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Abstract
Gliomas are one of the most common types of primary brain tumors. Neurosurgical approaches are 
usually the first step in treating most types of gliomas as complete resection of high- or low-grade 
gliomas is of paramount importance for improving patient’s survival. Gliomas may be also located 
in eloquent language areas of the brain and aggressive resection in the Broca’s area or in adjacent 
cortex involved in language processing may increase the occurrence of neurosurgical complications. 
As a consequence, in order to avoid damage to these areas, resections are commonly performed 
through direct cortical stimulation and functional monitoring during awake craniotomy. This paper 
is aimed to present a multidisciplinary approach for excision in awake surgery of lesions located 
within or near eloquent language areas, underlying the features of the anesthetic management and 
the pivotal role of the psychological interventions during the whole perioperative course. 
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Introduction
The term awake craniotomy (AC) refers to a neurosurgical approach performed with the 

patient awake during the procedure. Historically, procedures of AC have been developed since the 
nineteenth century for removal epileptic foci under local anesthesia [1]. More recently, however, 
thanks to the improvement of monitoring methods and the availability of new anesthetic agents [2], 
indications of this operative modality have been extended to the execution of stereotactic biopsies, 
treatment of vascular lesions [3], resection of tumor lesions interesting the areas of language [4], and 
excision of supratentorial lesions located in different cortical areas [5]. 

Gliomas, including astrocytomas, ependymomas, and oligodendrogliomas are one of the most 
common types of primary brain tumors accounting for approximately 40% of all intracranial tumors 
[6]. Surgical resection of gliomas in the Broca’s area, or in adjacent cortex involved in language 
processing such as the third part of the inferior frontal gyrus [7], is one of the main indications to 
the AC [8]. Complete resection of high- or low-grade gliomas, indeed, is of paramount importance 
for improving patient’s survival. On the other hand, aggressive resection near eloquent language 
areas may increase the occurrence of neurosurgical complications. The neurosurgical interventions 
performed for this purpose provide, in the intraoperative phase, the carrying out of the functional 
mapping of the language domains (intraoperative speech mapping, SM), which can be performed 
with direct electrical cortical stimulation combined with the administration of test for language 
assessment, while the patient is fully awake and collaborating. Several clinical investigations 
demonstrated that AC is the optimal way to intraoperatively verify the preservation of language 
function and, in turn, to obtain the better neurosurgical result [9]. 

The anesthetic techniques proposed for AC are the Monitored Anesthesia Care (MAC) in which 
the patient is under sedation during the whole operation [10] or general anaesthesia approaches 
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with intra-operative wake-up. These latter solutions include the 
Asleep-Awake-Asleep (AAA) technique, which involves a general 
anesthesia phase with orotracheal intubation, or laryngeal mask 
(LMA) insertion, followed by an awakening phase and, once the 
mapping is completed, by a conclusive step (i.e., surgical resection) 
performed under general anesthesia [11], and the Asleep-Awake 
(AA) technique which foresees a phase of general anesthesia followed 
by awakening for the mapping after which a subsequent sedation can 
be foreseen for the completion of the intervention [12]. 

In our experience we prefer the AA approach [13]. However, 
for its success a rigid protocol and a multidisciplinary cooperation 
is needed (Figure 1). Thus, several critical issues should be carefully 
addressed (Table 1). 

Perioprative Management
Preoperative assessment

In this phase, a multidisciplinary discussion of the case with 
the involvement of a neurosurgeon, an anesthesiologist and a 
psychologist is mandatory to verify the patient's eligibility. After 
the patient selection, a careful preoperative anesthesia evaluation 
is provided, obtaining risk evaluation and stratification as well as 
informed consent (Table 2).

Within the preoperative assessment, the neuropsychological 
framework is fundamental for: i) evaluating the degree of 
collaboration; ii) evaluating any deficit in word processing; iii) 
presenting the patient the language tests used in the operating room. 
Details of the procedure must be exhaustively explained, underlying 
the possible risks and complications of surgery, the potential cause 
for discomfort (e.g., probability of aphasia during stimulation and 
occurrence of vomiting and nausea) and the need to collaborate as 
well as to maintain immobilization. 

Intraoperative management
The awake craniotomy technique provides general anesthesia and 

the need to obtain a rapid phase of anesthesia emergence [14,15]. The 
anesthetic strategy provides intravenous general anesthesia through 
target-controlled infusion (TCI) of remifentanil and propofol 
followed by the awakening phase. In this scenario it is mandatory 
to refer to a detailed anesthetic protocol, exploiting at best the 
pharmacokinetic/dynamic characteristics of the drugs used and the 
operative modalities of drug delivery systems as well as the modalities 
for monitoring of anesthesia.

After premedication with dexamethasone 8mg ev, ranitidine 
50mg ev, and midazolam 0.03/mg/kg, when not contraindicated 
[16,17] the general anesthesia is performed by TCI Schneider’s 
pharmacokinetic model with propofol (3.0-4.0 mcg/ml, under BIS 
guidance) and remifentanyl (5-15 ng/ml) [18]. The muscle relaxant 
rocuronium bromide (0.5 mg/kg) is used to facilitate laryngeal mask 
airway (LMA) and mechanical ventilation. The choice to curarize the 
patient is relative to the lateral position of the head (turned to the 
right after positioning the headboard) which may induce malposition 
of the LMA during the operation.

Intraoperative monitoring typically includes electrocardiogram, 
invasive blood pressure measurements, pulse oximetry (SpO2), 
respiratory rate, capnography (EtCO2). Again, the transition between 
the two anesthetic phases is guided by monitoring the depth of 
anesthesia with the bispectral index (BIS) and the drug concentrations 
in the biophase. Furthermore, neuromuscular monitoring is used as a 

guide to the administration of muscle relaxants and their antagonists 
(e.g., the cholinesterase inhibitor neostigmine) or reversal agent (i.e., 
sugammadex).

Under general anesthesia, the local anesthesia of the scalp nerves 
is performed before placing the Mayfield head clamp, in order to have 
the maximum patient’s comfort once awakened. This scalp block is 
obtained by levobupivacaine 0.75% (20-30 ml) to anesthetize the 
big and small occipital nerves, the suprabitary, zygomatic-temporal, 
auriculo-temporal nerves, as well as the cutaneous points where the 
piercing cones of the headboard will be allocated.

Awake Craniotomy management: Once the craniotomy has 
been made, the dura mater is irrigated with 0.5% levobupivacaine and 
then opened and, in turn, it is awaited the patient's awakening.

Awakening procedure: The peculiarity of this type of intervention 
is the need of obtaining a rapid and complete recovery from the 
neuromuscular block and an equally rapid and complete recovery 
of the state of consciousness. Once the neuromuscular block has 
been evaluated, rocuronium bromide is reversed by sugammadex 
at a dosage of 2 mg/kg, in case of moderate block (T1-T2 present), 
and 4 mg/kg in the deep block. At the same time, the administration 
of propofol and remifentanil is turned off, and the TCI biophase is 
followed to assess the patient's awakening.

During surgical excision the patient is awake, in spontaneous 
breathing and fully collaborating. Oxygen delivery by nasal cannula 
at 4 lt/min and non-invasive end-tidal carbon dioxide (EtCO2) 
monitoring are foreseen in the protocol. 

Speech Mapping and evaluation of language function: 
Neurosurgeons usually perform these procedures by using 
intraoperative navigation systems which load magnetic resonance 

Figure 1: Algorithm for awake craniotomy. Modified from [13].
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imaging (MRI) and computed tomography (CT) images obtained 
preoperatively to better distinguish between the lesion and normal 
tissues. The technique used for intraoperative functional brain 
mapping is based on electrical stimulation of the brain. The brain 
area covered with electrodes is determined by the neuronavigation 
system. For the electrocorticography high frequency stimuli (e.g., 50–
60 Hz with intensity of stimuli increased up to 15 mA by increments 
of about 1 mA) are applied. This procedure provides two types of 
responses. The ‘positive response’ in which brain function is induced 
by electric stimulation and the ‘negative response’ that is suppressed 
by the stimulation. 

The evaluation of language function is performed by administering 
the patient the exercises already showed in the outpatient setting. 
According to guidelines for AC we use a combination of exercises 
which are able to test number counting (for evaluation of motion), 
visual naming (language expression), and auditory comprehension 
(for investigating perceiving and expression of language) [19]. 
In addition to the administration of the exercises, an overall 
neuropsychological evaluation is performed by the psychologist. 

Management of complications: Epilepsy induced by the 
stimulation is usually focal and of short duration (due to cortical 
stimulation). However, episodes of myoclonic epilepsy may occur. 
These episodes may be treated with midazolam 2-5 mg in repeated 
boluses (may interfere with the mapping) or by cortical irrigation with 

cold solution of lactated Ringer. Dysphoric reactions and irritability 
are managed with the help of the psychologist. Nausea and vomiting 
are usually treated with ondansetron (8 mg e.v.) Severe respiratory 
depression and occurrence of airway obstruction involve quickly 
conversion to general anaesthesia. 

Post-mapping phase: After the mapping, the neurosurgeon 
proceeds to close the craniotomy. Anesthesiological management 
involves conscious sedation (Ramsay score <5) under BIS guidance 
(>70), and EtCO2 monitoring. For the procedural sedation we prefer 
dexmedetomidine (loading dose of 1μg/kg over 10 minutes, and 
then infused in a dose of 0.5–1.0 μg/kg/h) which has sedative and 
anxiolytic properties and is known for its analgesic potential owing 
to a reduction of sympathetic tone. Furthermore, this agent does 
not impair the respiratory drive per se, seldom causes apnea [20], 
and compared to midazolam may provide more comfort during the 
procedure for the patient and clinicians [21]. The neuropsychologist 
remains close to the patient until he/she is again sedated for the 
conclusion of the neurosurgical intervention.

In case of a patient who is not tolerant to surgery and/or due to 
the onset of complications, a new general anesthesia is performed 
(Asleep-Awake-Asleep technique). For the management of potential 
complication see (Management of complications) subparagraph. After 
the intervention the patient is sent to the neurosurgical postoperative 
intensive care unit.

Postoperative evaluations 
A postoperative neuropsychological evaluation (generally 

conducted at 1 and 3 months after the operation), allows to monitor 
the results of the intervention. In particular, the comparison between 
pre- and post-operative data provides useful information to discern if 
a disorder has manifested itself ex-novo, that is, following the surgical 
removal, or is the expression of an aggravation of the preoperative 
symptomatology. Observed language deficits are evaluated and 
studied over time to verify if they are temporary or definitive. 
According to literature, indeed, permanent language deficits occurred 
in approximately 2.5%, whereas about 10% of postoperative language 
deficits become permanent [22].

Conclusions
The neurosurgical procedures performed with the AC approach 

applied to the treatment of gliomas located within or near eloquent 
language areas, allow to safeguard the patient's ability to preserve 
the language domains. However, the good result of the technique 
requires a close collaboration between the various professional figures 
involved including neurosurgeon, anesthetist, neuropsychologist and 
nurse. In regard to anesthetic management, the anesthesiologist's 
challenge is to develop a technique that allows obtaining, in 
safety, a rapid conversion from the state of surgical anesthesia to 
awake to ensure that the patient is awake and collaborative for the 
neurofunctional tests. Consequently, it is mandatory to refer to a 
detailed anesthetic protocol, exploiting at best the pharmacokinetic/
dynamic characteristics of the drugs used and the operative modalities 
of drug delivery systems as well as the modalities for monitoring of 
anesthesia. The role of the psychologist is fundamental during the 
whole perioperative course. The preoperative assessment allows 
selection of patient and lays the foundations for his/her preparation 
to the intervention. Subsequently, the psychologist will remain in the 
operating room during the entire procedure, for the administration of 
neuropsychological tests and to manage any psychic destabilization. 

Patient selection

Fast and secure transition between the asleep and the awake phases:
•	 Anesthetics pharmacokinetics and pharmacodynamics
•	 Drug antagonists and reversal agents for curare

Intraoperative hemodynamic stability
Early detection and effective management of any complications (e.g., 
intraoperative seizures)
Loss of airway control 

Inability to control ventilation

Assurance of immobility for up to 2 hours

Management of nausea and vomiting 

Table 1: Anesthesia critical issues for awake craniotomy.

ASA status (≤ 3)

Airway assessment 

Evaluation of the risk of sedation failure

Risk of intraoperative complications (e.g., risk of epilepsy)

Neurological disorders and their treatment

Psychological evaluation

Contraindications:

•	 Patient's refusal

•	 Communication difficulties

•	 Abuse of alcohol, drugs and other psychotropic substances

•	 Sleep apnea and sleep apnea risk*

•	 Chronic pain and opioid use/abuse for treatment

•	 Inability to lie still for a long period

•	 Psychic and/or psychiatric disorders^

•	 Confused patient

Legend: *STOP BANG score; ^e.g., extreme anxiety

Table 2: Patient selection and preoperative anesthesia evaluation.
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Finally, the specialist will perform within the multidisciplinary team 
the postoperative evaluations.
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