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ABSTRACT 

AIm: Awake craniotomy (AC) with electrical cortical stimulation has become popular during the last ten years although the basic principles 
were introduced almost 50 years ago. The aim of this paper is to share with the readers our experience in 25 patients who underwent AC with 
electrical stimulation.

mATERIAl and mEThods: Twenty-five patients who underwent AC between 2010 and 2013 are the subjects of this paper. All patients were 
diagnosed with intraaxial lesions involving the functional area itself or very close to it by preoperative imaging. During surgery, the functional 
area was demonstrated by cortical electrical stimulation and resection aimed to preserve it in order to avoid an irreversible functional deficit.     

REsulTs: Total resection was possible in 80% while in 20% subtotal resection had to be performed because of involvement of the functional 
area itself. The neurological complication rate was found to be 16% (4 patients) and all were transient. No complication regarding anesthesia 
was noted.   

CoNClusIoN: Awake craniotomy in selected patients is very effective, safe and practical for supratentorial lesions close to the eloquent area. 
Complications related to the surgery itself are uncommon and general anesthesia is avoided. The hospital stay including the intensive care unit 
is short which makes it very economical surgical procedure.      

KEywoRds: Awake craniotomy, Brain tumors, Cerebral cortex, Electrical stimulation, Epilepsy

ÖZ 

AmAÇ: Temel prensipleri 50 yıl önce ortaya konmasına rağmen, elektrik kortikal uyarım ile yapılan uyanık kraniyotomi (UK) son on yıldır 
popüler olmuştur. Çalışmanın amacı elektrik uyarım ile birlikte 25 hastada yapılan UK tecrübemizi okuyucu ile paylaşmaktır.  

yÖNTEm ve GEREÇlER: Makalenin konusu 2010 ile 2013 yılları arasında UK yapılan 25 hastadır. Ameliyat öncesi alınan görüntülemelerle tüm 
hastalarda fonksiyonel bölgeyi tutan veya o bölgelere çok yakın intraaksiyel lezyon tanısı kondu. Cerrahi sırasında fonksiyonel alanlar elektrik 
uyarım ile belirlendi ve geriye dönüşü olmayan nörolojik defisitlerden kaçınmak için o bölgeler korundu.     

BulGulAR: Total rezeksiyon % 80’inde ve fonksiyonel alanın kendisinin tutulumu nedeni ile subtotal rezeksiyon % 20’sinde yapıldı. Nörolojik 
komplikasyon oranı % 16 (4 hasta) olarak bulundu ve hepsi geçici idi. Anesteziye bağlı komplikasyon görülmedi.    

soNuÇ: Seçilmiş hastalarda ve bölgelere yakın supratentoriyel lezyonlarda uyanık kraniyotomi etkili, güvenli ve pratiktir. Cerrahiye bağlı 
komplikasyon oranı düşüktür ve genel anesteziye bağlı komplikasyonlar ortadan kalkmaktadır. Yoğun bakım dahil hastanede kalış süresinin 
kısa olması nedeniyle uyanık kraniyotomi ekonomik olmaktadır.       

ANAhTAR sÖZCÜKlER: Beyin tümörleri, Elektrik uyarım, Epilepsi, Serebral korteks, Uyanık kraniyotomi

INTRODUCTION

It is clear that awake craniotomy (AC) arose from its use in 
epilepsy surgery and it has become an increasingly frequent 
neurosurgical procedure, even for supratentorial tumoral and/
or non-tumoral lesions (16). This method is generally used 
when a lesion involves or is close to any functional or eloquent 
area, such as primary motor or language cortices, in order 
to reduce the possibility of neurological deficits. However, 
there has been some criticism that AC for preservation of 

functional areas may decrease the extent of surgical resection 
(7). Evidence against such criticism could only come from 
prospective clinical studies comparing awake and traditional 
procedures. Unfortunately there have only been a limited 
number of clinical prospective studies in the literature but 
the results demonstrated that awake surgery may also 
result in extensive resection in low-grade gliomas involving 
the functional areas and significantly improve quality of 
life of patients (13-16). Evolutionary stages with respect to 
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this neurosurgical intervention involve the development 
of surgical techniques, use of new anesthetic drugs and 
advanced preoperative functional imaging, tractography and 
neuronavigation. However, we have to emphasize that the 
success of AC depends on experienced surgical and anesthesia 
teams in order to keep the patients awake for direct cortical 
electrical stimulation and neurological examination during 
surgery.

The authors in the present paper demonstrated surgical 
and anesthesiological considerations and experience with 
the results of a series of patients who underwent AC due to 
supratentorial lesions involving or close to the functional 
areas..

MATERIAL and METHODS 

Patient Population

In this series, all patients operated on were diagnosed with 
intra-axial lesions including tumors, cortical dysplasias or 
non-lesional epilepsy with preoperative imaging studies 
and direct electrical cortical stimulations were performed 
during surgery. Patients were evaluated and discussed in 
the preoperative meetings held routinely once a week in the 
department and informed consent from each patient or their 
closest relative was obtained before surgery. The meticulous 
criteria for undergoing AC were the age that should be at 
least 16 years and patient’s ability to cooperate. Each patient 
was seen a day before surgery and specifically evaluated 
for eligibility for AC by the same anesthetist. The respiratory 
system was specifically considered as it could increase 
intracranial pressure during surgery if there was a problem. 
In case of anxiety, the anesthesiology team prescribed an oral 
benzodiazepine derivative for the evening before surgery. 
All operations were performed or supervised by the same 
surgical and anesthesia teams. 

Monitorization and Anesthesia

On the day of surgery, premedication with intravenous 
midazolam (30-50 µg/kg) was given in order to prevent 
anxiety, nausea/vomiting and seizure. Next step was the 
non-invasive monitorization including electrocardiography, 
arterial pressure, and temperature. It is especially suggested 
that the state of alertness should be considered objectively 
for such operations and the bispectral index (BIS) monitor 
has entered operating rooms for the purpose of objective 
monitoring of alertness (4). At the beginning of craniotomy, 
the BIS value should be between 60 and 80 but when 
neurological examination is needed the target value has 
to be greater than 80. A nasopharyngeal airway is required 
both for giving oxygen and monitoring the end tidal CO2 
and an invasive arterial catheter should be inserted under 
local anesthesia in order to take samples or arterial blood gas 
analysis and frequent monitoring of the real arterial blood 
pressure. An indwelling urinary catheter is especially useful 
in case diuretics are given for decreasing unwanted increased 
intracranial pressure during surgery. It is clear that patient’s 
respiratory sounds and skin color should be monitored.

Our technique used in AC is “asleep-awake-asleep” as 
described in the literature (8). Neurolept anesthesia was used 
in the past but subsequently this technique was abandoned 
mainly because of unwanted deep sedation, pain and a high 
seizure incidence. Currently, short-acting anesthetic agents 
such as dexmedetomidine (0.02-0.5 µg/kg/hour), propofol 
(30-180 µg/kg/hour), and remifentanil (0.03-0.09 µg/kg/
hour) are used. In addition to intravenous anesthetic agents, 
local anesthetics are also required for skin incision and 
local peripheral nerves such as the supraorbital nerve. The 
anesthesiology team should be ready in case of failure of AC 
and unexpected situations such as seizure, airway problems, 
increased intracranial pressure and severe drug allergy.

Surgery

After the anesthesia team is completed their routine, the 
surgical team took care of the patient. All patients were given 
antibiotics, anti-convulsants and corticosteroids immediately 
before surgery. One of the most important issues that the 
surgical team is that the patient should be in a comfortable 
position and that there should be no stress for the head. The 
head position is generally neutral for venous return which 
should not be obstructed. The head is fixed with either the 
Mizuho or Mayfield head holder. Pin sites routinely are 
administered local anesthesia. After fixation, the skin incision 
is planned, which should lead the surgeon to the target by 
the shortest distance. The skin incision should be minimum-
access incision. The incision site is administered local 
anesthesia before draping the operative field. In general, our 
team performs local anesthesia to the skin incision site only 
without peripheral nerve (eg., supraorbital nerve, occipital 
nerve etc.) local anesthesia. The incision site is generally 
infiltrated with 0.25% marcaine. Dural opening generally does 
not cause discomfort and when pain is felt by the patient we 
infiltrate the dura with small amounts of local anesthetic 
agent.

Electrical Mapping

After opening the dura and exposing the pia, the lesion is 
verified by observation and neuronavigation if available. A 
bipolar stimulator with a ball tip is brought to the operating 
table. The device is set to 50-Hz repetition and 100 µsec 
square wave pulse. The intensity of stimulation is begun at 1 
mA and increased up to 15 mA with 1 mA increments. During 
stimulation, the anesthesiologist or a senior resident observes 
the movements of face, arm or leg. Each site is tested three 
times to be sure that the area of interest is accurate. Cortical 
areas essential for language are tested by asking the patient 
to name the list of the objects (animals etc.) and speech arrest, 
dysnomia or hesitation is observed. When functional areas 
are identified, a small piece of paper is placed to that area. 
Following the identification of the functional areas, cortical 
or lesion resection is performed. We generally perform 
subcortical electrical stimulation as well for identification of 
the functional or eloquent white matter. In every case, we try 
to perform gross-total removal or excision and to spare the 
functional areas.
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Postoperative Care 

Depending on the patient’s general and neurological 
condition, the anesthesia team decides on whether the 
patient would go to the intensive care unit (ICU) or the ward.

RESULTS 

Patient Demographics

The patient group presented here underwent AC by the 
same surgical and anesthetic team between July 2010 and 
February 2013 at Cerrahpasa Epilepsy Center. The group 
consisted of 17 males and 8 females with a mean age of 
34.25 years. Table I provides a summary of demographic data 
of the group. All craniotomies were the first procedure and 
no biopsy was performed. The most common presenting 
symptom was seizure, followed by weakness and headache. 
There was no patient with any comorbidity that could affect 
the clinical condition before surgery. In the preoperative 
period, magnetic resonance imaging (MRI) of the head was 
performed in all patients and in patients in whom cortical 
dysplasia was suspected on 1.5 T MRI, 3T MRI was considered. 
Tractography and functional MRI were done in 11 and 14 
patients, respectively. 

Radiological and Lesion Features

Table II shows the radiological and lesion characteristics. 
Fourteen patients had left and 11 right hemispheric lesions. 
The majority of the lesions were located on the frontal lobe, 
followed by insular and/or temporal lobes. The absence of 
occipital lesion in the present paper is due to our exclusion of 
patients with occipital lesion that makes AC difficult because 
of positioning problems. The histopathological diagnosis 
was glioma in 56%, cavernous malformation in 20%, focal 
cortical dysplasia in 16%, and the remaining 2 patients 
were diagnosed as malignant germ cell metastasis and 
dysembryonic neuroepithelial tumor (DNET), respectively. 

Surgical Findings 

There was no unsuccessful brain mapping and estimated 
functional areas were identified by stimulation in all cases. 
Positive and negative mappings guided us for safe resection 
and in cases in which mapping was positive subtotal resection 
or gross total resection was performed (Figure 1A,B; 2A-D). 
There was no case in which AC failed. Following identification 
of the functional area, resection was started furthest from 
the functional area and neurological examination was 
performed every minute. Meticulous attention was paid to 
respect the uninvolved cortex by applying subpial resection. 
No intraoperative seizure was noted. Range of operation 
time from the skin incision to closure was 2 to 5 hours and 
glioma surgery took generally time compared to cavernous 
hemangiomas or focal cortical dysplasia. 

Postoperative Care and Complications

Only four patients (16 %) stayed in the ICU postoperatively 
and all four had insular involvement. The range of ICU stay was 
1 to 2 days and as the team experience increased the median 

Table I: Summary of Demographic Data of the 25 Patients 
Underwent Awake Craniotomy

No Age Gender Seizure
Neurological 
examination on 
admission

1 19 M Yes Normal
2 43 M Yes Dysarthria
3 35 F Yes Normal
4 30 M No Apraxia on the left hand
5 28 M Yes Apraxia on the left hand
6 20 M No Left hemiparesis
7 68 M No Left hemiparesis

8 36 M No
Dysarthria + 
Hypoesthesia on the 
left upper extremity

9 20 F Yes Normal

10 55 M Yes Weakness on the left 
hand extension

11 39 M No Apraxia on the left hand
12 19 M Yes Normal

13 55 M No Weakness on the left 
hand extension

14 25 M Yes Normal
15 54 M No Left hemiparesis
16 57 F No Normal
17 22 F Yes Normal
18 27 M No Normal
19 27 F Yes Normal
20 22 M Yes Normal
21 22 M Yes Normal
22 44 F No Normal
23 32 M Yes Normal
24 27 F Yes Normal
25 42 M Yes Normal

length of ICU stay showed a trend to become shorter at 1 day. 
The median length of postoperative hospital stay was found 
to be 5 days. In every patient, postoperative MRI was obtained 
within 24 hours in order to have an idea about the resection 
rate regarding tumors that was evaluated according to Berger 
et al. (1). In case of cortical dysplasia and cavernoma, FLAIR and 
T2-weighted MRI images were evaluated for deciding whether 
total removal has been performed. Table III shows summary 
of clinical data including the follow-up period. Total resection 
was identified in 20 cases (80 %) and subtotal resection had 
to be performed in 5 (20 %) because of involvement of the 
functional area itself. 

There was no mortality in this series and overall complication 
rate was 16% (4 patients) and all were transient. One patient 
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Figure 2: This 27-year-old male patient 
who was complaining of seizures 
underwent awake craniotomy because 
of a tumor located just anterior to the 
left middle and lower motor strip (A). 
With the help of electrical stimulation, 
the tumor was removed totally (B) 
without any motor deficit that was 
also demonstrated by postoperative 
functional magnetic resonance 
imaging (C). Tractography shows the 
preservation of the motor fibers just 
posterior to the motor strip beautifully 
(D).

Figure 1: This 22-year-old female was admitted to our clinic with intractable seizure. Preoperative work-up disclosed focal cortical 
dysplasia just anterior to the left precentral gyrus. She underwent awake craniotomy and electrical cortical stimulation was performed 
before surgery in order to locate the precentral gyrus (A). Depicted area with small spherical piece of paper shows the precentral gyrus. 
Note that without stimulation it would be difficult to locate the precentral gyrus depending only on the knowledge of gross anatomy. 
Resection was performed safely just anterior to the left precentral gyrus in this patient (B) and no neurological deficit was detected. 
The patient was free of seizures during the long-term follow-up. 

A B

A B

C D
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Table II: Summary of Radiological and Histopathological Features of the Lesions

No Side Site Resection rate 
(%) Histopathological diagnosis

1 Left Postcentral gyrus and posterior to it 100 Dysembryoplastic neuroepithelial 
tumor

2 Left Anterior to precentral gyrus 100 Cavernoma
3 Right Anterior to precentral gyrus  100 Oligodendroglioma
4 Left Anterior to supplementary motor area 100 Cavernoma
5 Right Anterior to precentral gyrus 100 Focal cortical dysplasia
6 Right Precentral gyrus and anterior to it and thalamus 50 Oligodendroglioma
7 Right Premotor area 100 Astrocytoma

8 Left Anterior to precentral gyrus including 
supplementary motor area 100 Glioblastoma multiforme

9 Right Temporal lobe and insula 80 Oligodendroglioma
10 Right Central area and anterior to it 80 Glioblastoma multiforme
11 Right Premotor and supplementary motor area and insula 90 Oligodendroglioma
12 Right Anterior to precentral gyrus 100 Metastasis
13 Right Precentral gyrus and anterior to it 80 Glioblastoma multiforme
14 Left Anterior to precentral gyrus 100 Oligodendroglioma
15 Right Anterior to precentral gyrus 100 Glioblastoma multiforme
16 Left Anterior to precentral gyrus 100 Astrocytoma
17 Left Anterior to precentral gyrus 100 Focal cortical dysplasia
18 Left Anterior to Broca 100 Cavernoma

19 Left Between supplementary motor area and cingulate 
gyrus 100 Focal cortical dysplasia

20 Left Between Wernicke and Heschl gyrus 100 Focal cortical dysplasia
21 Left Anterior to Broca 100 Cavernoma
22 Left Precentral gyrus 100 Cavernoma
23 Left Lower postcentral gyrus and insula 100 Glioma grade II
24 Left Precentral gyrus and anterior to it and insula 90 Glioma grade II
25 Right Central sulcus 100 Cavernoma

with GBM located in the left premotor and extending to the 
supplementary motor (SMA) area showed SMA syndrome 
that was characterized by aphasia and right hemiparesis 
that resolved within 15 days. There were two patients who 
had weakness in the left upper extremities due to resection 
of low-grade glioma involving the right premotor area and 
that resolved within one month of the surgery. One patient 
showed right hemiparesis predominantly involving the right 
upper extremity. The lesion involved the left premotor and 
precentral gyri complex, which was removed subtotally due 
to the motor strip involvement. In the third month follow-up 
the patient was found to be neurologically intact. There were 
four patients with GBM. All had received both radiotherapy 
and chemotherapy and are still under our follow-up (almost 1 
year without recurrence).

DISCUSSION 

“As a neurosurgeon, it has been my lot to watch the experiments 
which only disease and injury can carry out upon the brains 
of unfortunate men and women. Of recent years my special 
province has been the surgical treatment of epilepsy, removing 
abnormal areas of the brain, areas in which the unbridled 
electrical discharges arise that produce epileptic seizures. There 
are many brain areas that can be removed with little or no 
detectable functional loss. During such surgical procedures, the 
skull is opened and the brain exposed under local anesthesia, 
while the patient lies on the operating table fully conscious. Only 
thus is the cause of the attack to be found, and the surgeon’s hand 
guided. The patient talks and answers the surgeon’s questions 
while he maps out the various functional areas by applying 
a gentle electrical stimulus here and there on the cortex”. The 
above statement is from Wilder Penfield who with Andre 
Pasquet initiated the modern era of AC when they published 
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Functional cerebral localization with direct cortical electrical 
stimulation is still considered to be gold standard and the 
only direct way to localize the functional eloquent areas. It 
guides the surgeon to perform as much resection as possible 
without unacceptable functional deficits that could affect the 
quality life of patient. Recent years have shown us us that AC is 
performed by many centers not only for lesions involving the 
eloquent cortex but also any supratentorial intra-axial lesions 
regardless of the involvement of the functional areas (13-16). 
Shifting of the general anesthesia to local in neurosurgical 
arena is mainly due to the fact that AC is a safe and practical 
method and more importantly is economic with a low 
complication rate, which means patients are discharged from 
the hospital in a short time. Recent reports demonstrated 
that this method of surgery is not contraindicated in 
increased intracranial pressure as well (2). A limited number 
of prospective studies reported in the English literature have 
suggested that the use of ACs provides maximum resection 
with minor or without neurological deficit and is safe 
technique that is an excellent alternative to craniotomy under 
general anesthesia (7, 13-16). Furthermore, they concluded 
that this method results in substantial reduction in resource 
utilization including ICU.

their landmark paper with respect to surgical and anesthetic 
aspects of these surgical procedures (11, 12). Now we see 
clearly that the concepts that they underlined years ago are 
still relevant and are being applied in many neurosurgical 
centers in the world today. However, Dr. Harvey Cushing 
was the first to perform local anesthesia or AC to operate on 
a series of patients and describe the sensory cortex in man 
(3). He published two patients with epilepsy, who underwent 
anesthesia with chloroform and morphine and were allowed 
to awaken after the craniotomy. Cushing used faradic 
stimulation in both patients and observed sensory responses 
from the area just posterior to the central sulcus. Later on, 
Otfried Foerster in Breslau performed surgery with local 
anesthesia and extensive sensorimotor cortical stimulation to 
find the epileptic focus by reproducing habitual seizures (5). 
Foerster’s extensive use of AC was inspired by Penfield during 
his stay with him and brought this procedure to Montreal in 
1928 and the modern era of this surgical procedure began 
there as outlined above. Although use of new technology 
such as neuronavigation has decreased the use of AC (10), 
it still continues to be an important surgical technique that 
should be used in specific conditions.

Table III: Summary of Clinical Data After Surgery

No Intensive care unit stay (day) Last follow-up Neurological examination at the last follow-up
1 None 55 month None
2 None 55 month None
3 None 22 month Weakness on the left hand
4 None 24 month None
5 None 14 month None
6 None 14 month Hemiparesis predominate on the right upper extremity 
7 None 14 month None
8 None 12 month Supplementary motor area syndrome
9 1 12 month None

10 None 12 month None
11 2 12 month None
12 None 12 month Weakness on the left hand
13 None 12 month None
14 None 8 month None
15 None 8 month None
16 None 8 month None
17 None 3 month None
18 None 3 month None
19 None 2 month None
20 None 2 month None
21 None 1 month None
22 None 1 month None
23 1 25 days None
24 2 20 days None
25 None 15 days None
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medication should be considered promptly. Another measure 
that anesthesiologist should take into consideration is pain 
control during the dura opening. Analgesia and sedation help 
the patient to overcome restlessness and agitation. In the 
present series,which includes limited number of the patients, 
we did not encounter any complication during surgery which 
in the literature ranges from 16% to 20% (2). Furthermore there 
was no major or minor complication related to surgery itself 
such as wound complications, postoperative hematomas, 
and uncontrollable seizure. We have to underline that the 
low rate of peroperative complication in the present series 
may largely be due to the smaller number of patients who 
underwent AC. An experienced team including surgeons and 
anesthesiologists is the cornerstone of the successful awake 
surgery and decreasing the complication rate in peroperative 
period. 

CONCLUSION  

Depending on our own experience and larger retrospective 
and limited prospective studies, awake craniotomy with 
intraoperative electrical cortical stimulation is effective, safe 
and practical approach for lesions related to the functional 
cortex itself or close to it. It is well tolerated by the patients 
and irreversible neurological deficits are less common. It 
avoids complications of general anesthesia and is associated 
with low complication and mortality rates of surgery and 
hospital stay is short including the intensive care unit, which 
decreases the economic burden.
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