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ABSTRACT 
Introduction. Despite the technological development lesion located in or near 

language area still represent a challenge for every neurosurgeon. Awake craniotomy 

and intraoperative neurophysiological monitoring come to our help. Different 

techniques variation exists among specialized centres. We present our experience 

and the set up for this procedure.  

Materials and methods. We conducted a retrospective analysis of collected data 

from 10 patients with brain tumours located in or near language area to which we 

performed awake craniotomy and intraoperative neurophysiological monitoring. 

They were admitted in Third Department of Neurosurgery,” Prof. Dr. N. Oblu” 

Emergency Clinical Hospital, Yassi, Romania, between January 2014 and July 2018. 

Results. Presenting symptoms had a duration more than a month in 60 % of patients. 

In 80% of them were represented by epileptic seizures and the rest of 20 % had 

transient aphasia elements. The median age of presentation was 28 years old with a 

male dominance. The histological reports indicated: fibrillary astrocytoma – 40%, 

anaplastic astrocytoma – 30%, oligodendroglioma – 20% and metastases – 10%. 

Gross total resection was performed in half of the cases and subtotal in just one case, 

in which the spontaneous speech and object naming showed repeated impairment 

in time of tumour debulking. The surgical intervention was well tolerated by all the 

patients. The intensity of cortical stimulation used was between 4 – 10 mA. 

Postoperatively two patients had neurological aggravation, with full recovery at 3 

months follow up period, two were stationary and six had symptoms remission. 

Conclusion. A young age of presentation, a paucity of symptoms, the chance for an 

increase in overall survival and progression free survival impose the need for direct  
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communication and feedback with the patient in time of tumour resection. Thus, 

awake craniotomy and intraoperative neurophysiological monitoring is the golden 

standard for selected cases of language area tumours.  

 

INTRODUCTION 

The role of surgery in the management of brain 

tumors is nowadays more and more prominent. This 

results from the fact that the extent of resection, e.g. 

in glioma cases is linked to increased survival rate 

and progression free survival [30]. The most 

challenging cases of them all are those located in and 

near eloquent areas, because of the high risk of 

producing new neurological deficit or worsen the 

previous ones, after surgery. For this reason, 

traditionally, the approach of those lesion was less 

invasive and with great caution [2, 11, 25].  

To obtain the goal of a higher degree of resection 

with minimal neurological impairment, in language 

area surgery it is used the technique of awake 

craniotomy (AC) and intraoperative 

neurophysiological monitoring (IOM) [7, 17]. This is 

helpful especially for those with preserved speech 

function like for example those manifested through 

epileptic seizures. For a proper selection of the cases, 

suitable for this technique, preoperative 

neurocognitive assessment is crucial and special 

battery of tests must be applied. [5, 15]. 

Despite the fact that the principals of those 

intraoperative techniques are the same worldwide 

there are some difference in implementing them. In 

this study we present our experience and method 

from surgical, anesthetic, neurocognitive and 

intraoperative brain mapping point of view.  

 

MATERIALS AND METHODS 

We conducted a retrospective analysis of collected 

data from 10 patients with brain tumors who 

underwent awake craniotomy and were admitted in 

the Third Department of Neurosurgery,” Prof. Dr. N. 

Oblu” Emergency Clinical Hospital, Yassi, Romania, 

between January 2014 and July 2018. Inclusion 

criteria were: (1) patients diagnosed by contrast 

enhancement MRI with tumors located in or near 

language areas, (2) age > 18 years old, (3) preserved 

preoperative language function or slightly affected, 

(4) presented at 1 and respectively 6 months 

postoperative evaluation. 

Every patient proposed for this surgical 

technique, from the neurosurgical point of view was 

evaluated by the psychologist and the 

anesthesiologist to confirm that it’s completely 

eligible. Before the intervention they were prepared 

for 3 days, repeating and working with the 

psychologist on the items used intraoperatively. The 

initial assessment consisted in a battery of tests with 

an accent on reviling even the slit language 

dysfunction (spontaneous and automatic speech, 

word repetition, objects/images/forms naming and 

reading special texts from speech exercises). Other 

function tested include: executive function, praxis, 

memory, calculus and the writing.  

The neuroanesthesia consisted in asleep-awake-

asleep variant. After the induction step, the patient 

was positioned in a manner that allowed an easy 

access to the airway, comfortable for him and for the 

surgeon and also permitted communication with the 

psychologist. After the patient’s head fixation, the 

skin incision was infiltrate with a mixt of lindocaine 

and epinephrine. When the craniotomy was finished 

and we started to open the dura mater the 

procedure of awakening the patient begun and 

throughout the tumor resection it was used total 

intravenous anesthesia (TIVA, Propofol -50 – 150 µg 

/kgc/min, the opioid used was Fentanyl 0, 5 - 

1µg/kgc/h).  

The neurocognitive intraoperative assessment 

was made by the same psychologist who evaluated 

the language function, testing patient’s spontaneous 

speech, counting, object / images naming and 

depending on the case, limb muscle strength.  

In all cases we performed direct cortical and 

subcortical brain stimulation with a bipolar probe 

(ball tips ends 5 mm apart, NimEclipse system, 

Medtronic) and we chose the high frequency 

technique. The start stimulation intensity was 

increased gradually with 0,5mA. We preferred to 

stimulate all the expose brain with the same intensity 

and after that to rise it. A site was considered positive 

if 2 of 3 stimulation lead to language tests 

dysfunction. The stimulation was repeated in time of 

resection, the subcortical pathways were tested 

more often at the end of debulking. The 

quantification of resection was made using 

intraoperative echography (Esaote system). 

 

RESULTS  

At the beginning of our study we identified a total of 

58 cases of tumors located in or near language area, 
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but only 10 of them have met all the criteria, the vast 

majority had important speech dysfunction (45 cases 

with motor or sensitive aphasia, in 2 cases we 

performed only biopsy and one patient was under 18 

years old). The gander ratio showed male 

dominance; the median age distribution of the group 

was 28 years old. The clinical manifestation was 

represented by transient language disturbance with 

aphasia elements (2 patients) and epileptic seizures 

(8 patients). The symptoms duration was more than 

a month in 60% of cases. Other patient’s 

characteristic are presented in Table 1.  

 

 

No. Age Gender Location Histology Degree of 

resection 

Postop 

evolution 

6mo 

Postop MRI 

+ C 

RCTX 

1. 66 F Left T MTS Total Fav no c.e. + 

2. 46 M Left T ODG III NTR Fav no c.e. + 

3. 37 F Left T FA STR Stat stat - 

4. 27 M Left T 

 

AA GTR Stat no c.e. + 

5. 37 M Left F FA NTR Fav  stat,no rec - 

6. 38 M Left T ODG III NTR Fav p.c.e. + 

7. 20 M Left F AA GTR Agg p.c.e. + 

8. 22 F Left T AA NTR Fav p.c.e. + 

9. 28 M Right T FA GTR Agg no rec. - 

10. 28 M Left F FA  GTR Fav no rec - 
 

 

TABLE 1. Some characteristic of patients from the study: F- female, M-male, T-temporal lobe near/in Wernicke area, F-frontal lobe 

near/in Broca area, MTS- metastasis, ODG-oligodendroglioma, FA- fibrillary astrocytoma, AA- anaplastic astrocytoma, fav- favorable, 

stat- stationary, agg- aggravation , no c.e. – no contrast enhancement, p.c.e- peripheral contrast enhancement, no rec- no 

recurrence. RCTX- radio-chemotherapy. 

 

 

 

a.  b.  
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c.  d.  

FIGURE 1. a. anesthesia and patient’s positioning; b. awake stage, psychologist showing images/cards for naming test; c. brain 

mapping - direct cortical stimulation with bipolar probe, choosing the site for cerebrotomy; d. deep tumor resection and 

subcortical stimulation of white matter tracts, no motor respons (upper left) on electomyographic registration of abductor policis 

and tibialis anterior muscle (NimEclipse, Medtronic).  

 

All patient tolerated well the surgery. The 

stimulation intensity used was between 4-10mA. In 

one case, in time of tumor resection we registered 

language dysfunction with tests performance 

decreasing. No intraoperative seizures were found. 

The interval from starting the process of awakening 

and proper communication was between 20 and 40 

minutes. In Figure 1 are presented the intraoperative 

steps of the intervention, from anesthesia to cortical 

mapping and tumor debulking.  

In two cases we registered postoperative 

neurologic aggravation as follow: one patient had 

transient sensitive aphasia elements which remitted 

completely until discharge, under anti-edematous 

drugs administration and another case manifested 

with motor aphasia which needed logopedic 

therapy. At 6 moths’ evaluation the resolution of 

symptoms was completed.  

All patients were monitored al list one year 

postoperatively (clinical and imagistic). Two of our 

cases first enrolled in the study presented neurologic 

deterioration associated with imagistic sign of 

recurrence and needed reoperation, at 4 and 

respectively 5 years after the first intervention. The 

histological reports reveal tumor progression from 

anaplastic astrocytoma to glioblastoma. Recurrence 

with no surgical solution was found in one case of 

grade III ODG, at three and a half years evaluation.  

 

DISCUSSION 

Maximizing the extent of resection and minimizing 

the postoperative neurological and neurocognitive 

disturbance becomes nowadays mandatory in the 

surgical treatment of brain tumors [6, 27]. Due to 

oncological impact on overall survival and 

progression free survival in low-grade glioma (LGG) 

cases some suggested an early surgical approach or 

resection when those lesions are discovered 

incidentally [21]. To support this statement Duffau 

presented the idea of supratotal cytoreduction in 

diffuse gliomas. Even though the study included only 

15 patient and the follow up period was short it was 

registered a reduction in the malignant 

transformation rate compared with the group of only 

complete resection [40]. Another proposal from 

Kamp et al. consisted in the supramarginal resection 

of metastases. The cases in which it was practiced 

this technique had a one-year local recurrence rate 

of 29,1% compared with 58,6% for those with only 

gross total resection [22].  

Although there are some controversies about the 

modern treatment of high-grade-glioma (HGG) 

cytoreductive surgery still represents a key element 

in their management [1, 3, 16]. This is shown by 

Lacroix et al. how observed on a study of 416 

glioblastoma (GB) that the reduction of tumor 

volume more than 98% is associated with a 

significant survival advantage [24]. Other study on 

500 glioblastomas from 2011 published Sanai et al. 

noticed a significant increase in survival rate (p<0, 

0001) even when the degree of resection was 78% 

[32]. 

It’s well known that oligodendroglial tumors have 

an increase sensitivity to chemotherapy and there is 
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a development of the oncological treatment with 

introduction of radiotherapy and immunotherapy in 

their protocols, however the first step in the 

management of those lesion is still represented by 

surgical resection. Studies shows that more than 

90% of tumor volume reduction is associated with 

increase in the overall survival and progression free 

survival. Having a relatively good prognostic, the 

quality of life and the neurological status must be 

one of the neurosurgeon priorities [35, 38, 39].  

To achieve such a goal, we need improvement 

and development of techniques designed to help use 

us in evaluating and detecting in real time the 

functional brain tissue and to set the relationship 

with the lesion. Another reason to implement those 

methods lays in the fact that brain tumors with a high 

incidence are usually located in or near eloquent 

areas. One example is represented by LGGs which 

are usually found in those locations, because of 

chemoarchitectonic and cytoarchitectonic 

similarities [13, 28]. The third most common gliomas 

– oligodendroglioma are located with predilection in 

those regions as well (frontal lobe 50-65%, temporal 

lobe 45%, parietal lobe 7-20%) [35]. Although our 

number of patients is small, there is a dominance 

from the histological point of view of LGGs (i.e., 

fibrillary astrocytoma, 40%) followed by high-grade-

glioma (HGG i.e. anaplastic astrocytoma, 30%) and 

oligodendroglioma (20%), matching the literature 

data.  

There is a shift from imagine - guided surgery 

(intraoperative functional MRI and neuronavigation) 

towards functional - guided interventions (awake 

craniotomy and intraoperative neuropsychological 

monitoring). This is because neuroimaging concept 

is based on reduction only not taking into account 

the functional feedback. Preserving the classical 

anatomical landmarks for eloquent cortex, which 

have a wide variability interindividual is not enough. 

Also, it is hard to differentiate primary critical region 

from secondary or compensatory ones whose 

resection wont produces permanent neurological or 

neurocognitive deficits, thus reducing the degree of 

resection and the chance of prolonged free survival 

[12]. Hence the utility of combining the 

neurocognitive assessment during awake 

craniotomy and the result form direct 

cortical/subcortical mapping (DCM).  

The history and the development of awake 

craniotomy starts in 1886 and was done by Victor 

Horsley, first being used in epileptic surgery. Special 

anesthetic protocol are needed for this type of 

surgery and different variants are available by now. 

The improvement and introduction to asleep-awake-

asleep (AAA) method was performed by Penfield, 

Ingvar and Hall in 1950, later Hansen described and 

used the awake-awake-awake anesthesia. The third 

option is represented by asleep-awake variant [36, 

41]. Our anesthetic team chose and utilized the AAA 

variant.  

Even though the number of patient with lesion 

located near/in language area was initially 58 only 10 

meet all the inclusion criteria. Because of the 

complexity and potential risks of this procedure the 

contraindication must be evaluate wisely. Of the 

relative ones we enumerate: neurological causes: 

aphasia, confusion, agitation and cognitive 

disorders; psychiatric diseases; highly vascular 

tumors; airway problems; history of difficult 

intubation, obstructive sleep apnea; morbid obesity 

[23, 41]. For these reasons in our practice, before 

deciding to perform this procedure, the psychologist 

and the anesthetist evaluate the case too and 

together discuss the eligibility for this type of 

intervention.  

While awake craniotomy provides a close 

communication and an accurate evaluation, there is 

still room for other functional intraoperative tools. In 

a study published in 2010 de Benedictis et al. it is 

shown that the association between awake 

craniotomy and DCM increases the extent of 

resection and secondary the overall survival in 

patients with LGGs. This is achieved by resecting all 

the affected tissue up to critical individual limits with 

no need for safety margin around the eloquent area 

[10, 11]. Kelm et al. evaluated 61 gliomas located in 

language area in which it was performed awake 

craniotomy and observed that GTR was higher in the 

patient operated and with IOM (61, 7% vs. 28, 6%). 

Beside the maintaining the integrity of the eloquent 

cortex, conservation of the subcortical pathways and 

tracts it’s even more important because in this part 

of the brain the potential for neuroplasticity and 

reshaping is much smaller comparing to the cortical 

surface. Damaging the white matter tracts increases 

the risk for permanent neurological deficits. 

Although the preoperative imaging modalities have 

developed and we have many information about de 

language function localization and about the cortical 

and subcortical network involvement in this process, 
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mapping remains an essential step along with awake 

craniotomy in the surgical management of language 

area tumors [7, 18, 20, 23]. 

The advantage of using both methods was 

reflected in the degree of resection of our cases too. 

So, because we had a real time assessment of 

neurologic and neurocognitive performances, we 

could achieve gross total resection in half of the 

patients, with more confidence in the postoperative 

functional and imagistic status. This had a favorable 

impact especially for fibrillary astrocytoma cases 

because: first of all the patients were young (28 yo) 

whose quality of life was an extremely important 

outcome factor and secondly the risk of malignant 

transformation was reduced. Those cases were 

followed up 2 years with no signs of recurrence.  

Still in the light of quality of life preservation and 

because the admission symptoms were epileptic 

seizure in 90% of cases, the maintenance of language 

integrity was essential. Therefore, in one case were 

decided to perform only subtotal resection. It’s about 

a 37 years old female, with the histological report of 

fibrillary astrocytoma, in which we had 

intraoperative language disturbance manifested by 

speech blockage and even sensitive aphasia when 

the tumor margins were stimulated and further 

resect was attempted.  

Until now we talked about the role and 

advantages of an extensive resection, but this dogma 

should not be obtained by sacrificing the functional 

status. In 2015 Duffau published an article where is 

presented the multistage surgical resection. The idea 

is based on the action of neuroplasticity process. A 

functional reorganization and the chance for a new 

intervention without postoperative permanent 

deficits, in individual cases may be obtain. The 

reshaping may be induced by the surgery itself and 

other contributing factor may be represented by the 

rehabilitation therapy and tumor growth [8, 14].  

It’s important to know when is the proper time for 

the patient to stat the testing. Meskelevicius et al. 

published in 2019 a study in which it’s shown the 

strong correlation between the speed of reaction 

and the patient’s age and the fact that the speed of 

reaction it’s at list two times slower than in the 

preoperative period, being the slowest in the first 10-

20 minute after the awaking. Although we had a 

small number of cases none of them failed and we 

could perform the awake surgery in all. Our patients 

started to react better after minimum of 20 minutes 

after awakening. During resection the psychologist 

communicated and evaluated continuously the 

language and motor function. We didn’t find the 

positive cortical sites for language in all the cases. 

One possible reason must be the fact that the size of 

the craniotomy wasn’t very big and so the exposed 

surface of the brain was limited. Another plausible 

reason is represented by the neural reshaping 

induced by the neuroplasticity process and so the 

imagistic landmarks for the eloquent area didn’t 

match with the cortical ones. Some surgeon prefers 

a larger exposer to find the eloquent cortical sites not 

basing on these negative language sites [26, 29].  

The stimulation technique and the value of 

stimulus parameters varies between different 

studies. The discrepancy comes from the fact that 

there are an inter- and intra-individual factor which 

determine this, for instance: tumor histological type 

and symptoms duration [9]. Usually a biphasic 

current it is used, the intensity it’s raised gradually 

with 0,5 or 1 mA at a maximum of 10 mA. To find the 

threshold which generates the response and not to 

generate the after-discharge byproducts it’s a matter 

of perseverance, skill and a challenge [19, 31, 37]. We 

used the same parameters and in situation were no 

response was found we didn’t raise the intensity 

higher than 10 mA, because of the increased risk for 

seizure induction, especially in the patients with 

these symptoms 

In meta-analysis published by Satoer et al in 

which he evaluated the studies about the possibility 

of cognitive preservation in eloquent area glioma 

surgery, in the postoperative period, language 

function was found altered in seven out of nine 

studies. At 3 months follow up period five out of six 

studies have revealed improvement in language 

deficit to a preoperative level [4, 34]. The percentage 

of postoperative deficit reposts varies: Sanai found a 

rate of 14% - new speech deficit, and 8, 4% 

aggravation; Duffau noticed a high degree of 

impairment 33%-100%, but with no severe 

permanent disability [11, 33]. In our cases 

postoperative speech deterioration were observed 

in two patients but full recovery was obtained after 

logopedic therapy. One of them remitted the 

symptoms even before discharge and the other one 

at 6 months evaluation returned to the initial stat.  
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CONCLUSIONS 

There is a diversity of histological types of tumors 

located in eloquent areas of the brain, some of them 

have a relatively slow growth pattern allowing the 

neuroplasticity process to act. For this reason, the 

patients presenting symptoms are just mild 

dysfunction instead of severe problems as in the 

cases of rapid growth rate tumors. With this in mind 

and with the chance for a prolonged overall survival, 

the importance of quality of life impose the necessity 

for a balanced decision between the degree of 

resection and the possibility of new postoperative 

neurologic deficits.  

Despite the obvious development of 

preoperative functional evaluation only a direct 

approach and communication with the patient 

through tumor removal may increase the chances 

for a good postoperative functional status outcome 

and a higher degree of resection. Awake craniotomy 

and intraoperative neurophysiological monitoring 

meet those criteria and are the golden standard for 

selected cases of ‘critical’ language area tumors.  
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