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Abstract
Background. High-grade gliomas are the most frequently occurring brain tumors and carry unfavorable prognosis. 
Literature is controversial regarding the effects of surgery on cognitive functions.
Methods. We analyzed a homogenous population of 30 patients with high-grade glioma who underwent complete 
resection. Patients underwent extensive neuropsychological analysis before surgery, 7  days after surgery, and 
approximately 40 days after surgery, before adjuvant treatments. Thirty-four neuropsychological tests were admin-
istered in the language, memory, attention, executive functions, and praxis domains.
Results. The preoperative percentage of patients with impairment in the considered tests ranged from 0% to 53.3% 
(mean 20.9%). Despite a general worsening at early follow-up, a significant recovery was observed at late follow-
up. Preoperative performances in language and verbal memory tasks depended on the joint effect of tumor vol-
ume, volume of surrounding edema, and tumor localization, with major deficits in patients with left lateralized 
tumor, especially insular and temporal. Preoperative performances in attention and constructive abilities tasks 
depended on the joint effect of tumor volume, volume of surrounding edema, and patient age, with major deficits 
in patients ≥ 65 years old. Recovery at late follow-up depended on the volume of resected tumor, edema resorp-
tion, and patient age.
Conclusions. Longitudinal neuropsychological performance of patients affected by high-grade glioma depends, 
among other factors, on the complex interplay of tumor volume, volume of surrounding edema, tumor localiza-
tion, and patient age. Reported results support the definition of criteria for surgical indication based on the above 
factors. They may be used to propose more customized surgical, oncological, and rehabilitative strategies.
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The annual incidence of high-grade gliomas (ie, World 
Health Organization [WHO] grade III/IV) is 3 to 4 cases per  
100 0001. These are the most frequent malignant brain tumors 

in adults,2 with an unfavorable prognosis.3 Overall survival 
depends on different factors, including age, extent of resection, 
and performance status.4 Neurological and cognitive functions 
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have a dramatic impact on daily living and, given the short 
overall survival of patients affected by high-grade glioma, 
limiting neurocognitive deficits is crucial.

The Karnofsky Performance Status5 is a widely accepted 
scale for clinical assessment of patients with high-grade 
gliomas. While this scale provides information about the 
presence of neurological symptoms, ability to work, and 
need for assistance in basic self-care, it does not provide 
reliable information on the whole spectrum of cogni-
tive functions. Over the last decade, the role of extensive 
neuropsychological assessment in patients affected by 
brain tumors has dramatically increased, in parallel to the 
widespread increase in surgical treatment of low-grade 
gliomas.6 However, only a few studies have evaluated 
the effects of surgical treatment on the cognitive func-
tions of patients diagnosed with high-grade gliomas.7–13 
Retrospective design and nonspecific or nonextensive 
screening tools (eg, Mini Mental State Examination)14 
have been commonly used for assessing cognitive func-
tions.15–17 Moreover, most studies include heterogeneous 
populations of patients affected by different tumors (ie, 
both low-grade and high-grade gliomas)13,18–22 with no 
comparable physiopathology, treatment, or natural history 
of disease. For all these reasons, even if surgery is com-
monly considered effective in alleviating neurocognitive 
deficits, the literature is still controversial.

Some authors reported neurocognitive deficits17–19,22 at 
least up to the first 3 months after surgery,10,18 and oth-
ers showed no effect of surgical resection.13,19–21,23,24 Even 
if different studies suggest that patients with tumors in 
the dominant hemisphere and in language areas have a 
worse neuropsychological outcome than patients with 
tumors in the nondominant hemisphere or noneloquent  
areas,9,17–19,22,24–28 this is not a common finding.20,29 The 
impact of patient age is also debated.9,13,15,17,20–22 To the best 
of our knowledge, only one study assessed the impact of 
mass effect on cognitive function in a homogeneous pop-
ulation of high-grade gliomas,9 demonstrating a positive 
correlation between mass effect and preoperative impair-
ment in the executive and psychomotor functions.

Our goal is to study the joint effects of tumor location, 
patient age, and mass effect, as well as the potential 
effects of the edema surrounding the tumor, providing new 
insights into the determinants of neurocognitive outcome 
over time in patients with high-grade glioma who have 
undergone complete resection.

Materials and Methods

Study Population

Thirty consecutive patients underwent resection of high-
grade gliomas at the Neurosurgical Division of Santa 
Chiara Hospital in Trento, Italy between October 2012 and 
November 2015. The study was approved by the Ethical 
Committee of the Azienda Sanitaria per i Servizi Sanitari 
of Trento. Patients were informed about the details of the 
study by neurosurgeons (S.S.  and F.C.) and a neuropsy-
chologist (M.D.) and they gave their informed consent to 
an extensive preoperative neuropsychological assess-
ment and follow-up. Exclusion criteria were: history of 

neurological or psychiatric disorders and insufficient 
knowledge of the Italian language.

All patients were medicated with 16  mg dexametha-
sone (8 mg twice a day) before surgery; medication was 
progressively reduced and stopped within 20  days after 
surgery. All patients underwent radiotherapy treatment 
and 27 patients (90%) underwent chemotherapy treatment. 
The mean time from surgery to adjuvant treatment was 
46.5 days (median 43.5 days).

Neuropsychological Assessment

Different cognitive functions, including language, memory, 
attention, executive functions, praxis, and hemispheric 
dominance, were evaluated with a battery of neuropsy-
chological tests.30–42 Hand-preference was assessed by 
the Edinburg Handedness Inventory Test.42 Thirty-one neu-
ropsychological tests (resulting in 34 specific subitems) 
were administered to all patients the day before surgery, 
7 days after surgery (early follow-up), and 28 to 40 days 
after surgery (median 40  days, mean 35.7  days, late fol-
low-up). The late follow-up was set just before adjuvant 
treatment in order to exclude possible interferences on 
the cognitive status. The duration of the neuropsychologi-
cal evaluation was never shorter than 1.5 hours and never 
longer than 2 hours. Parallel versions of some tests were 
used at early and late postoperative follow-up, in order to 
avoid possible learning effects. Raw scores were adjusted 
for age, education, and gender; specific cut-off values were 
adopted to evaluate impairments in each test. Adjusted 
scores allow, for instance, evaluating the net effect of age 
on patients’ performances.

Surgical Treatment

All patients underwent resection under general anesthe-
sia. A preoperative MR image for neuronavigation and a 
diffusion-weighted imaging scan for tractography recon-
structions were obtained within 3 days before surgery 
and merged intraoperatively. Diffusion tensor imaging 
reconstructions (with deterministic FACT approach) of 
the bundles bordering the tumors were analyzed by the 
same surgeon (S.S.), used for preoperative planning, and 
merged with T1 sequence for the neuronavigation. The 
resection was performed with subpial and subarachnoid 
dissection with the Sonopet ultrasonic aspirator. The resec-
tion was stopped when healthy brain tissue was reached 
in all directions, with a variable margin beyond the area of 
contrast enhancement, taking into account the functional 
limit imposed by bundle reconstruction.

MRI, Overall Mass Effect

All patients underwent preoperative, early postoperative 
(24 hours after surgery), and late postoperative (approxi-
mately 40 days after surgery, on average) MRI. The tumor 
volume was computed by manual drawing of multiple 
regions of interest around the enhancing area on preop-
erative T1-weighted MR images using Osirix. Similarly, 
preoperative, early, and late postoperative fluid-attenuated 
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inversion recovery (FLAIR) extents were computed. 
Preoperative and early postoperative FLAIR extent was 
available for all patients; late postoperative FLAIR extent 
was available for 16 patients (Figure 1). We defined “overall 
mass effect” as the volume of the union of tumor and pre-
operative FLAIR extent, thus taking into account not only 
the tumor volume but also the surrounding edema and 
infiltration areas.

Statistical Analysis

Differences in preoperative adjusted scores by patient age 
(two groups were considered: patients < 65 years old and 
patients ≥ 65 years old) and tumor location were assessed 
by Wilcoxon rank sum test. Differences in the percent-
age of patients with cognitive impairment by patient age 
and tumor location were assessed by proportion test. 
Correlations of preoperative adjusted scores with overall 
mass effect and tumor volume were assessed by Spearman 
rank correlation. A linear model was employed to evaluate 
the predictability of preoperative adjusted scores on the 
basis of patient age, tumor lateralization, and overall mass 
effect: S = ci + cmM + cAA + cLL, where S is the adjusted score,  
M is the overall mass effect (in cm3), A is the patient age (in 
years), and L is a binary variable representing tumor later-
ality (0: right, 1: left); ci is the intercept and cm, cA, and cL are 
the regression coefficients.

Longitudinal differences (eg, from preoperative to early 
follow-up or from early follow-up to late follow-up) of 
adjusted scores were assessed by paired Wilcoxon test.

We defined the random variable (Sl-Sp), which we refer 
as to “adjusted scores variation,” to evaluate recovery at 

late follow-up; it represents the difference between the 
adjusted score at late follow-up (Sl) and at the preopera-
tive assessment (Sp). The difference between overall mass 
effect (Mp) and early postoperative FLAIR extent (Fe) may 
be interpreted as an indicator of the benefit of surgery (Mp-
Fe), which we refer as to “decrease of overall mass effect”; 
it provides a measure of resected tumor and edema resorp-
tion. Correlations of adjusted scores variation with tumor 
volume and with decrease of overall mass effect were 
assessed by Spearman rank correlation. We performed the 
same analysis by considering the random variable (Mp-Fl), 
where Fl represents the late postoperative FLAIR extent. 
A linear model was employed to evaluate the predictability 
of the adjusted scores variation on the basis of patient age, 
tumor lateralization, and decrease of overall mass effect.

Results

The age of the 30 patients ranged from 32 to 83 years (mean 
± SD: 59.3  ±  13.9  years), with a preponderance of males 
(63.3%; 19/30). Twenty-nine patients were right-handed and 
1 patient was ambidextrous. Twenty-six patients had glio-
blastoma (grade IV, WHO), 4 patients had anaplastic astro-
cytoma (grade III, WHO), and there was a higher prevalence 
of left-lateralized tumors (60%; 18/30). The tumor volume 
(mean ± SD) was 28.8 ± 28.3 cm3, surrounded by an edema 
about 2.5 times larger, resulting in an overall mass effect 
of 100.9 ± 64.7 cm3. We found that the edema resorbs soon 
after surgery (from 72.2 ± 53.4 to 46.5 ± 37.1 cm3), and after-
wards it remains nearly constant (40.3  ±  31.4  cm3 at late 
postoperative assessment). Details are reported in Table 1.

Fig. 1 Evolution of tumor volume and overall mass effect and the respective neuropsychological outcomes over the follow-up of two large WHO 
grade IV high-grade gliomas in the right non-dominant (up) and left-dominant hemisphere (down).
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Preoperative Assessment

Language: Effect of Tumor Location and Patient Age

The percentage of patients showing impairment was above 
20% for auditory and visual comprehension of words and 
for verbal fluency (auditory comprehension of words [ACW: 
21.4%], visual comprehension of words [VCW: 21.4%], visual 
comprehension of sentences [VCS: 33.3%], verbal phone-
mic fluency [VPF: 36.6%], and verbal semantic fluency [VSF: 
23.3%]) (Table  2). Results describing association between 
tumor location and neuropsychological adjusted scores 
are reported in Table 3. Patients with left-lateralized tumors 
performed worse than patients with right-lateralized tumors 
in naming of nouns (LCNT: 67 vs 77.4) and verbal fluency 
tasks (VPF: 16.8 vs 27 and VSF: 27.1 vs 36.5). Of patients with 
left-lateralized tumors, 55.6% showed impairment in verbal 
phonemic fluencies and 33.3% in verbal semantic fluencies. 
More in detail, worse adjusted scores in verbal phonemic 
fluencies were observed for patients with tumor in the left 
insula (VPF: 12.1 vs 22.6), with 80% of those patients show-
ing impairment, while worse adjusted scores in naming 
tasks were observed for patients with tumor in the left tem-
poral lobe (LCNT: 59.7 vs 74.7; naming of nouns [NN]: 8.3 vs 
9.8; and naming of verbs [NV]: 8.1 vs 8.9), with 50% of those 
patients showeing impairment in the naming of nouns 
tasks (NN and LCNT). Patients with tumor in the left ventral 
stream had worse adjusted scores in the repetition of num-
bers task (NRep: 9.2 vs 9.8), especially those with tumor in 
the left insula (NRep: 8.8 vs 9.8), with 40% of patients show-
ing impairment. We did not find any significant difference of 
adjusted scores by age. However, 60% of patients ≥ 65 years 
old had lower-than-normal scores in auditory compre-
hension of words while no impairments were recorded in 
younger patients (P = .052). The same results emerged from 
the analysis of visual comprehension of words.

Memory: Effect of Tumor Location and Patient Age

The percentage of patients showing impairment in memory 
was above 20% in all considered tasks. The highest percent-
ages of patients showing impairment was found with long-
term memory tasks, both visuospatial (ROCF-DC: 53.3%) 
and verbal (15RWL-DR: 46.7%) (Table 2). Results describing 
association between tumor location and neuropsychologi-
cal adjusted scores are reported in Table  3. Patients with 
left-lateralized tumors performed worse than patients with 
right-sided tumors in the verbal memory tasks, both long-
term (15RWL-DR: 3.7 vs 6.7) and short-term (15RWL-IR: 
26.7 vs 39.7); the long-term recognition task (15RWL-Rec: 
5.8 vs 1.1); and the accuracy in long-term recognition task 
(15RWL-Acc: 75.3 vs 93.7). The percentages of patients with 
abnormal scores on these tasks ranged from 50% to 100%. 
More specifically, worse adjusted scores were observed in 
patients with tumor in the left ventral stream. Patients with 
tumor in the left insula had the lowest scores in the short-
term verbal memory tasks (15RWL-IR: 18.5 vs 34.6 and DS: 
3.5 vs 4.9, with 80% and 60% of patients showing impair-
ment on these tests, respectively). It is worth noticing 
that the percentage of patients with left-side tumors who 
showed impairment in the long-term verbal memory task 
(15RWL-DR) was always larger than 72.2%.

Patients younger than 65  years old performed better 
than older patients in the long-term verbal memory tasks 
(15RWL-Acc: 87.1 vs 73.7, P  =  .008; 15RWL15-Rec: 2.85 vs 
6.0, P = .025).

Attention and Executive Functions: Effect of 
Tumor Location and Patient Age

The percentage of patients showing impairment was 
above 20% for the accuracy on visual attention task (LCA: 
23.3%); the visual divided attention task, in particular the 
cognitive flexibility task (TMTB: 30%); and the executive 
function task (TMTB-A: 33.3%) (Table  2). As for asso-
ciation between tumor location and neuropsychological 
adjusted scores, we found that patients with tumor in 
the right dorsal stream performed worse in the selective 
attention task (AM: 29.5 vs 37, Table 3). Patients younger 
than 65  years old performed better than older patients 
in both the visual selective attention task (AM: 39.2 vs 
27.8, P = .037) and the divided attention task, namely the 
cognitive flexibility task (TMTB: 151.3 vs 276.2, P = .008) 
and executive functions task (TMTB-A: 114.2 vs 246.4, 
P = .008).

Praxis: Effect of Tumor Location and Patient Age

The percentage of patients showing impairment was above 
20% only in constructive skills (ROCF-C: 46.6% of impaired 
patients) (Table 2). We did not find any significant difference 
of adjusted scores by tumor location. Patients younger than 
65 years old performed better than older patients in con-
structive skills (ROCF-C: 29.0 vs 20.8, P = .015).

Overall Mass Effect

We found a significant impact of the overall mass effect 
on the preoperative performances of patients in 9 tests 
(Table  4). In the language domain, we detected statisti-
cally significant negative correlations between overall 
mass effect and adjusted scores in verbal fluencies, both 
phonemic (VPF: ρ = -0.48) and semantic (VSF: ρ = -0.45). 
As for the memory domain, we found negative correla-
tion in short-term (15RWL-IR: ρ  =  -0.63) and long-term 
(15RWL-DR: ρ  =  -0.37) verbal memory tasks, and short-
term spatial memory (CS: ρ = -0.4). In the praxis domain, 
we found negative correlation in constructive praxis 
(ROCF-C: ρ = -0.37). In the attention domain, we found neg-
ative correlation in visual attention tasks, namely selec-
tive attention (AM: ρ = -0.39), and positive correlations in 
cognitive flexibility (TMTB: ρ = 0.52) and executive func-
tions (TMTB-A: ρ  =  0.49). Moreover, the tumor volume 
was negatively correlated to the adjusted scores in nam-
ing nouns (NN: ρ = -0.36), verbal phonemic fluency (VPF: 
ρ = -0.39), short-term verbal memory (DS: ρ = -0.36), and 
constructive abilities (ROCF-C: ρ  =  -0.35). Tumor volume 
was positively correlated to the adjusted scores in cogni-
tive flexibility (TMTB: ρ  =  0.56) and executive functions 
(TMTB-A: ρ  =  0.54) (Table  4). These results demonstrate 
the possible impact of both tumor volume and surround-
ing edema on the neuropsychological outcome in all con-
sidered domains.
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The Joint Effect of Overall Mass Effect, Age and 
Tumor Lateralization

The overall mass effect was not statistically different 
between the patients with left-sided and right-sided 
tumors (P = .47). Moreover, the overall mass effect was 
not correlated with age (P = .27). Since the variables were 
uncorrelated, we calibrated a linear model for estimating 
the preoperative adjusted scores on the basis of overall 
mass effect, tumor lateralization, and age. Results of this 
analysis demonstrated that preoperative adjusted scores 
in naming tasks (LCNT) and verbal fluency tasks, both pho-
nemic (VPF) and semantic (VSF), were worse in patients 

with left-lateralized tumor and large overall mass effect 
(Table 5). Preoperative adjusted scores in comprehension 
tasks, both auditory (ACW) and visual (VCW), were worse 
in patients ≥ 65 years old with large overall mass effect 
(Table 5).

In the memory domain, preoperative adjusted scores 
in verbal memory tasks, both short-term (15RWL-IR) 
and long-term (15RWL-DR), and accuracy in recognition 
memory (15RWL-Acc) were worse in patients with left-
lateralized tumor and large overall mass effect (Table  5). 
Worse adjusted scores in short-term visuospatial memory 
(CS) were found in patients with large overall mass effect 
(Table 5).

Patients ≥ 65  years old with large overall mass effect 
had worse preoperative adjusted scores in visual selective 
attention (AM) and divided attention, namely visuospatial 
attention (TMTA), cognitive flexibility (TMTB), and execu-
tive functions (TMTA-B) (Table  5). Similar results were 
obtained in the praxis domain, and in particular in the con-
structive skills task (ROCF-C) (Table 5).

Short-term Effect of Surgery

The early postoperative MRI (24 hours after surgery) 
showed the complete resection of the enhancing areas in all 
the patients. By comparing preoperative mean scores with 
early and late follow-up mean scores we observed a typi-
cal pattern, characterized by a worsening at early follow-up 
(with respect to preoperative assessment) and a recovery 
at late follow-up (Table 2). Specifically, a significant wors-
ening from preoperative assessment to early follow-up 
was observed in 6 tasks associated with repetition of sen-
tences (RepS: p  =  0.049) and numbers (NRep: p  =  0.044), 
short-term and long-term verbal memory (15RWL-Acc: 
p = 0.009; 15RWL-IR: p = 0.037; 15RWL-Rec: p = 0.006), and 
visual attention (TMTA: p = 0.009). Remarkably, a significant 
decrease of the proportion of low test scores from preopera-
tive to early follow-up assessment was observed only in 1 
patient (preoperative deficits: 70%; early follow-up deficits: 
33%, P  =  .007), while we observed a significant increase 
in 6 patients. A  recovery from early to late follow-up was 
observed in 17 tasks (including the 6 tasks for which a wors-
ening from preoperative to early follow-up assessment 
was observed): visual comprehension of sentences (VCS: 
P  =  .007); naming verbs (NV: P  =  .005) and nouns (LCNT: 
P = .003); verbal phonemic fluency (VPF: P = .009); repetition 
of sentences (RepS: P = .049), non-words (RepNW: P = .031), 
and numbers (NRep: P = .014); visual attention (AM: P = .01; 
TMTA: P = .001; LCS: P = .005); short-tem and long-term ver-
bal memory (DS: P = .016; 15RWL-Acc: P = .049; 15RWL-IR: 
P  =  .003; 15RWL-Rec: P  =  .026); visuospatial memory (CS: 
P =  .018); orofacial praxis (OP: P =  .041); and constructive 
praxis (ROCF-DC: P = .017). We did not report any significant 
improvement from preoperative assessment to early fol-
low-up or significant worsening from early to late follow-up.

Late Follow-up Assessment

A significant improvement from preoperative assess-
ment to late follow-up was observed in 7 tasks (Table 2) 

Table 1 Patient demographics and tumor features

Variable Patients (N = 30)

Age (years)

>65 10 (33.3%)

≤65 20 (66.6%)

Gender

Male 19 (63.3%)

Female 11 (36.7%)

Scholarity (years)

≤8 15 (50%)

>8 15 (50%)

Handedness

Left 0 (0%)

Right 29 (96.7%)

Bilateral 1 (3.3%)

Tumor grade

III Anaplastic Astrocytoma 4 (13.3%)

IV Glioblastoma 26 (86.7%)

Tumor Location#

Frontal 14 (46.7%)

Insular 6 (20%)

Temporal 11 (36.7%)

Parietal 7 (23.3%)

Occipital 2 (6.7%)

Tumor Lateralization

Left 18 (60%)

Right 12 (40%)

Volumes (cm3)

Preoperative T1 extent (tumor volume) 28.8 ± 28.3

Preoperative FLAIR extent 72.2 ± 53.4

Overall mass effect (preoperative T1 + 
FLAIR)

100.9 ± 64.7

Early postoperative FLAIR extent 46.5 ± 37.1

Late postoperative FLAIR extent* 40.3 ± 31.4

# Tumors may be located in more than one lobe.
* Available for 16 out of 30 patients.
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Table 2 Neuropsychological tests, acronym and reference, cut-off for normal performance, and results: mean adjusted score (S) and percentage of 
impaired patients (I) at preoperative assessment (1), early follow-up (2) and late follow-up (3)

Cognitive tests in different domains Acronym [Ref] Cut-off S1 S2 S3 I1 I2 I3

Language

Repetition of words RepW [9] ≥8.8 9.7 9.5 9.8 3.3 6.7 0

Repetition of non-words RepNW [9] ≥2 4.7 4.4 4.7 3.3 3.3 0

Repetition of sentences RepS [9] ≥3 2.9 2.5 2.8 6.7 23.3 13.3

Reading of words ReaW [9] ≥6.4 8 7.9 7.9 16.7 10 10

Reading of non-words ReaNW [9] ≥4 4.3 4.1 4.4 16.7 23.3 13.3

Reading of sentences ReaS [9] ≥1.3 1.7 1.6 1.8 13.3 16.7 10

Writing of sentences WS [9] ≥0.6 1.3 1 1 6.7 23.3 16.7

Naming of nouns 
(Laiacona-Capitani)

LCNT [28] ≥61 71.7 66 74.5 10 25 5

Naming of nouns NN [9] ≥8.2 9.5 9.1 9.7 13.3 20 3.3

Naming of verbs NV [9] ≥6.1 8.7 8.2 9.3 10 16.7 0

Auditory comprehension of words ACW [9] ≥18.4 18.6 19.2 19.2 21.4 7.1 14.3

Auditory comprehension of sentences ACS [9] ≥11.6 13.2 12.9 13.2 10 13.3 10

Visual comprehension of words VCW [9] ≥17 17.9 17.3 18.5 21.4 28.6 14.3

Visual comprehension of sentences VCS [9] ≥11.3 11.6 10.8 12.5 33.3 26.7 20

Repetition of numbers NRep [9] ≥8.8 9.6 8.8 9.6 6.7 20 10

Reading of numbers NRea [9] ≥7.6 8.9 8.4 9 6.7 20 6.7

Verbal fluency on phonemic cue VPF [11] ≥17.35 20.9 18.8 23.7 36.7 53.3 36.7

Verbal fluency on semantic cue VSF [31] ≥25 30.9 30.1 34.6 23.3 43.3 20

Memory

Digit-span, short term verbal 
memory

DS [33] ≥3.75 4.7 4.2 4.9 20 30 16.7

Corsi-span, short term visuospatial 
memory

CS [33] ≥3.5 3.7 3.7 4.3 40 26.7 3.3

15 Rey’s word list: immediate recall 15RWL-IR [10] ≥28.53 31.9 25 32.4 33.3 56.7 40

15 Rey’s word list: delayed recall 15RWL-DR [10] ≥4.69 4.9 4 4.7 46.7 73.3 56.7

15 Rey’s word list: recognition 
memory

15RWL-Rec [10] ≤2 3.9 10.1 6.1 33.3 63.3 46.7

15 Rey’s word list: accuracy in 
recognition

15RWL-Acc [10] ≥88 82.6 67.4 80.4 40 56.7 43.3

Rey–Osterrieth complex figure 
delayed copy

ROCF-DC [8] ≥9.47 9.8 10.6 11.9 53.3 50 40

Attention and executive functions

Lines cancellation task, visual  
attention: accuracy

LCA [1] ≥59 57.3 56 58.7 23.3 23.3 13.3

Lines cancellation task, visual  
attention: speed

LCS [1] ≤105 37.7 44.8 33.7 0 0 0

Attentional matrices, visual selective 
attention

AM [44] ≥30 35.4 34.8 40.4 16.7 26.7 16.7

Trail making test, visuospatial 
attention

TMTA [20] <94 52.1 90.9 40.9 13.3 30 10

Trail making test, cognitive flexibility TMTB [20] <283 192.9 225.5 216.9 30 40 40

Trail making test, executive function TMTB-A [20] <187 158.3 189.8 182.5 33.3 43.3 40

Praxis

Orofacial skills OP [15] ≥16 18.1 18 19.3 6.7 13.3 0

Ideomotor skills IP [14] >16 18.6 18.8 19.5 13.3 10 3.3

Rey–Osterrieth complex figure copy ROCF-C [8] ≥28.88 26.3 25.2 29 46.7 46.7 43.3
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associated with visual comprehension of sentences (VCS: 
P =  .028), naming verbs (NV: P =  .036) and nouns (LCNT: 
P = .007), short-term spatial memory (CS: P = .01), recogni-
tion memory (15RWL-Ric: P = .049), long-term spatial mem-
ory (ROCF-DC: P = .049), and orofacial praxis (DP: P = .015). 
We did not observe any significant worsening from pre-
operative assessment to late follow-up. We found that the 
adjusted scores variation is correlated with the decrease 
of overall mass effect in 10 tasks in all examined domains 
(Table 6). Specifically, naming of nouns (LCNT: ρ  = 0.76), 
verbal semantic fluency (VSF: ρ = 0.39), reading of words 
(ReaW: ρ = 0.37), auditory comprehension of words (ACW: 
ρ  =  0.57), visuospatial memory, both short-term (CS: 
ρ  =  0.34) and long-term (ROCF-DC: ρ  =  0.44), short-term 
verbal memory (15RWL-IR: ρ  =  0.53), visuospatial atten-
tion, namely cognitive flexibility (TMTB: ρ = -0.52), execu-
tive functions (TMTB-A: ρ = -0.52), and constructive praxis 
(ROCF-C: ρ = 0.39). Despite the smaller sample size, com-
parable results were obtained by considering the random 

variable (Mp-Fl) (Table 6). We found a significant correlation 
with the tumor volume in 5 tests (Table 6).

We calibrated a linear model for estimating the adjusted 
scores variation on the basis of decrease of overall mass 
effect, tumor lateralization, and age. Results of this analysis 
showed that recovery at late follow-up is mainly attributable 
to the decrease of overall mass effect and age (in particular 
for tests where preoperative assessment is affected by age, 
namely VCW, ACW, AM, TMTA, and ROCF-C; see Table  5), 
and that tumor lateralization has minimal impact (Table 6).

Discussion

Considering the crucial role of extent of resection in prolong-
ing survival, surgery plays an important role in the whole 
treatment of patients affected by high-grade gliomas.43 As 
a consequence, the growing efforts of neuro-oncological 

Table 3 Neuropsychological tests in different domains with observed statistical differences for tumor location (patients in Group G vs patients not 
in group G, nonG, were tested). Differences in both mean adjusted scores (S-G and S-nonG) and percentage of impaired patients (I-G and I-nonG) 

were evaluated. Columns pS and pI show the resulting P values

Test Group (G) S-G S-nonG pS I-G (%) I-nonG (%) PI

Language

LCNT Left 67.0 77.4 .008 18.2 0 .549

LCNT Left-temporal 59.7 74.7 .018 50.0 0.0 .040

VPF Left 16.8 27.0 .015 55.6 8.3 .025

VPF Left-insular 12.1 22.6 .040 80.0 28.0 .09

VSF Left 27.1 36.5 .040 33.3 8.3 .252

NN Left-temporal 8.3 9.8 .004 50.0 4.2 .022

NV Left-temporal 8.1 8.9 .032 16.7 8.3 1

NRep Left-ventral 9.2 9.8 .033 20.0 0.0 .196

NRep Left-insular 8.8 9.8 .051 40.0 0.0 .022

Memory

15RWL-IR Left 26.7 39.7 .005 50.0 8.3 .048

15RWL-IR Left-insular 18.5 34.6 .021 80.0 24.0 .057

15RWL-DR Left 3.7 6.7 .005 72.2 8.3 .002

15RWL-DR Left-ventral 3.0 5.8 .011 80.0 30.0 .028

15RWL-DR Left-temporal 2.1 5.6 .008 100.0 33.3 .014

15RWL-Rec* Left 5.8 1.1 .064 50.0 8.3 .048

15RWL-Acc Left 75.3 93.7 .007 55.6 16.7 .080

15RWL-Acc Left-ventral 74.6 86.7 .052 50.0 35.0 .693

DS Left-insular 3.5 4.9 .036 60.0 12.0 .066

Attention

AM Right-dorsal 29.5 37.0 .004 25.0 17.4 1

AM = attentional matrices, visual selective attention; DS = digit-span, short term verbal memory; LCNT = naming of nouns (Laiacona-Capitani); NN = 
naming of nouns;  NRep = repetition of numbers; NV = naming of verbs; VPF = verbal fluency on phonemic cue; VSF = verbal fluency on semantic cue; 
15RWL-Acc = 15 Rey’s word list: accuracy in recognition; 15RWL-DR = 15 Rey’s word list: delayed recall; 15RWL-IR = 15 Rey’s word list: immediate 
recall; 15RWL-Rec = 15 Rey’s word list: recognition memory. 

* Note that larger scores in these tasks indicate worse performances (see Table 2). 
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surgeons and the technical advancements in this field aim to 
push resection to the limit as much as possible. Nonetheless, 
the real impact of sole radical surgery (ie, complete resec-
tion) on cognitive outcome of patients affected by high-
grade gliomas is still controversial. Our results suggest 
that, despite a worsening of neuropsychological perfor-
mances at early follow-up, surgery might be effective also 
for improving the cognitive performances of patients and 
thus their quality of life. The worsening immediately after 
surgery, observed in spite of the mass effect reduction and 
edema resorption, is possibly due to the concurrent short-
term effects of surgery, anesthesia, and/or postsurgical pain 
treatment. Hereafter we discuss the role of the main deter-
minants, namely overall mass effect, tumor localization and 
age, of the neuropsychological outcome.

Mass Effect

A negative correlation between tumor volume and preop-
erative performances in the executive and psychomotor 
functioning was demonstrated in a population of high-
grade gliomas.9 Moreover, a negative correlation between 
tumor volume and preoperative memory performances 
was demonstrated in a mixed population of low-grade and 

high-grade gliomas.18 Remarkably, our results suggest 
that the preoperative neuropsychological outcome might 
depend on both tumor volume and volume of the edema 
surrounding the tumor itself. Moreover, we demonstrated 
that the overall mass effect might affect performances in a 
much wider spectrum of neurocognitive abilities, covering 
all examined domains, namely comprehension, naming, 
verbal fluency, verbal and spatial memory, attention, and 
executive functions and constructive abilities.

We demonstrated that recovery at late follow-up might 
depend on both tumor resection and decrease of hyper-
intense areas surrounding the tumor lesion. Indeed, the 
decrease of overall mass effect is proportional to the resected 
tumor mass and to the surrounding edema, and inversely 
proportional to eventual damages caused by surgery (micro-
vascular injuries, manipulation, etc.). Interestingly, recovery 
was observed exclusively in the tasks with direct and positive 
correlation between impairment and overall mass effect. This 
evidence supports a possible effect of surgery (ie, resection 
in contact with eloquent bundles or cortices, postoperative 
edema, subclinical seizures, partial damage to eloquent con-
nectivity) in the early postoperative impairment. However, 
this negative effect was demonstrated to be temporary prob-
ably because of the respect of subcortical eloquent limits 
and/or because of the occurrence of early plasticity phenom-
ena in the early postoperative period.19,25 Reported results 
suggest that the tumor volume or the overall mass effect 
should not impact the surgical indication. Rather, they sup-
port the crucial principle of resecting the tumor as much as 
possible, respecting the eloquent white matter (WM) border-
ing the tumor (ie, avoiding or limiting surgical damage to the 
perilesional functional structures).

Effect of Tumor Location

We found that tumor lateralization affected preoperative 
performances in verbal fluency, both phonemic and seman-
tic, naming of words, and verbal memory, both short-term 
and long-term. Similar results in the language domain were 
previously reported by other groups13,18,20 and are not sur-
prising. These results depend, in fact, on the intrinsic spe-
cialization of the left hemisphere in performing language 
tasks, since language is a distributed, multimodal, and plas-
tic but strongly lateralized network, especially in right-hand-
ers.18–20,22,25,27,28,44 Remarkably, however, we obtained more 
detailed results. In particular, we demonstrated that perfor-
mances in verbal fluency and naming of words were worse 
in patients with tumor in the left insula and left temporal 
lobe, producing mass effect on both dorsal and ventral 
streams. This may be explained by considering the course 
of the ventral semantic stream (ie, inferior fronto-occipital 
fascicle, inferior longitudinal fascicle, uncinate fascicle), 
connecting the occipital and frontal lobes through the tem-
poral lobe, and the dorsal phonological stream (arcuate fas-
cicle), connecting the temporal and frontal lobes running 
around the perisilvian sulcus.44

Results in the memory domain can be explained by con-
sidering that the language network is essential to perform-
ing verbal memory tasks. Patients with left-ventral tumors, 
in fact, had a worse performances in all the verbal memory 
tasks. This is expected considering that cognitive functions 

Table 4 Spearman rank correlation of neuropsychological adjusted 
scores with tumor volume (column ρT1) and overall mass effect (col-

umn ρM). Columns pT1 and pM show the corresponding P values

Test ρT1 pT1 ρM pM

Language

NN -0.36 .048 – –

VPF -0.39 .033 -0.48 .007

VSF – – -0.45 .012

Memory

CS – – -0.40 .029

DS -0.36 .047 – –

15RWL-IR – – -0.63 <.001

15RWL-DR – – -0.37 .043

Attention

AM – – -0.39 .031

TMTB* 0.56 .001 0.52 .003

TMTB-A* 0.54 .002 0.49 .005

Praxis

ROCF-C -0.35 0.054 -0.37 .045

AM = attentional matrices, visual selective attention; CS = Corsi-span, 
short term visuospatial memory; DS = digit-span, short term verbal 
memory; NN = naming of nouns;  ROCF-C = Rey -Osterrieth complex 
figure copy; TMTB = trail making test, cognitive flexibility; TMTB-A = 
trail making test, executive function; VPF = verbal fluency on phonemic 
cue; VSF = verbal fluency on semantic cue; 15RWL-DR = 15 Rey’s word 
list: delayed recall;15RWL-IR = 15 Rey’s word list: immediate recall.
* Note that larger scores in these tasks indicate worse performances 
(see Table 2). 
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depend on large, distributed, and highly integrated net-
works, including several specialized brain regions and 
bundles.45 It is well known, for instance, that language net-
works are much more distributed and plastic than previ-
ously assumed (even because of potential reorganization 
induced by the tumor growth). Moreover, associative, 
connection, and projection fibers subserving this network 
could also support other functions in a more integrated 
connectomic view of brain processing.46 It is worth notic-
ing that while preoperative performances clearly depend 
on the dominance of the affected hemisphere, the final 
outcomes do not (Figure 1).

Effect of Patient Age

We demonstrated that age might affect preoperative per-
formances in auditory and visual comprehension, selec-
tive and divided attention, and constructive abilities, with 
worse performances in patients ≥ 65 years old. We report 
here that these results go beyond the well-known evi-
dence that the neurocognitive performance of individu-
als ≥ 65 years old is worse with respect to that of younger 
individuals. Indeed, the use of adjusted scores allows 

evaluating the real effect of age on patients’ performances. 
In other words, when we state, for instance, that patients  
≥ 65 years old perform worse than younger individuals, we 
also mean that these patients perform worse than healthy 
individuals of same age.

Results in the attention and executive functions domain 
can be explained by considering that mental flexibility 
and attention resources are more limited under cognitive 
deterioration,47 thus the outcome of patients ≥ 65 years old 
could be affected by lower baseline cognitive performance. 
Younger patients, on the contrary, could have more func-
tional resources for a better recovery of attentional abilities.

Results in language and praxis domains can be explained 
by considering the high cognitive demand required by com-
prehension and constructive abilities tasks. Indeed, com-
prehension requires immediate and critical concentration, 
shifting attention continuously between auditory and visual 
stimuli. This hypothesis is partially supported by the analysis 
of attention tasks in patients ≥ 65 years old. Specifically, per-
formance in the cognitive flexibility task (TMTB) was worse 
in these patients than in to younger patients. Moreover, con-
structive abilities require visuospatial planning. Therefore, 
worse performances of patients ≥ 65 years old in this task 

Table 5 Results of linear models predicting pre-operative neuropsychological scores. The values of the coefficients (cI: intercept, cL: tumor later-
alization, cM: overall mass effect, cA: age) and the respective P values (pI, pL, pM, and pA) are shown. Column R2 reports the coefficient of determina-

tion. Note that negative values for lateralization indicate low scores in patients with left-lateralized tumor

Test cI pI cL pL cM pM cA pA R2

Language

LCNT 81.05 <.001 -9.35 .011 -0.05 .111 – – 0.44

VSF 44.9 <.001 -7.41 .115 -0.09 .012 – – 0.30

VPF 34.67 <.001 -8.34 .010 -0.09 <.001 – – 0.48

NN 10.1 <.001 – – -0.01 .047 – – 0.13

VCW 30.88 <.001 – – -0.04 .001 -0.15 .003 0.69

ACW 25.95 <.001 – – -0.02 .015 -0.09 .010 0.55

Memory

15RWL-Rec* -7.99 .219 – – 0.05 .014 – – 0.17

15RWL-IR 50.4 <.001 -10.57 .003 -0.12 <.001 – – 0.59

15RWL-DR 8.01 <.01 -2.66 .007 -0.02 .041 – – 0.36

15RWL-Acc 108.27 <.001 -15.03 .078 -0.16 .014 – – 0.31

CS 4.26 <.001 – – -0.01 .021 – – 0.18

Attention

TMTB-A* -193.1 .025 – – 0.90 .001 4.38 .001 0.45

TMTB* -169.9 .072 – – 1.02 .001 4.37 .003 0.43

TMTA* -120.4 .010 – – 0.42 .005 2.19 .002 0.40

AM 60.40 <.001 – – -0.09 .007 -0.31 .038 0.30

Praxis

ROCF-C 55.57 <.001 – – -0.07 .003 -0.38 <.001 0.46

ACW = auditory comprehension of words; AM = attentional matrices, visual selective attention; CS = Corsi-span, short term visuospatial memory; 
LCNT = naming of nouns (Laiacona-Capitani); NN = naming of nouns; ROCF-C = Rey–Osterrieth complex figure copy; TMTA = trail making test, visuos-
patial attention; TMTB = trail making test, cognitive flexibility; TMTB-A = trail making test, executive function; VCW = visual comprehension of words; 
VPF = verbal fluency on phonemic cue; VSF = verbal fluency on semantic cue; 15RWL-Acc = 15 Rey’s word list: accuracy in recognition; 15RWL-DR = 
15 Rey’s word list: delayed recall; 15RWL-IR = 5 Rey’s word list: immediate recall;15RWL-Rec = 15 Rey’s word list: recognition memory.
* Note that larger scores in these tasks indicate worse performances (see Table 2).
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can be induced by worse performances in visuospatial 
(TMTA) and selective attention (AM).

We demonstrated that age might affect recovery 
at early follow-up. These results can be explained by 
considering that an improvement in visuospatial and 
selective attention might result in better performances 
in those tasks requiring the availability of high cogni-
tive demand, such as comprehension and constructive 
abilities tasks.

Another striking pattern is the general worsening 
observed at the early follow-up assessment of patients ≥ 
65 years old. It could be related to less-effective short-term 
mechanisms of brain plasticity in these patients or it could 
be also due to different effects of surgery, anesthesia, 
and/or postoperative pain treatment, which are less toler-
ated by the elderly and may complicate immediate recov-
ery.15,21 However, at the late follow-up patients recovered 
to preoperative levels, suggesting that age alone should 
not be considered as an absolute exclusion criterion.

Conclusions

We demonstrated that longitudinal neuropsychological 
performances of patients affected by high-grade glioma 
depend, among other factors, on the complex interplay of 
tumor volume, volume of surrounding edema, tumor local-
ization, and patient age.

Our analysis demonstrated that postoperative cognitive 
performances can be predicted, at least to some extent, by 
combining information on tumor lateralization, age and 
overall mass effect; recovery at late follow-up is associated 
with patient age and decrease of overall mass effect; and 
the final outcome does not depend on the dominance of 
the affected hemisphere.

Our results provide simple models for predicting the pre-
operative and postoperative cognitive outcome in several 
functional domains, giving new insights into the main deter-
minants of surgical recovery before adjuvant treatments.

Table 6 Spearman rank correlation of adjusted scores variation (Sl-Sp) with decrease of overall mass effect (Mp-Fe) (column ρMp-Fe), random 
variable (Mp-Fl) (column ρMp-Fl) and tumor volume (column ρT1). Columns PMp-Fe, PMp-Fl and PT1 show the respective P values. Results of linear models 
estimating adjusted scores variation (Sl-Sp) are also shown. The values of the coefficients (cI: intercept, cL: tumor lateralization, cMp-Fe: decrease of 
overall mass effect, cA: age) and the respective P values (pI, pL, pMp-Fe, and pA) are shown. Column R2 reports the coefficient of determination. Note 

that negative values for lateralization indicate low scores in patients with left-lateralized tumor

Test ρMp-Fe PMp-Fe ρMp-Fl
# PMp-Fl

# ρT1 PT1 cI pI cL pL cMp-Fe pMp-Fe cA pA R2

Language

LCNT 0.76 <.001 0.77 .005 – – -0.52 .745 – – 0.06 .015 – – 0.29

VSF 0.39 .031 0.63 .017 – – – – – – – – – – –

VPF – – 0.52 .045 0.37 .04 – – – – – – – – –

ReaW 0.37 .041 – – – – – – – – – – – – –

VCW – – – – – – -12.59 .014 – – 0.07 .007 0.16 .022 0.52

ACW 0.57 .032 – – 0.36 .047 -8.10 .019 – – 0.03 .062 0.12 .014 0.45

Memory

CS 0.34 .044 – – – – – – – – – – – – –

15RWL- 
Rec*

– – – – – – -13.53 .082 – – – – 0.26 .040 0.14

15RWL-IR 0.53 .003 0.62 .017 – – -7.33 .037 – – 0.14 .007 – – 0.25

ROCF-DC 0.44 .014 – – – – – – – – – – – – –

Attention

TMTB-A* -0.52 .003 -0.58 .028 -0.37 .046 115.30 .006 – – -1.63 .005 – – 0.24

TMTB* -0.52 .003 -0.62 .018 -0.38 .038 113.70 .015 – – -1.60 .014 – – 0.20

TMTA* – – – – – – 143.02 .035 – – -0.75 .015 -1.89 .06 0.24

AM – – – – – – -21.51 .111 -16.64 .008 0.18 .007 0.44 .040 0.34

Praxis

ROCF-C 0.39 .033 – – 0.37 .043 -20.53 .015 – – 0.11 .005 0.29 .020 0.32

ACW = auditory comprehension of words; AM = attentional matrices, visual selective attention; CS = Corsi-span, short term visuospatial memory; 
LCNT = naming of nouns (Laiacona-Capitani); ReaW = reading of words; ROCF-DC = Rey -Osterrieth complex figure delayed copy; ROCF-C = Rey 
-Osterrieth complex figure copy; TMTA = trail making test, visuospatial attention; TMTB = trail making test, cognitive flexibility; TMTB-A = trail mak-
ing test, executive function; VCW = visual comprehension of words; VSF = verbal fluency on semantic cue; VPF = verbal fluency on phonemic cue; 
15RWL-IR = 15 Rey’s word list: immediate recall; 15RWL-Rec = 15 Rey’s word list: recognition memory.
* Note that larger scores in these tasks indicate worse performances (see Table 2). 
# Data available for 16 out of 30 patients.
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