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Abstract 
Introduction: Meningiomas are the most common type of extra-axial neop-
lasm. Peritumoral brain edema (PTBE) can be seen around meningiomas 
while it may be absent in others. Despite that Ki67 proliferative index has 
been previously correlated with meningioma grades, no definite relationship 
has been established in relation to PTBE in meningioma patients. Objective: 
Correlate the peritumoral brain edema with the Ki67 proliferative index of 
meningiomas. Patients & Methods: Aclinical prospective study was con-
ducted on 56 patients (47 women, 9 men; mean age 50.89 ± 12.55 years) di-
agnosed with meningiomas. All patients were evaluated regarding the pres-
ence of brain edema surrounding the lesion in pre-operative neuroimaging 
using T2W and FLAIR MR images. Immunohistochemical staining of Ki67 
index (representing proliferative activity) was done. Correlation between 
presence of PTBE and Ki67 index values was evaluated. Results: PTBE was 
found in nearly half of the patients (48.2%), while the remaining (51.8%) of 
patients did not exhibit PTBE in their pre-operative neuroimaging. The mean 
value of Ki67 index in meningioma patients with PTBE was 4.83% compared 
to a value of 1.83% in patients without PTBE, P value = 0.014. Conclusion: 
High Ki67 indices are evident in meningiomas with surrounding peritumoral 
brain edema (PTBE). 
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1. Introduction 

Meningiomas are the most common primary non-glial intracranial tumours [1]. 
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The 2016 World Health Organization (WHO) classification states 15 distinct 
meningioma variants grouped into three grades, WHO grade I (benign), grade II 
(intermediate) and grade III (malignant) [2]. Brain imaging with contrast-enhanced 
CT or MR imaging is the most common method of diagnosing, monitoring, and 
evaluating response to treatment [3].  

Meningiomas tend to be benign, and may remain clinically silent. However, 
they could lead to significant morbidity and mortality, that is not only be caused 
by the size and location of the tumor but also due to the presence of peritumoral 
brain edema (PTBE). PTBE increases the mass effect and causes more elevated 
intracranial pressure, and as a consequence it may lead to eventual cerebral her-
niation. It is also considered a prognostic factor for the complexity of surgical 
resection and may affect surgical outcome [4]. PTBE is best visualized on T2W 
or FLAIR MRI images, and correlates with size, rapid growth, location and inva-
sion in the case of malignant meningiomas. The underlying mechanisms for 
PTBE may relate to venous stasis, thrombosis, compressive ischaemia and ag-
gressive growth [1]. Various degrees and shapes of edema have been reported. 
The extent of edema may vary considerably ranging from absent or mild edema 
to nearly 2 - 3 times the size of the tumor. It is a well-known fact that also small 
meningiomas may cause surprisingly pronounced PTBE [5], which is why the 
question was raised if factors different from the mere tumor location and tumor 
size may contribute to the occurrence and extent of PTBE [6] [7] [8]. 

Ki67 index is one of the most reliable markers of cell proliferation, yet there is 
little data about the relationship between Ki67 index and peritumoral edema in 
meningiomas. As PTBE is a common finding in meningiomas, and Ki67 indices 
are recently becoming more and more incorporated in meningioma assessment, 
we aimed to clarify whether a relationship between the two could be identified. 

2. Patients and Methods 

This is a clinical prospective study conducted on 56 patients diagnosed with me-
ningiomas, whom were surgically treated at the Department of Neurosurgery, 
Assiut University Hospital during the period between January 2016 to May 2018. 
Patients were followed up until January 2019. Neuroimaging studies; mainly CT 
and MRI scans of the patients were performed pre-operatively. Inclusion Crite-
ria for this study included patients with intracranial meningiomas that were di-
agnosed through pre-operative neuroimaging and post-operative histopatholog-
ical examination and whom were fit for surgery. Exclusion criteria were patients 
unfit for surgery, and those with other additional associated lesions. 

Tumor volume was assessed on contrast enhanced T1W MRI, while edema-
volume was measured on T2W and FLAIR MRI, Edema Index (EI) was calcu-
lated by the formula EI = (V tumor + edema)/(V tumor). If there is no edema, EI 
= 1. The volume of the tumor and extent of peritumoral edema were measured 
from the MRI where the longest horizontal diameters of the tumor were meas-
ured from the axial image. The vertical diameter of the tumor was measured 
from the coronal image. The three values were multiplied to measure the volume 
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of the lesion. PTBE volume was measured in a similar manner by measuring the 
high signal intensity region in T2WI/FLAIR that was clearly distinguished from 
normal tissues, including the tumor (Figure 1). 

All included meningiomas were surgically resected at the Neurosurgery De-
partment, Assiut University Hospital. Post-operative histopathological and im-
munohistochemical examination was performed by the same specialized neuro-
pathologist to eliminate interlaboratory variability. Histopathological examina-
tion was done on haematoxylin and eosin stained sections and immunohisto-
chemical examination of Ki67 proliferative index is performed on poly-L-Lysine 
coated slides, evaluation was performed under high power objective (magnifica-
tion 400×), distinct brown nuclear staining is recorded as positive. The areas 
with the highest number of positive tumor nuclei (hot spots) were selected and 
an average of 1000 tumor cells from the areas of maximum labeling were counted 
for analysis [9] (Figure 2). 
 

 
Figure 1. (a) Axial MRI T1WI Gd+ demonstrating a right frontal meningioma, mea-
surement of the longest diameter and vertical diameter is done to assess tumor volume; 
(b) Coronal image of the same lesion to measure the axial diameter; (c) MRIFlair se-
quence to better assess the peritumoral edema shown surrounding the lesion as a hyper 
intense irregular signal, measurement of the edema volume is done in the same manner. 
 

 
Figure 2. Immunohistochemical expression of Ki67 showing nuclear staining of Ki67 
positive cells of meningioma seen in dark red/brown color, under high power microscope 
(magnification ×100). 
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Statistical analysis for different variables was done using IBM SPSS Statistics, 
version 20. Correlation between parametric data was done with t-test and non 
parametric data with χ2-test. P value of 0.05 was estimated as the cut off for sig-
nificance. 

3. Results 

Demographic Data 
This study included 56 cases of intracranial meningiomas that were surgically 

treated. Age of patients ranged between 17 - 75 years with a mean age of 50.89 
years, female gender was predominant among the patients represented by 47 
female patients (83.9%) while 9 patients were males (16.1%). The most common 
locations for meningiomas were convexity and parasaggital (Table 1).  

Tumor Volume, PTBE and KI67 Index 
The mean tumor volume was 38.62 cm3, PTBE was found in 48.2% of the 

study group while absent in 51.8% (Table 2). 
There was no statistical difference in tumor volumes between male and female 

genders (t = −1.486; P = 0.191) and the mean edema index was 4.27. Ki67 index 
represents the proliferative activity of meningiomas, it was evaluated in all cases 
postoperatively, the mean value of Ki67 index in this study was 3.28%, with a 
minimal and maximal value of 0.3% and 19.5% respectively (Table 3).  

Regarding Ki67 index, the mean value was 3.28% for all patients in the study 
so for Ki67 and PTBE correlation analysis, the cases were grouped as either Ki67 
index above or below 3%. 36 patients had Ki67 indices below 3%; 12 of which 
had associated PTBE while 24 did not.  

There were 20 patients that had Ki67 indices above 3%; 15 of which (75%) 
showed PTBE while 5 patients (25%) did not show PTBE. The mean value of 
Ki67 index in all patients with positive PTBE was 4.83 compared to a mean value 
of 1.83 in those without PTBE (Figure 3). P value was calculated to be 0.014 in-
dicating strong correlation between PTBE and Ki67 index (Table 4). 
 

 
Figure 3. Box plot with scatter diagram showing Ki67 values correlated with PTBE. 
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Table 1. Demographic data of patients in the study. 

Variable n (%) Variable n (%) 

Age  Location  

<40 years 8 (14.3%) Convexity 20 

40 - 49 years 17 (30.4%) Parasaggital 17 

50 - 59 years 14 (25%) Sphenoid Wing 9 

60 - 69 years 14 (25%) Sellar/Suprasellar 4 

≥70 years 3 (5.3%) Olfactory groove 3 

Mean Age ± SD Range 50.89 ± 12.55 (17% - 75%) Foramen Magnum 2 

Gender  Petroclival 1 

Female 47 (83.9%) 
 

Male 9 (16.1%) 

 
Table 2. PTBE incidence. 

PTBE Patients No. (56) Gender 

Present (+ve) 27 (48.2%) F: 21 M: 6 

Absent (−ve) “EI = 1” 29 (51.8%) F: 26 M: 3 

F: Female, M: Male. 

 
Table 3. Statistical values: Tumor volume, Edema index, Ki67 index. 

Preoperative tumor volume (cm3) 

Number Mean Standard Deviation 

56 38.62 31.71 

Edema Index (EI) 

Number Mean Standard Deviation 

56 4.27 3.52 

Ki67 Index (%) 

Number Mean Standard Deviation 

56 3.28 3.96 

 
Table 4. Correlation between Ki67 index and PTBE. 

Ki67 index PTBE (−ve) PTBE (+ve) Total 

Ki67 < 3% 24 (66.67%) 12 (33.33%) 36 (100%) 

Ki67 > 3% 5 (25%) 15 (75%) 20 (100%) 

Total 29 (51.79%) 27 (48.21%) 56 (100%) 

Total Mean Ki 67% PTBE (−ve) Mean Ki 67% PTBE (+ve) P value 

56 patients 1.83 ± 1.95 SD 4.83 ± 4.92 SD 0.014 
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4. Discussion 

Meningiomas are common primary central nervous system (CNS) tumors and 
account for about 30% of primary adult intracranial tumors and are usually his-
tologically benign [10] [11] [12]. They are slowly growing tumors that arise from 
arachnoid cap cells [13]. Meningiomas commonly occur in the fifth and sixth 
decades of life with a mean age of 48 years [14]. Our study group age showed a 
wide range, but it is noticed that the incidence proportionately was higher with 
increasing age, and most commonly patients were in their 5th, 6th and 7th dec-
ades, the mean age was around 51 years, which concurs with other previous stu-
dies [14] [15] [16]. Meningiomas are more commonly diagnosed in females with 
a female to male ratio of 2 - 2.5:1 [17] [18] [19] and some authors reported a 3:1 
ratio [20]. In our case there was a significant predominance of the female gender 
as only 8 out of 56 cases encountered were males. Previous reports state that the 
female predominance in meningiomas may be attributed to hormonal factors 
and have shown high growth rates of meningiomas during pregnancy and luteal 
phases of the menstrual cycle [21] [22]. 

PTBE is commonly found in more than half of meningiomas [11] [12]. De-
velopment of PTBE with meningiomas is believed to be contributed to multiple 
factors, and hasn’t been clearly identified, various factors include age, gender, 
tumor size and location, histopathology and vascularity of the tumor [11] [12] 
[15] [23] [24] [25]. Multiple studies aimed to identify the causes and mechan-
isms of PTBE, a study suggested an increased permeability through white matter 
fibers around the tumor is the cause of PTBE [11], while another study suggested 
failure of blood brain barrier as the cause of PTBE [26], a widely accepted theory 
points to the compression of the surrounding brain venous system adjacent to 
the tumor, leading to increased PTBE [27] [28] [29] [30]. 

Some studies found a positive correlation between tumor volume and PTBE 
[30] [31] [32], while other studies found no statistically significant correlation 
between the tumor volume and PTBE [33] [34] nor with gender [31]. We also 
found no statistically significant relationship between the tumor volume and 
PTBE and/or gender, the different results encountered in multiple papers may 
further enhance the hypothesis that other multiple factors rather than volume 
that contribute to PTBE development. This explains also why some small me-
ningiomas that are histologically benign can be surrounded by aggressive PTBE 
causing severe morbidity while other large meningiomas cause no PTBE at all 
[12] [30]. 

The prognostic significance of proliferative indices in meningiomas, like the 
Ki67 index, has been assessed by multiple authors, and it has been suggested that 
quantifying the tumour’s proliferative potential can predict the patient’s clinical 
course and help predict the biological behaviour of individual tumours [35] [36]. 
High Ki67 index values are associated with increased growth rate and faster 
doubling time in partially resected meningiomas [24]. A high Ki67 index identi-
fies abnormal proliferation, and therefore broadly speaking, the aggressiveness 
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of a tumour [37]. However there is limited data available about the relationship 
between Ki67 index and certain factors; as peritumoral edema. We aimed in this 
study to identify if Ki67 index values can be related to the degree of peritumoral 
edema surrounding meningiomas. 

The expression level of Ki67 is known to differ significantly among benign, 
atypical, and anaplastic meningiomas [38]. Ki67 labeling indices show a highly 
significant increase from benign (GI) (mean, 3.8%), through or atypical (GII) 
(mean, 7.2%), to anaplastic (GIII) (mean, 14.7%) meningiomas [39]. Abry et al., 
reported the average mean labeling indices were 3%, 8%, and 17% for grade I-III 
meningiomas, respectively [40]. Perry et al., in a study of 62 cases of meningi-
omas suggested that Ki67 index in excess of 4.2% was indicative of high tumor 
proliferation activity and recurrence [41]. Our findings showed a mean value of 
Ki67 index of 3.28%, which was near and concurrent with previous literature, no 
definite cuts off value for Ki67 index could be attributed to inter laboratory va-
riability [36]. 

In our study, most of Ki67 indices were found to be elevated with PTBE and 
low in the absence of PTBE, as seen in examples (Figure 4) and (Figure 5) re-
spectively, the mean value of Ki67 index in cases with PTBE was 4.83% com-
pared to a value of 1.83% in the cases with absent PTBE (P value 0.014), thus a  
 

 
(a) 

 
(b) 

Figure 4. (a) Axial MRI Flair images of a left falcine meningioma seen as a circumscribed 
isointense lobulated lesion with significant hyperintense PTBE; (b) Immunohistochemi-
cal Ki67 staining of postoperative specimen (×400) showed marked nuclear staining 
demonstrated as dark red/ brown stained nuclei, Ki67 index was 5.2%. 
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(a) 

 
(b) 

Figure 5. (a) Axial MRI T2W images of a left convexity meningioma seen as a circum-
scribed hyperintense lesion without PTBE; (b) Immunohistochemical Ki67 staining of 
postoperative specimen (×200) showed nuclear staining demonstrated as dark red/ brown 
stained nuclei, Ki67 index was 1.5%. 
 
direct correlation could be proposed between the two parameters, however a 
study by Gawlitza et al., did not find a relationship between the two parameters 
[4]. Kim B-W et al., found in their study on 86 patients with meningiomas that 
higher Ki-67 antigen indices lead to a higher frequency of PTBE [12], which is in 
agreement with our findings. Other studies also showed a strong correlation 
between PTBE and Ki67 indices [24] [30] [31] [42] but due to limitations and 
multiple factors that influence PTBE, further research on larger group of pa-
tients and longer follow up periods may be required to conclusively determine 
the definite relationship. 

5. Conclusion 

In conclusion, we found in our study that peritumoral brain edema surrounding 
meningiomas may be correlated with their Ki67 index value. High Ki67 indices 
are evident in meningiomas with surrounding peritumoral brain edema (PTBE). 
This finding may help shed a better light on the importance of proliferation 
markers and their role in better prediction of the behavior and characteristics of 
meningiomas. 
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