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A B S T R A C T   

Objective: The aim of our study was to evaluate the usefulness of cortical-subcortical intraoperative brain map-
ping (ioBM) in resective awake surgery of low-grade gliomas (LGG) of the right non-dominant hemisphere 
(RndH). It was estimated how ioBM may affect both the extent of resection and postoperative outcome of lan-
guage, spatial cognition, social cognition, and executive functions including attention and working memory. 
Patients and Methods: : Fifteen patients that underwent ioBM in resective awake surgery of LGG located on the 
RndH, were included. A cohort of 15 patients with the same tumour location operated under general anaesthesia 
without brain mapping was used as control. Specific intraoperative tasks for each location were carried out and 
results registered. Neuropsychological assessment was performed preoperatively and at 6 months after surgery. 
Results: In the group of patients operated by using ioBM in awake surgery, an 86.66 % mean of resection was 
obtained compared to 60.33 % in the control group. Speech arrest and incorrect naming responses were elicited 
in higher proportion in frontal and insular locations. Parietal stimulation associated higher number of incorrect 
responses in social cognition task. Parietal and temporal stimulation were more frequently associated with 
incorrect performance of spatial cognition task. Parietal stimulation associated with higher frequency incorrect 
execution of attention and working memory tasks. After comparing clinical and neuropsychological results in 
both cohorts, worst outcome at 6 months was observed in the group of patients operated under general anaes-
thesia without brain mapping, especially in parietal and insular locations. 
Conclusions: Intraoperative identification of language, cognitive functions, and social cognition of RndH by 
means of ioBM, can be of paramount importance in improving the extent of resection of low-grade gliomas and 
positively affects clinical and neuropsychological outcome at six months.   

1. Introduction 

Intraoperative cortical and subcortical brain mapping (ioBM) in 
awake surgery is increasingly used in the surgical management of diffuse 
low-grade gliomas (LGG), mainly in those located in so-called “eloquent 
areas”. This procedure is considered by a growing number of studies as 
an intraoperative gold standard technique for the surgical removal of 
LGG of the left dominant hemisphere [1,2]. Moreover, intraoperative 
language mapping under local anaesthesia has been probed to minimize 

the risk of postoperative language deficit in these patients [1,3]. How-
ever, intraoperative monitoring of higher functions attributed to the 
right non-dominant hemisphere (RndH), including visuospatial cogni-
tion, sociocognitive functions and executive functions have been 
frequently neglected in diffuse LGG surgery. Rationale used to justify the 
lack of intraoperative assessment of those functions on the RndH include 
overall poor benefit-risk analysis (considering the procedure uncom-
fortable and risky), and unavailability of appropriate intraoperative 
neuropsychological tasks to study the above mentioned RndH functions. 
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As a result, systematic monitoring of RndH has not been included in 
brain mapping surgery protocols and therefore, limited experience on 
intraoperative cortico-subcortical stimulation and its influence in 
outcome have been reported. Meanwhile, recent published papers [4–6] 
show a growing interest in ioBM of tumours of the RndH to increase safe 
resection and minimize postoperative deficits. Avoiding related 
morbidity in RndH surgery, significantly improve the quality of life of 
these patients and contribute to their fast reintegration to previous work 
[7]. 

In the present study, we evaluate the usefulness of cortical- 
subcortical ioBM during awake surgery of diffuse LGG of RndH in 
terms of clinical and neuropsychological outcome and its impact in the 
extent of diffuse LGG resection. 

2. Patients and methods 

2.1. Patient selection 

We analysed fifteen consecutive patients with diagnosis of diffuse 
low-grade glioma (WHO grade II astrocytoma) located on the right non- 
dominant hemisphere, that underwent ioBM in asleep-awake-asleep 
surgery. 

A cohort of 15 patients with the same tumour location and the same 
histological diagnosis, operated under general anaesthesia without brain 
mapping, was used as a control. 

All patients underwent preoperative neuropsychological assessment. 
All 15 patients of the observational cohort were operated by the same 

senior neurosurgeon in the period 2014− 18. Written informed consent 
was obtained from each patient. 

2.2. Stimulation 

Intraoperative brain stimulation in the awake phase of surgery was 
performed with bipolar stimulation, frequency of 60 Hz, pulse duration 
1 ms and intensity range from 2 to 4 mA. We used the method developed 
by Ojemann and Mateer [8] including that electrical stimulation was not 
applied to the cortical or subcortical studied area of the brain for more 
than 5 s, it was never consecutively applied twice at the same location, 
and the result of a task in one location was recorded when the same 
result was obtained during three non-consecutive stimulations in that 
location. 

2.3. Intraoperative tasks 

All patients underwent preoperative neuropsychological assessment. 
In the group of patients having ioBM, we recorded the results of the 
planned tasks after stimulation (cortical and subcortical) of the same 
lobe that harboured the tumour. A task was considered as performed 
incorrectly if an error or an absence of response was observed after 
stimulation was applied. The stimulation coordinates were registered on 
original MRI scans via a neuronavigation system. 

Intraoperative tasks [9,10] included: number counting 1–10 to re-
cord areas of speech arrest, D-80 oral picture as naming task, the Pyra-
mid and Palm Trees Test (PPTT) as nonverbal semantic association task, 
a simultaneous task of left arm movement and naming to check multi-
tasking abilities, working memory and attention, a line bisection test to 
check disturbances of spatial cognition, the modified version of the 
“Reading the Mind in the Eyes’’ (RME) test [11,12] to check mentalizing 
(i.e., the sociocognitive function that enables human beings to attribute 
mental states to others) [13], and a famous faces task to check 
face-naming process [9]. 

Spatial cognition was tested with stimulation of supramarginal gyrus 
in parietal lesions. Naming and semantic association were tested with 
stimulation of ventral premotor cortex (articulatory disorders), dorsal 
premotor cortex (anomia) and dorsolateral prefrontal cortex (semantic 
disturbances) in frontal lesions. Naming, mentalizing and semantic 

association were tested in temporal lesions. Naming (to check phonemic 
paraphasia) and mentalizing were tested in parietal lesions. Working 
memory and attention were tested by stimulation of angular gyrus in 
parietal lesions. All the tasks used to test temporal and frontal areas were 
used in insular lesions. Face-naming was tested by stimulation in all 
tumour locations. 

At the subcortical level, the superior longitudinal fascicle (SLF)) was 
stimulated to check spatial cognition, working memory and attention (in 
frontal, temporal and parietal lesions). Arcuate fascicle (in temporal and 
frontal lesions) to register phonological disturbances, and the inferior 
fronto-occipital fascicle (IFOF) in frontal and temporal lesions, to reg-
ister semantic paraphasia. Mentalizing was tested by stimulation of the 
arcuate fascicle (in temporal and frontal lesions) SLF and cingulum (in 
frontal lesions). In frontal and temporal lesions subcortical stimulation 
of IFOF was used to test nonverbal semantics processing. 

2.4. Postoperative follow-up 

Postoperative control 3D MRI was scheduled at 1 month after sur-
gery to calculate percentage of resection. Neuroradiology evaluators 
were blinded to whether electrical stimulation was applied during 
surgery. 

Neuropsychological assessment at 6 months after surgery was per-
formed. A patient was considered to have deficit if a decrease of per-
formance of each task was observed compared to preoperative 
evaluation. 

2.5. Statistical analyses 

To determine the statistical significance of our results we used chi- 
square and Fisher’s exact test for comparing categorical variables and 
unpaired t-test for continuous variables. A level of significance of 
p < 0.05 was considered. 

3. Results 

Our observational cohort consisted of 8 female and 7 male patients 
with a mean age of 53y (SD+- 11.1,range: 29–69 years). The control 
cohort consisted of 9 male and 6 female patients with a mean age of 49y 
(SD+- 8.2, range: 38–66 years). In both the observational and the con-
trol cohorts, tumours were located in 7 cases in the frontal lobe, 2 in the 
temporal lobe, 2 in the parietal lobe and 4 in the insula. New onset 
seizures were the most frequent clinical presentation at diagnosis 
(Table 1). 

3.1. Percentage of resection (Fig. 1) 

In the group of patients operated by using ioBM during awake sur-
gery, 86.66 % (SD +-7.71) of resection was obtained, and gross total 
resection (GTR) or near GTR (resection >90 %) was achieved in 7 out of 
15 patients. On the other hand, 60.33 % (SD +-16.74) of resection, and 
any case of GTR or near GTR was achieved in the control group. We did 
not observe statistically significant difference in the percentage of 
resection between the different tumour location inside each cohort. 
However, when comparing the observational cohort with the control 
cohort, we observed 87 % (SD +-7.5) of resection in frontal tumours 
operated with ioBM in awake patients compared with 72 % (SD +-9.5) 
in frontal tumours operated under general anaesthesia (p = 0.0067), and 
85 % (SD +-7) and 50 % (SD +-0) respectively in parietal tumours 
(p = 0.019). 81 % (SD +-6.2) of resection was obtained in patients with 
insular tumours that underwent awake ioBM compared to 40 % (SD 
+-8.1) of resection in patients with insular tumours in the control group 
(p = 0.0002). Obtained resection in temporal tumours was 95 % (SD 
+-7) in awake procedures and 67 % (SD +-10.6) (p = 0.09) in the con-
trol group (). 

In our series we did not observe a statistically significative 
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correlation between percentage of resection ant the number of tasks 
incorrectly performed after ioBM (Fig. 2). 

3.2. Tasks and locations (Figs. 3,4) 

In frontal and insular locations speech arrest response was signi-
ficatively elicited in higher proportion (p = 0.018). Parietal location was 
significantly associated with higher number of incorrect responses to 
facial emotion recognition task (p = 0.04) Parietal and temporal loca-
tions were more frequently associated with intraoperative incorrect 
performance of bisection line task (p = 0.018). Parietal locations were 
associated with higher number of incorrect responses to working 
memory task (p = 0.018) (). 

Intraoperative stimulation of temporal and parietal areas was asso-
ciated with a higher proportion of incorrectly performed tasks (mean of 
2) compared with frontal stimulation (mean of 0.85, p = 0.06). 

Speech arrest was observed in 11 out of 15 patients, being the most 
frequently observed finding after stimulation (p = 0.024). On the other 
hand, incorrect performance of PPTT semantic task, line bisection task 
and working memory tasks during stimulation were only registered in 4 
patients, which represent the less observed events during ioBM. 

As we said, four patients did not present speech arrest after stimu-
lation, however, in all four patients a mean of 2 incorrect responses to 
other tasks were observed whereas in the group of 11 patients in which 
speech arrest was observed, a mean of 1.09 incorrect tasks was obtained. 
This represents that in practically all patients showing speech arrest, this 
was the only finding during stimulation. 

D80 naming task was recorded as incorrect mainly in frontal (2 out of 
7 patients) and insular locations (3 out of 4 patients), while incorrect 
PPTT was observed in 2 frontal and 1 insular tumour. 

3.3. Outcome 

Neuropsychological assessment at 6 months showed that in the 
observational group, only one patient worsened compared to preoper-
ative baseline, this patient suffered a decrease in the performance of 
naming task and semantic task. In the control group, 6 patients pre-
sented decreased performance at 6 months in at least one task: 3 cases in 
naming task and semantic task, 2 cases in working memory and atten-
tion, and 1 patient in mentalizing task. 

Comparing both studied cohorts according to tumour location, we 
observed an increased rate of postoperative neuropsychological deficit 
at 6 months in the group of parietal tumours (2 patients) and insular 
tumours (3 patients), operated without awake brain mapping (Chi 
square p = 0.008) 

In the observational group, postoperative neuropsychological deficit 

Table 1 
Patients demographic and clinical data in both the observational and the control 
cohorts.  

Case Gender Age Awake surgery Location Clinical 
presentation 

1 male 42 awake surgery FRONTAL seizures 
2 female 56 awake surgery FRONTAL headache 
3 female 47 awake surgery TEMPORAL seizures 
4 male 55 awake surgery PARIETAL headache 
5 male 69 awake surgery FRONTAL seizures 
6 male 67 awake surgery FRONTAL focal deficit 
7 male 58 awake surgery INSULAR seizures 
8 female 42 awake surgery FRONTAL headache 
9 male 44 awake surgery TEMPORAL headache 
10 male 46 awake surgery PARIETAL seizures 
11 female 29 awake surgery FRONTAL seizures 
12 female 66 awake surgery INSULAR seizures 
13 female 57 awake surgery FRONTAL  
14 female 61 awake surgery INSULAR seizures 
15 female 55 awake surgery INSULAR headache 
16 male 48 non awake 

surgery 
FRONTAL focal deficit 

17 male 66 non awake 
surgery 

FRONTAL seizures 

18 male 58 non awake 
surgery 

TEMPORAL focal deficit 

19 female 41 non awake 
surgery 

PARIETAL seizures 

20 male 44 non awake 
surgery 

FRONTAL headache 

21 male 45 non awake 
surgery 

FRONTAL headache 

22 female 57 non awake 
surgery 

INSULAR seizures 

23 male 38 non awake 
surgery 

FRONTAL seizures 

24 male 53 non awake 
surgery 

TEMPORAL seizures 

25 female 42 non awake 
surgery 

PARIETAL headache 

26 female 43 non awake 
surgery 

FRONTAL headache 

27 female 44 non awake 
surgery 

INSULAR focal deficit 

28 female 52 non awake 
surgery 

FRONTAL headache 

29 female 62 non awake 
surgery 

INSULAR headache 

30 male 49 non awake 
surgery 

INSULAR seizures  

Fig. 1. Percentage of resection (mean+-SD) calculated by cerebral lobe loca-
tion in patients with ioBM in awake surgery (black) and in patients under 
general anaesthesia (grey). We observed statistically significant difference in 
the percentage of resection between the observational cohort with the control 
cohort, in frontal, parietal and insular locations. (Unpaired t-test with a level of 
significance of p < 0.05). 

Fig. 2. Percentage of resection (mean+-SD) calculated by the number of tasks 
incorrectly performed after ioBM in awake surgery patients. No statistically 
significant difference was observed. 
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at 6 months had no correlation with the results of intraoperative tasks 
except for semantic task. In all cases where semantic task was registered 
intraoperatively as correct (14 out of 15 in our series), patients were free 
of neuropsychological deficit at six months, which represents a positive 
predictive value of 85 % (p = 0.0384). 

4. Discussion 

Low grade gliomas can be considered pre-malignant tumours that 
evolve with time to more aggressive lesions such as anaplastic glioma or 
glioblastoma [10,14]. Therefore, an aggressive surgical approach of LGG 
should be always taken into consideration, provided that maximal LGG 
significantly increase overall survival [15,16]. However, maximal 
resection requires safe procedures to avoid unaffordable postoperative 
morbidity. Accordingly, LGG extent of resection around 90 % with 
minimal permanent neurological deficits, has been reported after ioBM 
in awake surgery, mainly in left dominant hemisphere lesions [7, 
17–19]. 

Our study suggests that intraoperative knowledge of cortico- 
subcortical functionality, also increases the percentage of resection of 

LGG in RndH as has been demonstrated in left dominant hemisphere 
lesions. In our series, the percentage of resection was clearly superior in 
the observational group than in the control group (operated without 
ioBM). In our experience, brain stimulation in the awake patient helps 
the neurosurgeon to take intraoperative decisions about when to stop 
resection or go further until obtain a resection with functional bound-
aries [4,14,20]. 

Location of brain tumour in a so-called non-eloquent area, has usu-
ally been a criterion to dismiss surgery with ioBM in awake patients, 
therefore, ioBM in RndH tumours has been rarely performed. However, 
it exists evidence that postoperative neuropsychological assessment of 
gliomas located in so-called non-eloquent areas frequently shows 
disabling cognitive and emotional disorders [19,21–24]. Furthermore 
and most importantly, not only preoperative neuropsychological 
assessment, but intraoperative tasks as the line bisection task [25,26], 
the semantic association task [5,25,27,28], the famous faces task [9] or 
mentalizing tasks as RME have been proved to be useful in ioBM as in-
dicator of subjacent high cognitive and emotional functions [6]. 

Along these lines, our study reflects that cortical and subcortical 
stimulation during surgery of RndH LGG elicits a broad spectrum of 

Fig. 3. A. Surgical field in a patient with a low- 
grade glioma of the right insula, after per-
forming ioBM. Speech arrest area (label 1). 
Motor strip (label 3 and 4). Incorrect RME test 
(label 2). Incorrect famous faces task (label 10). 
Semantic disturbances (label 6,8 and 9) Incor-
rect working memory (label 5, 7 and 44). B. 
Surgical field during subcortical stimulation 
and resection. Inferior fronto-occipital fascicle 
(IFOF) was identified to register semantic par-
aphasia. C. Preoperative axial T2-weighted MRI 
with a right insular low-grade glioma. D. Post-
operative axial T2-weighted MRI, showing a 10 
% residual tumour at the posterior area of 
resection related to semantic paraphasia.   

Fig. 4. Cortical and subcortical mapping data of response errors to intraoperative tasks observed after ioBM of 15 patients with right non-dominant hemisphere LGG.  
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functions, challenging settled assumptions that questioned the useful-
ness of ioBM in RndH lesions. Moreover, our findings suggest that 
considering RndH a non-eloquent uniform structure neglects the func-
tional variability of this hemisphere, and that by mean of specific 
intraoperative tasks it is possible to accurately check specific functions, 
some of them unexpected, in different locations of RndH. For example, 
and interestingly, speech arrest during stimulation was observed in most 
of our patients (11 out of 15), all in frontal or insular locations. This 
finding has been reported elsewhere to occur after stimulation in RndH 
in left-handers, ambidextrous patients, and in right-handers with lan-
guage disturbances during seizures [4]. However, in our experience 
obtaining a speech arrest response after stimulation of RndH frontal and 
insular locations, seems to be the rule rather than the exception. 
Nevertheless, we did not observe the same finding when using other 
intraoperative tasks of the linguistic domain such as naming and se-
mantic tasks. I any case, it has been reported that mapping nonverbal 
functions is of paramount importance in RndH lesions because it may 
help to prevent affection of high-level functions of cognition in certain 
patients [4,29]. 

Our study suggests that could exist a pattern in the topographical 
distribution of functions elicited in the RndH during ioBM. For instance, 
and with respect to parietal tumours, stimulation of parietal lobe 
offered, in our experience, a wide range of findings including errors in 
working memory and attention, spatial cognition and mentalizing. This 
rich semiology of parietal lobe of RndH is consistent with other more in- 
depth works, that report that preservation of right angular gyrus and SLF 
is crucial in preservation of this high-order cognitive functions [4,19]. In 
our experience, right temporal lobe stimulation did not associate 
frequent semiology, although RndH cortico-subcortical temporal stim-
ulation has been reported to be linked to disturbances of nonverbal se-
mantic processing mainly through superior temporal gyrus [4,30]. 

Regarding outcome, most of patients in both groups presented with 
subtle or any neurological symptomatology at diagnosis, being new 
onset seizures the most frequent symptom [10]. In our study, all patients 
had neuropsychological assessment preoperatively based on intra-
operative tasks and their performance was established as baseline to 
compare outcome at 6 months. Nevertheless, we did not address the 
issue of extensively analyse preoperative neuropsychological distur-
bances due to LGG. However, in the revised literature it is reported that 
preoperative neuropsychological evaluation shows that most patients 
with LGG are not asymptomatic [17] and moreover, almost two thirds of 
the patients had mild impairment of cognitive functioning before sur-
gery. This findings also raise the issue of the appropriate tests and timing 
to establish a preoperative neuropsychological baseline. Besides, 
although cognitive functions have been poorly studied in the field of 
neuro-oncology, it is well known that brain tumour patients usually 
suffer postoperative cognitive disorders when some functions, including 
visuospatial cognition and executive functions, are not tested intra-
operatively [19,21,24]. 

In previous studies on ioBM in awake surgery patients harbouring a 
brain tumour, it has been reported a decline of neurological functions 
immediately after surgery, with a sustained improvement between 3–6 
months postoperatively [10,31]. This recovery, mostly observed in 
damaged language functions, has been linked to mechanisms of brain 
plasticity [32] that could also play an important role in the improvement 
of cognitive functions disturbed after surgery of RndH-located lesions 
[24,33]. In our study, we observed that trend in the observational group, 
but in the control cohort an increased rate of deficit at 6 months, 
particularly in parietal and insular tumours, was identified. It is note-
worthy in our series that intraoperative correct performance at 
nonverbal semantic task has predictive value of good neuropsycholog-
ical outcome. This finding could be related to wide cortico-subcortical 
representation of this function [14] and to disproportion of dorsolat-
eral prefrontal cortex tumours in our series. 

Although the aim of our study was to evaluate the usefulness of 
cortical-subcortical ioBM during awake surgery, other non-invasive 

techniques are available to preoperatively assess location of language 
and non-language functions in LGG patients, including functional MRI 
(fMRI), transcranial magnetic stimulation (TMS) and magnetoenceph-
alography (MEG). However, in our opinion, all these non-invasive op-
tions present limitations compared to ioBM. Preoperative fMRI provides 
a localization of eloquent functional cortex and its relationship with the 
tumoral lesion [34,35] but lacks the necessary sensitivity and specificity 
when used intraoperatively [36]. TMS is a reliable and clinically vali-
dated tool to identify functional areas belonging to the motor system, 
but its application in presurgical language mapping is still quite limited 
[37]. Finally, preoperative mapping of language and motor areas is 
feasible by using MEG [38], however, its use in presurgical setting is still 
limited and MEG systems are scarce, and indeed expensive. 

4.1. Limitations of the study 

One of the main limitations of our study is the small number of cases 
included in both groups that makes difficult to identify significant re-
lationships from the data. Although both groups are similar in terms of 
tumour location, age and histological diagnosis, our research design 
may have included selection bias and bias due to uncontrolled variables 
including tumour volume, time of tumour evolution. With the purpose of 
obtaining meaningful results, we have included functionally different 
cortico-subcortical areas into larger anatomic structures, classifying our 
findings in four main locations (frontal, temporal, parietal and insular). 
This terminological simplification may lead us to imprecise conclusions 
regarding the effect of intraoperative stimulation on specific locations. 
The potential lack of accuracy of coordinates registration via a neuro-
navigation system may lead to substantial uncertainties in the results. 
Due to the characteristic displacement in brain structures originated by 
slow-growing lesions like LGG, and the well-known problem of intra-
operative brain shift, the use of neuronavigation may carry out some 
inaccuracies in establishing functional locations intraoperatively. 
Finally, another limitation involves the definition of neuropsychological 
outcome. In our study, we consider a patient to have a deficit at 6 
months if neuropsychological assessment worsened compared to pre-
operative baseline, whereas other authors advocate to define deficit 
more precisely (for example as a score decrease of 1,5 SD or more at 
1 year after surgery) [39] in order to obtain reliable and comparable 
results. 

Therefore, taken together our results and the mentioned limitations, 
the present study should be interpreted with full consideration of the 
exploratory nature of the analyses, and thus should be validated with 
confirmatory analysis within other prospective large databases. 

5. Conclusions 

Our study suggests that awake surgery with ioBM in RndH low grade 
gliomas should be considered as a useful tool to increase extent of 
resection especially in frontal, parietal and insular lesions. ioBM may 
improve outcome at 6 months in language, cognitive functions, and 
social cognition in awake surgery mainly in parietal and insular RndH 
low-grade gliomas. 
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