the Sindou invasion Class V-VI were the
independent predictors of tumor recurrence. The part of the parasagittal
meningioma involving the sinus wall should be actively removed to the
largest degree possible to reduce the recurrence rate.
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Introduction

The superior parasagittal sinus is one of the frequent

locations of intracranial meningiomas, accounting for

approximately 20%–30% of the total number (1, 2). The

treatment of superior parasagittal meningiomas is challenging

because these tend to invade the superior sagittal sinus (SSS)

to varying degrees, resulting in stenosis or even occlusion of

the sagittal sinus, which, in turn, affects venous return around

the SSS involving important peripheral drainage veins. Total

resection of extrasinus meningiomas can be achieved by

microsurgery; however, the resection of intrasinus

meningiomas is more challenging because it can sometimes

be difficult to obtain a good separation interface as a result of

intraoperative bleeding.

In the past, scholars have proposed radical resection of

meningiomas in the sagittal sinus and even used venous

bypass to replace the affected sagittal sinus to reduce the

tumor recurrence rate (3, 4). However, this procedure is

relatively complex, and, furthermore, the affected sagittal sinus

is sometimes accompanied by thick drainage veins. Therefore,

an increasing number of researchers do not advocate for the

radical replacement of the SSS. Concurrently, with the

continuous development of stereotactic radiosurgery, an

increasing number of scholars believe that residual tumors in

the sinus could nonetheless be treated using this method to

obtain a good tumor progression-free survival rate, which can

effectively reduce complications (5, 6). However, some

researchers believe that the occurrence of procedural

complications involving superior parasagittal meningioma is

not closely related to the presence of a residual meningioma

in the sinus. Sometimes, even if the meningioma in the sinus

is not treated, it can still aggravate brain edema and venous

infarction (7). The complications of radiosurgery, such as a

sudden increase in volume of hemorrhagic residual tumor,

edema aggravation, and scalp necrosis cannot be ignored (8, 9).

Due to a lack of large samples and long-term clinical data, it

is difficult to understand the complications and recurrence-

related factors of parasagittal meningiomas. This study

summarized the clinical data of 212 patients with parasagittal

meningiomas who underwent surgery in the authors’

department (single center) from January 2008 to December

2017. The complications and recurrence-related factors of

parasagittal meningioma were collected and statistically analyzed.
Materials and methods

Subjects

This study’s protocol conformed to the ethical guidelines of

the 1975 Declaration of Helsinki and was approved by the
Frontiers in Surgery 02
Institutional Ethics Review Committee of the First Affiliated

Hospital of Anhui Medical University; informed consent was

obtained from all patients to confirm their inclusion in the

research (ethics no., 2019-11-08).

The clinical data of patients with parasagittal meningiomas

diagnosed by imaging and pathology in the authors’ hospital

from January 2008 to December 2017, were retrospectively

analyzed. The enrolled patients were required to have

complete clinical data, including imaging examinations,

hospitalization records, and follow-up outpatient records

(including telephone follow-up data); patients operated on

initially for recurrent parasagittal meningioma were excluded.

All of the enrolled patients were slated to receive telephone or

email follow-up replies before December 1, 2021.
Examinations

All the patients were examined by magnetic resonance

imaging (MRI) and MR venography (MRV)/digital

subtraction angiography before surgery. The Sindou

classification of parasagittal meningiomas was determined

using the MRI examination. The maximum axial distance

from the meningiomas to the peripheral edema was used to

evaluate the peritumoral edema according to the T2 MRI

series signal before surgery. The Karnofsky performance status

(KPS) was used to evaluate the neurological function of

patients before surgery, at discharge, and six months after

surgery. The degree of surgical resection was evaluated

according to the surgery record and MRI examination six

months after the operation. The surgical complications

included postoperative intracerebral hematomas, aggravation

of brain edema, epilepsy, as well as medical complications

(pulmonary embolism, venous thrombosis, and disturbance in

water and electrolyte balances), as well as any new

neurological deficit or the aggravation of previous neurological

deficit symptoms during the perioperative period.
Surgeries

The surgeries were performed by the senior neurosurgery

staff of the authors’ institution according to the standard

microsurgical procedures. All the meningiomas outside of the

SSS were removed using the conventional method (intratumor

decompression combined with tumor wall separation), and

attention was paid to protecting the surrounding drainage

veins. According to the preoperative Sindou classification, for

Sindou types I and II parasagittal meningiomas (the tumors

of which involved the side-wall of the sagittal sinus and did

not affect blood flow in the sinus), radical resection of the

tumor was performed, including tumor fragments in the crypt

of the sagittal sinus. Electrocoagulation of the lateral wall of
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the sagittal sinus was performed, and the sinus wall was repaired

using a gelatin sponge, muscle, or fascia to achieve gross total

resection (GTR). For Sindou types III and IV sagittal sinus

meningiomas (where the tumor involved most of the side wall

of the sagittal sinus and affected, but did not block, blood

flow in the sinus), the side wall that had been invaded by the

SSS was opened as far as possible, and the intrasinus part of

the tumor was removed. The residual lateral wall of the SSS

was then sutured with fascia, a patch, or a gelatin sponge to

obtain the largest degree of gross tumor resection possible.

However, in cases where there were large drainage veins on

the lateral wall (particularly when the tumor was located in

the parietal lobe), the surgeon was more cautious about

opening the lateral wall of the sagittal sinus.

The authors achieved subtotal resection (STR) for Sindou

types V and VI parasagittal meningiomas, i.e., a tumor

involving the entire lateral wall of the sagittal sinus and

blocking blood flow of the sagittal sinus. Here, the

meningioma in the sinus was removed along the natural gap

between the tumor and the dura mater. If the meningioma

was located in the front third of the sagittal sinus, the latter

could be ligated. Special attention was given to protect the

common compensations of peripheral venous return, such as

the inferior sagittal sinus. Otherwise, the upper sagittal sinus

wall was opened, and as much of the tumor in the sinus wall

as possible was removed, except for tightly adhered parts and

sections with a tough texture.
Evaluation

Simpson grade I refers to complete tumor resection with

removal of affected dura and bone, while grade II refers to

complete tumor resection with coagulation of affected dura.

Simpson grade III refers to complete tumor resection.

Simpson grade IV refers to the subtotal tumor resection, with

a small amount of tumor residue visible on a postoperative

MRI scan. Simpson grade V refers to the decompression with/

without biopsy. Simpson grades I, II, and III resections are

classified as GTR, while grades IV and V resection are

characterized as STR.

For patients with grade II/III meningiomas [according to

World Health Organization (WHO, 2007) classification],

regardless of the degree of resection, conventional

radiotherapy was used in the region where surgery had been

conducted following the procedure. All patients underwent

routine MRI enhancement and MRV examination six months

after surgery; thereafter, an MRI examination was performed

once a year. Stereotactic radiosurgery was recommended if the

MRI showed small residual lesions six months following the

surgery. The recurrence of parasagittal meningiomas was

defined as the presence of a new enhanced mass in GTR cases
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or a significant increase in the residual mass in STR cases six

months after surgery.
Statistical analysis

The SPSS 22.0 was used for statistical analysis in this study.

The chi-squared test was used for univariate analysis, and a

logistic regression analysis was conducted for multivariate

analysis. Fisher’s exact test was used in less than five cases.

The KPS score was measured using a rank-sum (Mann–

Whitney U or Wilcoxon) test. A P-value less than 0.05 was

considered statistically significant.
Results

Baseline characteristics

From January 2008 to December 2017, 264 patients with

parasagittal meningiomas, diagnosed by imaging and

pathology, underwent their first surgical treatment in the

neurosurgery department of the authors’ hospital. Finally, 212

patients were enrolled in the current study. The remaining 52

patients were not included due to follow-up loss or

incomplete case data. The participants included 143 females

(67.4%) and 69 males (32.6%). The average patient age at the

time of surgery was 54.3 years (25–80 years). Among the

patients, 111 (52.3%) had parasagittal meningiomas that were

located in the middle third of the sagittal sinus, 66 (31.1%)

had parasagittal meningiomas located in the anterior third of

the sagittal sinus, and 35 (16.6%) had tumors located in the

posterior third of the sagittal sinus. A total of 147 patients

(69.3%) had tumors larger than 4 cm in diameter. A total of

122 patients (57.5%) who had parasagittal meningiomas had

peritumoral edema that encompassed a diameter larger than

1 cm (10, 11). A total of 161 patients (75.9%) who had

parasagittal meningiomas received GTR, and 69 patients

(32.5%) who had parasagittal meningiomas received STR. A

total of 186 (87.7%) superior parasagittal meningiomas were

classified as WHO grade I tumors, 23 (10.9%) superior

parasagittal meningiomas were denoted as WHO grade II

tumors, and 3 (1.4%) parasagittal meningiomas were recorded

as being WHO grade III tumors (see Table 1).
Risk factors for complications

There were 50 cases (23.6%) of perioperative complications

in 212 patients with superior parasagittal meningiomas (see

Table 2 for details). Among them, 25 (11.8%) had venous

infarction/cerebral edema, 14 (6.6%) had intracerebral

hematoma, and seven (3.3%) had new onset epilepsy. There
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TABLE 2 The complications among 212 patients with parasagittal
meningiomas.

Complications No (%)

Venous infarct/cerebral edema 25 (11.8%)

Brain hematoma 14 (6.6%)

Medical complication 4 (1.9%)

New seizures 7 (3.3%)

TABLE 1 Features and outcomes of 212 patients with superior
parasagittal meningiomas.

Parameter N (%)

Sex

Female 143 (67.4%)

Male 69 (32.6%)

Median age at surgery in yrs (range) 54.3 ± 11.23 (25–80)

Involved superior sagittal sinus 3rd

Anterior 1/3 66 (31.1%)

Middle 1/3 111 (52.3%)

Posterior 1/3 35 (16.6%)

The largest diameter at surgery in cm

<4 cm 65 (30.6%)

≥4 cm 147 (69.3%)

Grade of resection

Simpson

I 50 (23.6%)

II 91 (42.9%)

III 20 (9.4%)

IV 51 (24.1%)

V 0 (0.0%)

WHO grade

I 186 (87.7%)

II 23 (10.9%)

III 3 (1.4%)

Sindou grade

I-II 157 (74.1%)

III-IV 39 (18.4%)

V-VI 16 (7.5%)

Peritumoral edema

<1 cm 90 (42.5%)

≥1 cm 122 (57.5%)

Preop.KPS

≥90 126 (59.4%)

≤80 86 (40.6%)
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were four patients (1.9%) with perioperative drug

complications, such as pneumonia, urinary tract infection,

incision infection, and deep vein thrombosis. Six patients

(2.8%) died postoperatively, three (1.4%) died perioperatively,

and two patients (0.9%) died of cerebral herniation caused by
Frontiers in Surgery 04
postoperative intracerebral hematoma. Although the

hematomas were surgically removed, the prognosis of the

patients remained poor. The patient (0.5%) with postoperative

cerebral edema died of postoperative cerebral edema, and the

prognosis was poor following decompressive craniectomy.

Two patients (0.9%) had malignant tumors and died of

malignant tumor progression three months after discharge.

One patient (0.5%) died of chronic obstructive pulmonary

disease complicated with pulmonary heart disease and delayed

pulmonary infection after discharge (see Table 2.).

Univariate analysis was conducted to analyze the possible

factors related to perioperative complications, and the possible

risk factors included age, sex, the KPS score on admission, the

maximum diameter of the tumor, the location of the sagittal

sinus, peritumoral edema, the Sindou classification of tumor

invasion of the sagittal sinus, the grade of resection, and the

postoperative WHO pathological results. The peritumoral

edema, the largest diameter and the Sindou invasion showed

statistical significance for the occurrence of perioperative

complications (P < 0.05). The multivariate analysis showed

that the peritumoral edema and the tumor invasion of the

sagittal sinus were independent risk factors for perioperative

complications (P < 0.05). The risk of complications in patients

with Sindou types V-VI was significantly higher than those in

patients with Sindou types I-II (OR = 3.716, 95%CI: 1.248–

11.064, see Table 3).
Risk factors for recurrence

The survival of 206 patients with superior parasagittal

meningiomas was evaluated during the follow-up period. Up

to December 2020, the average follow-up time was 83 (39–

154) months. A total of 22 patients were found to have tumor

recurrence. The recurrence rate of Simpson grade I resection

was 6.1% (3/49), grade II resection recurrence was 7.8%

(7/90), grade III resection recurrence was 10.5% (2/19), and

grade IV resection recurrence was 20.8% (10/48).

A univariate analysis was conducted to analyze the possible

factors related to recurrences, such as age, sex, the KPS score on

admission, the KPS score at discharge, the KPS score six months

after surgery, the tumor size, location of the sagittal sinus,

peritumoral edema, the Sindou classification of sagittal sinus

invasion, the resection grade, and the WHO pathological

results. The grade of resection, the Sindou classification of

sagittal sinus invasion, adjuvant radiotherapy and WHO

pathological classification were statistically significant for

tumor recurrence (P < 0.05). The multivariate analysis showed

that the Sindou classification of sagittal sinus invasion and the

WHO pathological classification were independent risk factors

for tumor recurrence (P < 0.05). The risk of recurrence in

patients with Sindou types III-IV (OR = 5.539, 95%CI: 1.469–

20.884, see Table 4) and types V-VI (OR = 9.144, 95%CI:
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TABLE 3 Predictive factors of 212 patients with parasagittal meningiomas who had complications based on univariate and multivariate analysis.

Variables No (%) Univariate Multivariate

P value OR 95%CI P value

Sex

Male 20/69 (28.9%) 0.198 ND

Female 30/143 (20.9%)

Age

≥70 4/16 (25.0%) 0.548 ND

<70 46/196 (23.5%)

Location

Anterior 1/3 SSS 19/66 (28.8%) 0.263 ND

Middle 1/3 SSS 26/111 (23.4%)

Posterior 1/3 SSS 5/35 (14.3%)

Largest diameter

<4 cm 8/65 (12.3%) 0.010 2.303 0.988–5.366 0.053

≥4 cm 42/147 (28.6)

Peritumor Edema

<1 cm 14/90 (15.6%) 0.018 2.163 1.057–4.428 0.035

≥1 cm 36/122 (29.5%)

Sinus invasion 0.042

Class I-II 30/157 (19.1%) 0.011 1.00

Class III-IV 12/39 (30.8%) 1.726 0.770–3.873 0.185

Class V-VI 8/16 (50.0%) 3.716 1.248–11.064 0.018

Grade of resection

Simpson 0.083 ND

I 13/50 (26.0%)

II 16/91 (17.6%)

III 3/20 (15.0%)

IV 18/51 (35.3%)

Pathology

I 42/186 (22.6%) 0.212 ND

II 6/23 (26.1%)

III 2/3 (66.7%)

Preop.KPS

≥90 25/126 (19.8%) 0.120 ND

≤80 25/86 (29.1%)

Chen et al. 10.3389/fsurg.2022.1023021
2.215–37.757, see Table 4) were significantly higher than those

in patients with Sindou types I-II.
The recovery of neurological function
after surgery

The preoperative KPS score of 126 patients (59.5%) was

above 90, and 10 patients (4.7%) had a KPS score below 70.

At discharge, 121 patients (57.0%) had KPS scores above 90,

while 27 (12.6%) had KPS scores below 70, including three

patients who died during the perioperative period. The KPS

score of 187 patients (90.7%) was above 90, and only four
Frontiers in Surgery 05
(1.9%) had residual lifelong neurological dysfunction. Overall,

there was no significant difference in the KPS scores

comparing preoperative and discharge status (P > 0.05), but

the KPS score was significantly improved after six months

(P < 0.05) (Table 5).
Discussion

Surgery for parasagittal meningioma remains challenging

and controversial. According to the literature statistics, only

25% of patients with superior parasagittal meningiomas can
frontiersin.org
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TABLE 4 Predictive factors of 206 patients with parasagittal meningiomas having recurrence based on the univariate and multivariate analyses.

Variables No (%) Univariate Multivariate

P value OR 95%CI P value

Sex

Male 9/65 (13.8%) 0.318 ND

Female 13/141 (9.2%)

Age

≥70 2/15 (13.3%) 0.730 ND

<70 20/191 (10.5%)

Location

Anterior 1/3 SSS 4/64 (6.3%) 0.382 ND

Middle 1/3 SSS 14/109 (12.8%)

Posterior 1/3 SSS 4/33 (12.1)

Largest diameter

<4 cm 3/65 (4.6%) 0.056 ND

≥4 cm 19/141 (13.5%)

Peritumor Edema

<1 cm 8/87 (9.2%) 0.555 ND

≥1 cm 14/119 (11.8%)

Sinus invasion 0.004

Class I-II 7/153 (4.6%) 0.000 1.00

Class III-IV 10/38 (26.3%) 5.539 1.469–20.884 0.011

Class V-VI 5/15 (33.3%) 9.144 2.215–37.757 0.002

Grade of resection

GTR (Simpson I,II and III) 12/158 (7.6%) 0.007 0.919 0.221–3.819 0.907

STR (Simpson IV) 10/48 (20.8%)

Pathology

I 16/181 (8.8%) 0.021 2.192 0.554–8.674 0.263

II-III 6/25 (24.0%)

Adjuvant Radiotherapy

Yes 13/59 (22.0%) 0.001 0.783 0.183–3.344 0.741

No 9/147 (6.1%)

TABLE 5 The KPS evaluation at the preoperation, discharge and late
time periods.

KPS Preoperative
Evaluation (%)

Discharge
Evaluation (%)

Late
Evaluation (%)

100 12 (5.7%) 9 (4.2%) 93 (45.1%)

90 114 (53.8%) 112 (52.8%) 94 (45.6%)

80 76 (35.8%) 64 (30.2%) 15 (7.3%)

≤70 10 (4.7%) 27 (12.6%)a 4 (2.0%)b

Total 212 212 206

aThree patients died in the perioperative period, and 2 patients died of

postoperative intracerebral hematoma which caused a cerebral hernia,

Although the hematoma was removed surgically, the patient still died, One

patient died of sudden brain swelling after the operation, and the effect of

decompressive craniectomy was poor.
bThree patients died after discharge. Two patient were complicated with a

malignant tumor. Three months after discharge, these patients died due to

the progression of the original malignant tumor. One patient died due to

chronic obstructive pulmonary disease complicated with pulmonary heart

disease and persistent pulmonary infection.

Chen et al. 10.3389/fsurg.2022.1023021
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clinically obtain a Simpson grade I resection (9). Many

researchers have proposed replacing the SSS with a vein graft

and a vascular bypass after resecting the tumor and the

attached SSS wall to achieve recanalization of the SSS and

Simpson grade I resection of the tumor, which can reduce the

recurrence rate (3, 4, 12–14). However, this manipulation

prolongs the surgery time and increases the difficulty and

incidence of postoperative complications. There were no

significant differences between Simpson grades I–III tumors

for the recurrence of SSS meningiomas (2, 15, 16). In the

current study group, intrasinus meningiomas were removed to

the largest possible degree to reduce recurrence, and the

affected SSS was repaired with materials such as fat,

meningeal patches, and fascia rather than a vein graft or

vascular bypass.

The current literature reports the incidence of postoperative

parasagittal meningioma complications as 15%–30% (5, 9, 15,
frontiersin.org
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17). The incidence of complications in the current group was

23.6%. The incidence of postoperative cerebral hematoma,

postoperative venous infarction, and aggravation of cerebral

edema was much higher, and the multivariate analysis showed

that peritumoral edema and the Sindou grade of tumor

invasion of the SSS were independent risk factors for

perioperative complications (P < 0.05). For superior

parasagittal meningiomas, 57.5% of patients had peritumoral

edema with a maximum diameter larger than 1 cm. Venous

drainage of the tumor may change the original peripheral

venous drainage method, increasing the pressure of local

venous reflux of the SSS. If the peripheral cortical venous

vessels are fully compensated, peritumoral edema may not be

obvious; however, if venous compensation is insufficient, the

peripheral cortical venous return will be blocked, which may

lead to severe peritumoral edema, and tumor tissue often

closely adhering to the surrounding cortex. During surgery,

cortical damage can easily be caused due to fragile peripheral

edema, which can increase the incidence of postoperative

cerebral hematoma, SSS vein infarction, and brain edema

(18–21).

There are many classification methods for meningiomas of

the SSS. The Sindou classification is widely used (3) and was

also applied to the data of the authors’ group. For

meningiomas classified at a Sindou grade higher than III, the

tumor broadly involved the lateral wall of the sagittal sinus,

and the meningioma volume in the sinus was relatively large.

Accordingly, the tumor will have a degree of impact on the

venous reflux of the sagittal sinus, and the incidence of

surgical complications will be relatively higher. Collateral

circulation may exist more widely in tumors with a higher

Sindou grade for superior parasagittal meningiomas; therefore,

patients with such tumors are prone to postoperative

complications, e.g., aggravated brain swelling due to the

insufficient establishment of collateral circulation (1, 22). The

present study found the Sindou grade to be an independent

risk factor for perioperative complications involving superior

parasagittal meningiomas (P < 0.05). Over time, little

permanent dysfunction will remain following the

establishment of collateral circulation.

Because it grows beside the sagittal sinus, it has abundant

blood supply. So the recurrence rate of parasagittal

meningiomas is relatively high (23, 24). Sindou (3) reported

that 100 cases of parasagittal meningiomas were completely

removed with radical resection; the recurrence rate was 4%,

and the mortality rate was 3%, with follow up for an average

of eight years. However, this low recurrence rate was judged

according to postoperative clinical manifestations. There was

no imaging evidence, and, as such, a degree of bias may have

been present in the results. Colli et al. (25) reported that in

53 patients with parasagittal meningiomas, 45 underwent total

resection, seven underwent subtotal resection, and one patient

underwent partial resection. After 7.8 years of follow up, 17
Frontiers in Surgery 07
patients had recurrence (recurrence rate, 32.7%), which

included a WHO grade III recurrence rate of 100%, WHO

grade II recurrence rate of 75%, and WHO grade I recurrence

rate of 17.5%.

In recent years, with the continuous development of

stereotactic radiosurgery technology, an increasing number of

studies have suggested that subtotal resection of the intrasinus

tumor of superior parasagittal meningiomas, supplemented by

postoperative stereotactic radiosurgery and other multimodal

methods, could achieve good tumor progression-free survival

rates (5, 26–28). Mathiesen et al. (26) reported that, among 21

patients with superior parasagittal meningiomas treated by

subtotal resection for various reasons, the tumor progression

rate was 73%, while the progression rate after gamma knife

treatment was 10%. Patients who regarded gamma knife

treatment as part of the initial approach during the early stage

could obtain a 90% tumor control rate. Patients treated with

gamma knife treatment after tumor progression only obtained

a 50% tumor control rate. The study stressed that the gamma

knife method should not be regarded as a first choice for the

treatment of parasagittal meningiomas but should be used as

adjuvant treatment after surgery to control tumor growth.

After analyzing 114 patients, Mair et al. (28) reported that

adjuvant radiotherapy could only obtain significant benefits

when patients had a subtotal resection but found that

radiotherapy had no significant benefits for patients who had

a total resection (Simpson resection degree I–II). Hardesty

et al. (29) found that radiotherapy after total tumor resection

did not affect the progression-free survival rate. Therefore,

close follow-up observation can be used as a reasonable

treatment strategy for patients with total tumor resection. The

data in the present group advocated that parasagittal

meningiomas (except those involving the central vein in the

parietal lobe) should be removed to the largest extent possible.

For residual sinus meningiomas following surgery, stereotactic

radiosurgery should be actively carried out instead of

observation. After tumor progression, stereotactic radiosurgery

should be added to the treatment protocol. The data of the

present group were followed up for an average of 95 months,

and the recurrence rate was 10.7%. Compared with other

similar literature reports, these results were satisfactory.

Some studies have shown that parasagittal meningiomas are

prone to clinical or imaging recurrence three to four years after

surgery (30–32). The recurrence time of anaplastic and

malignant parasagittal meningiomas is shorter; the average

recurrence times of the latter were 13 months in the present

group. Patients with postoperative pathological grade WHO II

and III meningiomas, regardless of the degree of resection,

were routinely treated with ordinary radiotherapy in the area

where surgery had been performed. In addition, statistical

analysis of the data showed that the Sindou grade of

meningiomas involving the sagittal sinus was an independent

risk factor for postoperative meningioma recurrence (P <
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0.05). This may be related to the wide range of sagittal sinus

involvement of a Sindou V–VI meningioma, which may even

include the surrounding venous complex.

Total resection of meningioma in the sinus, which was

conducted for the patients in the present study, was

sometimes difficult. It has been reported that tumor cells also

exist 4 cm around the tumor mass, visible to the naked eye

(33). Moreover, researchers also found that the recurrence of

parasagittal meningiomas was not always entirely in the

exposed surgery area but was also found near the cutting edge

and could involve a wide range of tumors. During surgery,

particularly in the parietal lobe, insufficient exposure to

parasagittal meningiomas can lead to the omission, growth,

and recurrence of tumor cells, and this requires urgent

research attention.

The limitation of the current study is that the included cases

were all patients who completed the follow-up protocols and

had good compliance. In cases where patients were lost to

follow up, there may be parasagittal meningioma recurrence;

these patients may have given up on treatment or may have

been transferred to other hospitals. Accordingly, patients who

are lost to follow up may impact the final results of the

research to some extent. Moreover, the lack of family wise

error correction in this study is also one of the limitations.
Conclusion

In this study, peritumoral edema and the specific Sindou

grade were independent risk factors for postoperative

complications of parasagittal meningiomas. The Sindou grade

was independent risk factors for the recurrence of parasagittal

meningiomas. The risks of complications and recurrence were

significantly higher in patients with Sindou grade III-IV or

V-VI than those with Sindou grade I-II. The part of

parasagittal meningiomas that involves the sinus wall should

be actively resected to the largest extent possible to reduce the

recurrence rate. For malignant parasagittal meningiomas, it is

necessary to use general or stereotactic radiosurgery for

residual tumor sections in addition to surgical resection.
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