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Abstract 
Aim: The purpose of our study was to assess the cognitive performance in patients with primitive brain tumors and to analyze the cognitive 
status of these patients, correlated with histological type of brain tumors. Patients, Materials and Methods: The study enrolled 52 patients 
diagnosed with primitive brain tumors, hospitalized in Neuropsychiatry Hospital of Craiova, Romania, from December 2013 to December 
2015. According to the histological type of tumors, the patients were classified into three groups: Group A included 22 patients with 
meningioma, Group B composed of 16 patients diagnosed with glioblastoma, and Group C including 14 patients diagnosed with diffuse 
astrocytoma. Neurological examination, neuroimaging assessment [computed tomography (CT) or magnetic resonance imaging (MRI) for 
skulls] to diagnose primitive brain tumors, then the confirmation of clinical and histopathological diagnoses were performed for these patients. 
For cognitive assessment performed before surgery, Montreal Cognitive Assessment (MoCA) and Cambridge Cognitive Examination 
(CAMCOG) scales were used. The results were statistically analyzed using the Student’s t-test; p-values less than 0.05 were considered 
statistically significant. Results: In terms of age, we did not observe statistically significant differences between the three groups of patients. 
The group of patients with diffuse astrocytoma presented a higher educational level compared to patients with glioblastoma or meningioma. 
MoCA score obtained in glioblastoma group was 21.7 points, while in the group of patients with diffuse astrocytoma was 23.5 points, and in the 
group of patients with meningioma 24.2 points. The cognitive assessment using CAMCOG scale led to the following results: group of patients 
diagnosed with glioblastoma showed an average score of 83.5 points, the diffuse astrocytoma group had an average score of 88.9 points 
and the group with meningioma an average score of 90.1 points. Conclusions: Patients diagnosed with glioblastoma showed a statistically 
significant cognitive decline in comparison to patients diagnosed with diffuse astrocytoma (p<0.05). We did not notice statistically significant 
differences in the cognitive decline of patients with meningioma compared to those diagnosed with diffuse astrocytoma (p>0.05). 
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 Introduction 

Primary central nervous system tumors represent a 
heterogeneous group of neoplasms characterized by a 
wide diversity of clinical features and ways of evolution 
[1, 2]. 

The annual global age-standardized incidence of 
primary malignant brain tumors is 3.7 per 100 000 for 
males and 2.6 per 100 000 for females [3–5]. 

Rates appear to be higher more developed countries 
(males 5.8 and females 4.1 per 100 000) than in less 
developed countries (males 3 and females 2.1 per 100 000) 
[5]. 

Males also generally have higher rates of primary 
malignant brain tumors, while females have higher rates 
of non-malignant tumors, primarily meningiomas [4]. 

Worldwide age standardized mortality for primary 
malignant brain tumors is 2.8 for males and 2 for females 
per 100 000 [3]. 

The mortality is higher in more developed countries 
(4.1 and 2.7 per 100 000 for males and for females, 
respectively). The survival rates differ significantly by 

histology and age. For example, glioblastoma multiforme 
has a five-year survival rate of 3.3%, while lower grade 
gliomas, such as pilocytic astrocytoma, oligodendroglioma 
and ependymoma have a five-year survival rates of over 
70%, while astrocytoma, malignant glioma and lymphoma 
have a five-year survival rates less than 40% [6]. 

Overall, five-year survival rates decrease with age. 
Caucasians had a five-year relative survival of 33.5%, 

while African-Americans had a five-year relative survival 
rate of 37% [6]. 

Regarding the clinical picture of primitive brain tumors, 
cognitive impairment is one of the major neurological 
problems of these patients [7, 8]. Cognitive disorder can be 
caused either by the tumor itself, or brain swelling around 
the tumor [9]. Tumor spectrum is broad, including glial 
tumors (astrocytoma, glioblastoma), oligodendroglioma, 
ependymoma, primitive neuroectodermal tumors, etc. 
[10, 11]. 

As is known, cognitive performance is influenced by 
factors related to the patient and tumor-related factors, 
but we still do not know precisely the nature of their 
interaction [12–14]. 
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The purpose of our study was to assess the cognitive 
decline in patients with primitive brain tumors previously 
surgery and to analyze the severity of cognitive decline 
according to tumor histology. 

 Patients, Materials and Methods 

In this study, we included 52 patients (22 men and 
30 women) aged 17–78 years, and the educational level 
of between five and 18 years of education. They were 
diagnosed with primitive brain tumors and hospitalized 
in Neuropsychiatry Hospital of Craiova, Romania, during 
December 2013–December 2015. 

Depending on the histopathological type of tumor, 
the patients were classified into three groups: Group A 
comprising 22 patients diagnosed with meningioma, 
Group B including 16 patients diagnosed with glioblas-
toma, and Group C with 14 patients diagnosed with diffuse 
astrocytoma. Exclusion criteria for the study were the 
comatose patients with language disorders, patients with 
secondary brain determinations. 

Patients were analyzed by age, area of origin, gender, 
educational level and last but not least, by histopathological 
type of tumor. 

The patients of our study were subjected to surgery 
with total or partial resection of the tumor in “Bagdasar–
Arseni” Hospital, Bucharest, Romania. Brain tumors were 
defined as tumor of the brain indicated by clinical features 
and computed tomography (CT) or magnetic resonance 
imaging (MRI) examination and histopatologically verified 
after surgery. 

Although MRI has distinct advantages over CT scan, 
contrast-enhanced CT scan is still used as the imaging 
modality for the evaluation of intra-axial mass lesions. 
The sensitivity of contrast-enhanced CT scan is 65–100% 
and the specificity is 72–100% [15]. 

The histopathology grading was performed according 
with the most recent World Health Organization (WHO) 
Classification [3, 4]. 

The tissue fragments were fixed in 10% formalin 
and processed by standard histological techniques based 
on Hematoxylin and Eosin (H-E) staining. Single immuno-
histochemistry (IHC) was performed on consecutive seriate 
sections with anti-glial fibrillary acidic protein (GFAP) 
antibody (rabbit anti-human, Z0334 clone, 1:30 000 dilution, 
Dako), anti-epithelial membrane antigen (EMA) antibody 
(mouse anti-human, M0725 clone, 1:100 dilution, Dako), 
and anti-S100 (rabbit anti-human, Z0311 clone, 1:500 
dilution, Dako). 

Briefly, after microwaving in citrate buffer for 21 
minutes as antigen retrieval, endogenous peroxidase was 
blocked in 1% water peroxide, and unspecific binding 
sites were blocked in 1% skimmed milk (Biorad). The 
sections were next incubated with the primary antibody 
for 18 hours at 4°C, and the next day the signal was 
amplified for 30 minutes utilizing a specific peroxidase 
polymer-based system (Nikirei-Bioscience, Tokyo, Japan). 
The signal was finally detected with 3,3’-diaminobenzidine 
(DAB) (Dako, Glostrup, Denmark) and the slides were 
coverslipped in DPX (Sigma-Aldrich, St. Louis, MO, 
USA) after a H-E staining. We evaluated the proliferative 
activity by the Ki67 immunoreactivity (MIB-1 clone, 1:10 
dilution, 30 minutes incubation time, at room temperature). 

The tissue sections were previously subjected to micro-
wave antigen unmasking in citrate buffer. Ki67 labeling 
index was defined as the percentage of Ki67-positive 
nuclei for 10 high-power fields (HPFs) (×400), counting 
at least 500 tumor cells per cross-section. 

Cognitive status of patients was assessed using the 
Montreal Cognitive Assessment (MoCA) scale and the 
Cambridge Cognitive Examination (CAMCOG) scale is 
making this assessment prior neurosurgical intervention. 

We compared the results obtained from the three study 
groups, and also watched from the cognitive domains 
assessed showed significant damage depending on the 
type of tumor histopathology. 

The results were statistically analyzed using Student’s 
t-test; p-values less than 0.05 were considered statistically 
significant. 

 Results 

Depending on the patient’s gender, we observed that 
the percentage of women (57.69%) was higher than that 
of men (42.3%), the difference between the two genders 
being not statistically significant (p>0.05). The average 
educational level of the patients studied was 9.1±4.5 years. 

Regarding the average age of patients included in the 
study, it was 50.04 years (between 17 and 78 years). We 
noticed a growth rate of diagnosis after age of 40, the 
maximum being reached in the age range between 50 
and 70 years (Table 1). 

Table 1 – Distribution of patients by age 

Age 
range 

17–29 
years 

30–39 
years 

40–49 
years 

50–70 
years 

70–78 
years 

No. of 
patients 

(n%) 

5 
(9.615%)

5 
(9.615%)

12 
(23.077%) 

21 
(40.385%) 

9 
(17.308%)

Histopathological analysis reporting the appearance 
of tumors, the results showed that 22 (42.31%) patients 
had meningioma, 16 (30.77%) patients had glioblastoma, 
and 14 (26.92%) patients had diffuse astrocytoma (Figure 1). 

 
Figure 1 – Distribution of patients depending on the 
type of tumor histopathology. 

Evaluation of patients in Group A, those diagnosed 
with meningioma, led to the following results: a greater 
number of women presenting meningioma (12, 54.54%), 
compared with men (10, 45.45%). The average age of 
patients diagnosed with meningioma was 45±12 years, 
59% of them coming from rural area. Patients diagnosed 
with meningioma had an average educational level of 
10.24 years. 
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In Group B (patients diagnosed with glioblastoma), 
we also noticed that the number of women was higher 
(nine, 56.25%), when compared to men (seven, 43.75%). 
The mean age of patients in Group B was 46.23±10 years, 
56% of them coming from rural area. The average 
educational level of these patients was 10.01 years. 

In Group C (patients diagnosed with diffuse astro-
cytomas), we noticed eight women (57.14%), compared to 
six men (42.85%). The average age of patients diagnosed 
with diffuse astrocytoma was 48.5±8 years, 52% of them 
coming from rural area. The average educational level 
was 11.02 years. 

Statistical analysis of the data obtained in the three 
groups did not show statistically significant differences 
in terms of age or educational level (Figures 2 and 3). 

 
Figure 2 – Statistical analysis of the age in the three 
groups of patients. 

 
Figure 3 – Statistical analysis of the educational 
level in the three groups of patients. 

Cognitive assessment in the three study groups showed 
the following results: MoCA score in the group of patients 
with meningioma was 24.2 points, in the group of patients 
with glioblastoma was 21.7 points, and in the group of 
patients with diffuse astrocytoma 23.5 points (Figure 4). 

CAMCOG assessment scale showed the following 
results: meningioma patients had a score of 90.1 points, 
83.5 points for those diagnosed with glioblastoma, and 
those suffering from diffuse astrocytoma had 88.9 points 
(Figure 5). 

Figures 6 and 7 show CT features in some of our 
patients. In both of these two cases, their final diagnosis 
was diffuse astrocytoma (WHO grade II). Tumor compo-
nents consisting of diffusely growing malignant astro-
cytoma is difficult or impossible to delineate by CT. 
Necrotic areas within the tumors were accurately outlined 

by post-contrast CT but growth of diffuse astrocytoma or 
the presence of astrocytic gliosis within this edematous 
area seems difficult to evaluate by current CT techniques. 
In the first frame of Figure 6, we observe a hyperdense 
mass in the left temporal region and in the second frame, 
there is an after contrast image showing the homogeneous 
enhancement of the mass. Figure 7 contains a right parietal 
region of low density with mass effect, without calcifi-
cation or hemorrhage, also representing an image who 
finally was diagnosed as a diffuse astrocytoma. MRI 
increased the sensitivity and specificity in imaging astro-
cytomas, as we observe in Figure 8, showing a right 
occipital mass with central necrosis and intense surroun-
ding enhancement in T1+Gado (Gadolinium). 

 
Figure 4 – Assessment of the cognitive status using 
MoCA scale. MoCA: Montreal Cognitive Assessment. 

 
Figure 5 – Assessment of the cognitive status using 
CAMCOG scale. CAMCOG: Cambridge Cognitive 
Examination. 

  
Figure 6 – (a) CT scan hyperdense mass in the left 
temporal region; (b) After contrast, there is an homo-
geneous enhancement of the mass. CT: Computed 
tomography. 



Simona Bondari et al. 

 

1188 

 
Figure 7 – CT scan. A right parietal region of low 
density is present with mass effect, without calcifi-
cation or hemorrhage. A small curvilinear region of 
increased density is noted, which is of uncertain signi-
ficance. The final diagnosis was diffuse astrocytoma 
(WHO grade II). CT: Computed tomography. 

  

 
Figure 8 – MRI shows a right occipital mass with 
central necrosis [(a) T1W; (b) T2W] and intense 
surrounding enhancement in T1+Gado (c). MRI: 
Magnetic resonance imaging; W: Weighted; Gado: 
Gadolinium. 

In Group A, consisted of 22 patients with meningioma, 
14 of them had WHO grade I and eight of them had 
WHO grade II. Ten of these patients were diagnosed with 
meningothelial meningioma, with meningothelial cells 
wrapped around small blood vessels, a very important 
vascular component of this tumor. We observed in their 
tumor areas lobules of cells separated by thin strands  
of collagen, with uniform and oval nuclei, showing on 
occasion central clearing. We also found at these tumors 
avacuolation of the cytoplasm. Eight patients of the 
Group A had the tumors composed of spindle cells with 

indistinct cell boundaries, an architecture without lobules 
or classic meningothelial whorls. Four of the patients 
diagnosed with meningioma showed tumoral cells with 
elongated processes, without myxoid background. They 
presented variable pleomorphism. We did not observe 
cords/trabeculae or inflammatory infiltrate (Figures 9–12). 

In Group B, including 16 patients diagnosed with 
glioblastoma, both intra- and inter-tumoral histological 
appearance was highly variable. In these tumors, we 
observed fibrillary astrocytes and also endothelial vascular 
proliferation. Four of these patients had glioblastomas 
composed almost entirely of large cells, often with 
prominent nucleoli. In six patients of the Group B, we 
found pseudopalisading necrosis, with tumor cells oriented 
in a perpendicular fashion. In some areas of pseudopali-
sading necrosis, we observed the presence of surrounding 
vessels exhibiting profound tortuosities and multiple 
lumina. 

Group C, including 14 patients with diffuse astro-
cytoma, showed a modest hypercellularity, nuclear poly-
morphism, increased intercellular edema and small micro-
cysts. In the sections greater than 1×1 cm, the cellular 
density was uniform with little variation between gray 
and white matter. Most of the tumors from the Group C 
had astrocytic tumor cell cytoplasm elongated, located 
trailing away from the nucleus, resulting in a unipolar 
appearance. In the intercellular spaces, we found abundant 
eosinophilic fibrillary cytoplasm, with compact pattern. 

MoCA and CAMCOG assessment scales showed 
that over 85% of patients with primitive brain tumors 
had at least one affected cognitive domain. Patients with 
meningioma had affected especially visual-spatial skills. 
Patient’s memory and skills of Group B, diagnosed with 
glioblastoma, showed a significant impairment of memory, 
attention and executive functions. Patients diagnosed with 
diffuse astrocytoma have deficiencies, especially in terms 
of attention, orientation and memory (Table 2). 

Table 2 – The cognitive domains affected in the three 
groups of patients 

Cognitive domain
Group A 

N=22 (n%) 
Group B 

N=16 (n%) 
Group C 

N=14 (n%) 

Attention 16 (72.72%) 12 (75%) 12 (85.71%)

Executive functions 10 (45.45%) 10 (62.5%) 8 (57.14%) 

Language 11 (50%) 8 (50%) 7 (50%) 

Visual-spatial skills 16 (72.72%) 9 (56.25%) 10 (71.42%)

The memory 18 (81.81%) 12 (75%) 12 (85.71%)

Calculation 12 (54.54%) 8 (50%) 10 (71.42%)

Concentration 10 (45.45%) 7 (43.75%) 8 (57.14%) 

Orientation 9 (40.9%) 7 (43.75%) 11 (78.57%)

 Discussion 

A great number of studies have focused their attention 
towards cognitive decline in patients diagnosed with brain 
tumors. Cognitive impairment is the most common 
neurological problem associated with brain tumors. 
Cognitive functioning of patients with brain tumors is 
an important outcome measure, because of the impact 
on quality of life. Treatment of primary brain tumors 
using surgery, radiotherapy or chemotherapy impaired 
cognitive function, too. 
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Cognitive function is now recognized as an independent 
prognostic factor in the survival of these patients. Also, 
the cognitive decline can be the first indicator of the 
progressive disease after treatment. Some studies showed 
that radiotherapy in brain tumors is the main cause of 
cognitive decline [16]. This decline is recognized as the 

most frequent complication among long-term survivors 
[17]. 

During our study, we watched the cognitive assessment 
of patients diagnosed with primitive brain tumors and the 
correlation of their cognitive status with histopathological 
type of tumor. 

 
Figure 9 – Transitional (mixed) meningioma: (a–d) Areas with uniform lobules made by uniform tumor cells and 
surrounded by thin collagenous septae (thick red arrows) and areas with intersecting fascicles of spindle-shaped cells 
resembling fibroblasts, embedded in a collagen-rich and reticulin-rich matrix (thick blue arrows); (a–d) Psammoma 
bodies (thin red arrows). (a) H-E staining, ×100; (b) Tumoral cells positive for EMA (Immunomarking with anti-EMA 
antibody, ×100); (c) Tumoral cells positive for VIM (Immunomarking with anti-VIM antibody, ×100); (d) Ki67 proliferative 
index 10.3% (thin blue arrows) (Immunomarking with anti-Ki67 antibody, ×100; inset, ×400). H-E: Hematoxylin and 
Eosin; EMA: Epithelial membrane antigen; VIM: Vimentin. 

Figure 10 – Meningioma, tumoral cells are negative for 
GFAP (Anti-GFAP antibody immunostaining, ×200). 
GFAP: Glial fibrillary acidic protein. 

Figure 11 – Meningioma, strong immunoreactivity for 
EMA (Anti-EMA antibody immunostaining, ×200). EMA: 
Epithelial membrane antigen. 
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Figure 12 – Tumoral areas of meningioma, with 
relatively uniform cells, with a tendency to form 
psammomatous bodies (H-E staining, ×200). H-E: 
Hematoxylin and Eosin. 

MoCA is a cognitive assessment test in which the 
maximum score that can be obtained is 30 points. It rates 
attention, concentration, orientation and visual-spatial 
abilities. A MoCA score more than 26 points is considered 
normal [18]. 

CAMCOG is a cognitive scale that assesses multiple 
cognitive domains: attention, memory, language, praxia, 
orientation and perception. The maximum score that can 
be obtained from a subject with normal cognitive status 
is 105 points. As the score decreases reveals a cognitive 
decline. Scoring border between cognitive decline and 
dementia is 80 points [19]. 

Following the evaluation, we observed that patients 
who had glioblastoma showed a statistically significant 
cognitive impairment compared to those suffering from 
diffuse astrocytoma’s or meningioma. We observed that 
the patients with glioblastoma who showed an important 
cognitive decline had endothelial vascular proliferation 
in their tumors. 

The pathogenesis of these vascular deformities is not 
known but seem to be related to tumoral production of 
vascular endothelial growth factor (VEGF). The vascular 
density is highly variable and may be an independent 
prognostic factor [20]. 

Patients with meningioma have shown the lowest 
cognitive decline. Among the patients with diffuse astro-
cytoma and the patients with meningioma, we noticed that 
those with diffuse astrocytoma had a more pronounced 
cognitive decline compared to those with meningioma 
but statistically insignificant. 

Regarding cognitive domains affected, meningioma 
presented the highest percentage compared to the other 
two groups concerning only the influence over visual-
spatial abilities. 

Our data are consistent with those from the literature; 
both Tucha et al. [21] and Meskal et al. [22] studies led 
to the conclusion that patients with meningioma had no 
specific cognitive deficits. It is possible that one of the 
explanations is linked to the fact that meningiomas have 
a higher possibility of gradual reorganization, with slower 
growth [21, 22]. 

Regarding our results on the correlation with age and 
gender of patients, they were consistent with the data 
from the literature, meaning that statistically significant 
differences were not detected in any of the three study 
groups [21–23]. In our study, we observed a growth rate 
of diagnosis after the age of 40. More data will show the 
relationship between brain tumors and age and gender. 
Generally, brain cancer develops with age, commonly 
occurring in individuals aged 65 and older. 

The brain tumors are the second type of cancer in 
terms of frequency, occurring in children less than eight 
years old. Age is a factor of utmost importance in showing 
variety regarding the cell type and tumor location. The risk 
of developing medulloblastomas is very low in adults, but 
on the other hand, they develop gliomas highly commonly. 
The adults over the age of 50 are prone to meningiomas. 
Women are twice likely to develop certain cancers, like 
meningiomas. In patients with meningiomas, Yoshii et al. 
reported that temporal and spatial orientation, writing and 
first recall decreased after surgery [24]. 

In patients with glioblastomas, we noticed a pronounced 
cognitive impairment in terms of memory, attention and 
executive functions; data also are consistent with the 
literature [25, 26]. Verbal memory decline was observed 
in the resection of dominant temporal lobe [27], while 
visual-spatial memory decline was associated with the 
resection of non-dominant temporal lobe [28]. 

Specific cognitive domain deficits after tumor removal 
were observed in some studies. One of these, conducted 
by Goldstein et al., showed a minimal deterioration in 
attention after right parenchymal frontal resection [29]. 

From what we observed in the literature, there are 
many studies regarding cognitive assessment based on 
histopathological type of tumor in the pre-neurosurgical 
intervention or radio/chemotherapy [30–32]. Most studies 
in the literature noticed that the cognitive status of the 
patients was evaluated postoperatively or post-radio-/ 
chemotherapy; therefore, we became interested in a study 
of cognitive status for patients with brain tumors of 
primitive stage or pre-interventional/preoperative therapy 
[33–35]. 

For many patients, cognitive changes are part of the 
disease process. Some studies found that the pattern of 
impairment can vary markedly in different patients. These 
studies show that after surgical therapy, an improvement 
of cognitive domains was obtained. For example, Teixidor 
et al. reported long-term improvement of verbal memory 
after a transient immediate postoperative worsening, 
following frontal premotor and anterior temporal area 
resection [36]. 

In their study, Zucchella et al. reported a cognitive 
impairment, as follows: 16.25% of patients presented 
language deficits, 13.75% had limited to memory, 8.75% 
to attention, 6.25% to executive functions, and 1.25% to 
visual-spatial abilities. The rest of the patients with brain 
tumors presented multi-domain cognitive impairment [37]. 

Referring to the scales, which we have used in the 
cognitive assessment of patients included in our study, 
there is a discussion concerning the representation and 
cognitive areas that they cover these scales. 
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We chose the above-mentioned cognitive assessment 
scales (MoCA and CAMCOG) because their structure  
is complementary, the combination of these two scales 
providing a better assessment for a wider range of 
cognitive domains. As the palette is broader cognitive 
domains studied, the results are striking. 

As noted, we did reporting in tumor volumes, as data 
from the literature that we found shows that there is a 
statistically significant correlation between tumor volume 
and assessment of cognitive domains [26, 38, 39]. 

 Conclusions 

After conducting this study, we conclude that cognitive 
assessment of patients diagnosed with primitive brain 
tumors is useful in earlier stage therapeutic intervention, 
at least as useful as it is in the post-interventional step, 
as it helps us to track the dynamic status of cognitive 
patient, both pre- and post-interventional. In this way, 
we can have a broader vision on the evolution of the 
patient’s cognitive level, and we can quantify the possible 
neurotoxic effects of some new therapies. We believe in 
importance of multidisciplinarity in the diagnosis of brain 
tumors and the subsequent cognitive impairment, based 
on clinical, radiological and pathological data. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

References 

[1] Keppes JJ. Meningiomas: biology, pathology and differential 
diagnosis. 1st edition, Book 4: Masson monographs in diagnostic 
pathology – Steinberg SS (ed), Masson Publishing, New York, 
1982, 45–59. 

[2] Napolitano L, Kyle R, Fisher R. Ultrastructure of meningiomas 
and the derivation and nature of their cellular components. 
Cancer, 1964, 17(2):233–241. 

[3] Ferlay J, Bray F, Pisani P, Parkin DM. GLOBOCAN 2002: 
Cancer incidence. Mortality and prevalence worldwide. 
International Agency for Research on Cancer (IARC) Cancer 
Base No. 5, version 2.0, IARC Press, Lyon, France, 2004. 

[4] Parkin DM, Whelan SL, Ferlay J, Teppo L, Thomas DB (eds). 
Cancer in five continents. Vol. VIII, IARC Scientific Publication 
No. 155, IARC Press, Lyon, France, 2002. 

[5] Bondy ML, Scheurer ME, Malmer B, Barnholtz-Sloan JS, 
Davis FG, Il’yasova D, Kruchko C, McCarthy BJ, Rajaraman P, 
Schwartzbaum JA, Sadetzki S, Schlehofer B, Tihan T, 
Wiemels JL, Wrensch M, Buffler PA; Brain Tumor Epide-
miology Consortium. Brain tumor epidemiology: consensus 
from the Brain Tumor Epidemiology Consortium. Cancer, 2008, 
113(7 Suppl):1953–1968. 

[6] Barnholtz-Sloan JS, Sloan AE, Schwartz AG. Relative survival 
rates and patterns of diagnosis analyzed by time period for 
individuals with primary malignant brain tumor, 1973–1997. 
J Neurosurg, 2003, 99(3):458–466. 

[7] Johnson DR, Sawyer AM, Meyers CA, O’Neill BP, Wefel JS. 
Early measures of cognitive function predict survival in patients 
with newly diagnosed glioblastoma. Neuro Oncol, 2012, 14(6): 
808–816. 

[8] Gotay CC, Kawamoto CT, Bottomley A, Efficace F. The 
prognostic significance of patient-reported outcomes in cancer 
clinical trials. J Clin Oncol, 2008, 26(8):1355–1363. 

[9] Gilbert MR, Armstrong TS, Pope WB, van den Bent MJ, 
Wen PY. Facing the future of brain tumor clinical research. 
Clin Cancer Res, 2014, 20(22):5591–5600. 

[10] Squire LR, Knowlton B, Musen G. The structure and organi-
zation of memory. Annu Rev Psychol, 1993, 44:453–495. 

[11] Squire LR, Zolas SM. Structure and function of declarative 
and nondeclarative memory systems. Proc Natl Acad Sci U S A, 
1996, 93(24):13515–13522. 

[12] Meyers CA, Brown PD. Role and relevance of neurocognitive 
assessment in clinical trials of patients with CNS tumors.  
J Clin Oncol, 2006, 24(8):1305–1309. 

[13] Giovagnoli AR, Silvani A, Colombo E, Boiardi A. Facets and 
determinants of quality of life in patients with recurrent high 
grade glioma. J Neurol Neurosurg Psychiatry, 2005, 76(4): 
562–568. 

[14] Meyers CA, Hess KR, Yung WK, Levin VA. Cognitive function 
as a predictor of survival in patients with recurrent malignant 
glioma. J Clin Oncol, 2000, 18(3):646–650. 

[15] Riemenschneider MJ, Reifenberger G. Astrocytic tumors. 
Recent Results Cancer Res, 2009, 171:3–24. 

[16] Taphoorn MJB, Klein M. Cognitive deficits in adult patients 
with brain tumours. Lancet Neurol, 2004, 3(3):159–168. 

[17] Klein M, Duffau H, De Witt Hamer PC. Cognition and resective 
surgery for diffuse infiltrative glioma: an overview. J Neuro-
oncol, 2012, 108(2):309–318. 

[18] Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, 
Whitehead V, Collin I, Cummings JL, Chertkow H. The 
Montreal Cognitive Assessment, MoCA: a brief screening tool 
for mild cognitive impairment. J Am Geriatr Soc, 2005, 53(4): 
695–699. 

[19] Hodges JR. Cognitive assessment for clinicians. 2nd edition, 
Oxford University Press, Oxford, 2007, 152–155. 

[20] Yao Y, Kubota T, Takenchi H, Sato K. Prognostic significance 
of microvessel density determined by an anti-CD105/endoglin 
monoclonal antibody in astrocytic tumors: comparison with 
an anti-CD31 monoclonal antibody. Neuropathology, 2005, 
25(3):201–206. 

[21] Tucha O, Smely C, Preier M, Becker G, Paul GM, Lange KW. 
Preoperative and postoperative cognitive functioning in patients 
with frontal meningiomas. J Neurosurg, 2003, 98(1):21–31. 

[22] Meskal I, Gehring K, Rutten GJ, Sitskoorn MM. Cognitive 
functioning in meningioma patients: a systematic review.  
J Neurooncol, 2016, 128(2):195–205. 

[23] Tucha O, Smely C, Preier M, Lange KW. Cognitive deficits 
before treatment among patients with brain tumors. Neuro-
surgery, 2000, 47(2):324–333; discussion 333–334. 

[24] Yoshii Y, Tominaga D, Sugimoto K, Tsuchida Y, Hyodo A, 
Yonaha H, Kushi S. Cognitive function of patients with brain 
tumor in pre- and postoperative stage. Surg Neurol, 2008, 
69(1):51–61; discussion 61. 

[25] Bosma I, Vos MJ, Heimans JJ, Taphoorn MJ, Aaronson NK, 
Postma TJ, van der Ploeg HM, Muller M, Vandertop WP, 
Slotman BJ, Klein M. The course of neurocognitive functioning 
in high-grade glioma patients. Neuro Oncol, 2007, 9(1):53–62. 

[26] Lezak MD. Neuropsychological assessment. 3rd edition, Oxford 
University Press, New York, 1995, 22–43. 

[27] Joo EY, Han HJ, Lee EK, Choi S, Jin JH, Kim JH, Tae WS, 
Seo DW, Hong SC, Lee M, Hong SB. Resection extent versus 
postoperative outcomes of seizure and memory in mesial 
temporal lobe epilepsy. Seizure, 2005, 14(8):541–551. 

[28] Dulay MF, Levin HS, York MK, Mizrahi EM, Verma A, 
Goldsmith I, Grossman RG, Yoshor D. Predictors of individual 
visual memory decline after unilateral anterior temporal lobe 
resection. Neurology, 2009, 72(21):1837–1842. 

[29] Goldstein B, Armstrong CL, John C, Tallent EM. Attention in 
adult intracranial tumors patients. J Clin Exp Neuropsychol, 
2003, 25(1):66–78. 

[30] Valk PE, Dillon WP. Radiation injury of the brain. AJNR Am J 
Neuroradiol, 1991, 12(1):45–62. 

[31] Abayomi OK. Pathogenesis of cognitive decline following 
therapeutic irradiation for head and neck tumors. Acta Oncol, 
2002, 41(4):346–335. 

[32] Crossen JR, Garwood D, Glatstein E, Neuwelt EA. Neuro-
behavioral sequelae of cranial irradiation in adults: a review 
of radiation-induced encephalopathy. J Clin Oncol, 1994, 
12(3):627–642. 

[33] Dropcho EJ. Central nervous system injury by therapeutic 
irradiation. Neurol Clin, 1991, 9(4):969–988. 

[34] Meadows ME, Butler RW. The neuropsychological effects 
of cranial irradiation in adult brain tumor patients. Abstracts 
Presented at the Twenty-Third Annual Meeting of the Inter-
national Neuropsychological Society, February 8–11, 1995, 
Seattle, Washington, J Int Neuropsychol Soc, 1995, 1(2):124. 



Simona Bondari et al. 

 

1192 

[35] Abayomi OK. Pathogenesis of irradiation-induced cognitive 
dysfunction. Acta Oncol, 1996, 35(6):659–663. 

[36] Teixidor P, Gatignol P, Leroy M, Masuet-Aumatell C, Capelle L, 
Duffau H. Assessment of verbal working memory before and 
after surgery for low-grade glioma. J Neurooncol, 2007, 81(3): 
305–313. 

[37] Zucchella C, Bartolo M, Di Lorenzo C, Villani V, Pace A. 
Cognitive impairment in primary brain tumors outpatients:  
a prospective cross-sectional survey. J Neurooncol, 2013, 
112(3):455–460. 

[38] Kayl AE, Meyers CA. Does brain tumor histology influence 
cognitive function? Neuro Oncol, 2003, 5(4):255–260. 

[39] Dijkstra M, van Nieuwenhuizen D, Stalpers LJ, Wumkes M, 
Waagemans M, Vandertop WP, Heimans JJ, Leenstra S, 
Dirven CM, Reijneveld JC, Klein M. Late neurocognitive 
sequelae in patients with WHO grade I meningioma. J Neurol 
Neurosurg Psychiatry, 2009, 80(8):910–915. 

 
 

 
 
 
 
 
 
Corresponding author 
Mircea Pîrşcoveanu, University Assistant, MD, PhD, Department of Surgical Semiology, Faculty of Medicine, 
University of Medicine and Pharmacy of Craiova, 2 Petru Rareş Street, 200349 Craiova, Dolj County, Romania; 
Phone +40745–356 190, e-mail: mircea_pirscoveanu@yahoo.com 
 
 
 
 
 
 
Received: September 25, 2016 

Accepted: December 30, 2017 
 
 


