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Abstract
Background Awake craniotomy is the standard of care in surgery of tumours located in eloquent parts of the brain.
However, high variability is recorded in multiple parameters, including anaesthetic techniques, mapping paradigms
and technology adjuncts. The current study is focused primarily on patients’ level of consciousness, surgical tech-
nique, and experience based on a cohort of 50 consecutive cases undergoing awake throughout craniotomy (ATC).
Methods Data was collected prospectively for 46 patients undergoing 50 operations over 14-month period, by the
senior author, including demographics, extent of resection (EOR), adverse intraoperative events, surgical morbidity,
surgery duration, levels of O2 saturation and brain oedema. A prospective, patient experience questionnaire was
delivered to 38 patients.
Results The ATC technique was well tolerated in all patients. Once TCI stopped, all patients were immediately
assessable for mapping. Despite > 75% of cases being considered inoperable/high risk, gross total resection (GTR)
was achieved in 68% patients and subtotal resection in 20%. The average duration of surgery was 220 min with no
episodes of hypoxia. Early and late severe deficits recorded in 12% and 2%, respectively. No stimulation-induced
seizures or failed ATCs were recorded. Patient-recorded data showed absent/minimal pain during (1) clamp place-
ment in 95.6% of patients; (2) drilling in 94.7% of patients; (3) surgery in 78.9% of patients. Post-operatively,
92.3% of patients reported willingness to repeat the ATC, if necessary.
Conclusions The current ATC paradigm allows immediate brain mapping, maximising patient comfort during self-
positioning. Despite the cohort of challenging tumour location, satisfactory EOR was achieved with acceptable
morbidity and no adverse intraoperative events.
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Introduction

The value of brain mapping during awake craniotomies (AC)
in safely maximising tumour resection is firmly established
[13, 27]. A meta-analysis of 90 observational studies examin-
ing the role of intraoperative stimulation mapping (ISM) in
surgery for supratentorial gliomas found that gross total resec-
tion (GTR) in patient cohorts with and without ISM was 75%
and 58%, respectively; in addition, persistent neurological
deficits were recorded in 3.4% and 8.2% of cases, respectively
[13].

However, variability in anaesthetic techniques [3, 7, 37,
49]; mapping paradigms [16, 35, 44, 48]; selection and inter-
pretation of intraoperative tasks [10, 34, 52]; acceptance of
semantic errors and surgery termination points [40, 52]; and
technology adjuncts cannot be overlooked [21, 50]. Each of
these components and critical steps, uniformly grouped under
the general term of AC, is executed in considerably different
ways by surgical teams in institutions all over the world.

The present study examines one of the critical components
of the AC, the patient’s level of consciousness, which deter-
mines a number of parameters including the time interval be-
tween emergence from general anaesthesia (GA) and ability to
participate in neuropsychological testing; positional discom-
fort or pain; intraoperative pain; and patient’s ability to with-
stand extended andmeticulousmappingwhichmay determine
final extent of resection (EOR) and preservation of function.
Moreover, the lack of patient collaboration can result in failure
of the AC as shown in a recent retrospective patient cohort,
with a 21% rate of failed AC, 13.3% of which was attributed
to lack of patient compliance [51].

While the vast majority of ACs are performed using the
asleep-awake-asleep (SAS) technique [12, 14, 15, 17, 23,
26, 51, 53], numerous groups reported anaesthetic proto-
cols ranging from intravenous conscious sedation or mon-
itored anaesthetic care (MAC) to ACs without any seda-
tion, called the “Awake-Awake-Awake Technique”
(AAA) [24]. In the latter category, Hansen et al. (2013)
reported a protocol employing cranial scalp nerve blocks,
the presence of a contact person and psychological guid-
ance [24]. Their approach was predicated in avoidance of
propofol-based sedation with complications ranging up to
32% in some series [20]; hypertensive reactions and tachy-
cardia episodes in > 30% and 7% of patients, respectively,
and respiratory depression and desaturation rates of 7.1%
and 4.8%, respectively [24].

SAS craniotomies performed by experienced teams remain
effective and safe techniques [24, 49]. However, factors that
prompted us to revise our previous SAS paradigm included
the variable time of recovery from anaesthesia; the agitation
during recovery observed in a number of patients, particularly
in cohorts over 65 years of age and a small number of younger
patients who were dislodged from the fixation device of the

intraoperative MRI during emergence from GA; and the in-
ability of the patient to reposition, once they recover fromGA.

Patient comfort and compliance are crucial in outcomes
and patient satisfaction in AC [12, 49]. In a series of 140 cases
with intermittent GA and controlled ventilation (SAS), posi-
tional discomfort was reported in 17.8% of cases. Painful po-
sitioning was the second source of discomfort, after head fix-
ation, in a prospectivemulticentre study of the European Low-
Grade Glioma Network [3].

In addition, in SAS craniotomies, the interval from anaes-
thetic agent termination to fully conscious states is very vari-
able. Montpellier’s experience had mean time of emergence
from anaesthesia 14 ± 6 min and an interval mean time for
performing complex neuropsychological tests of 20 ± 9 min
after discontinuation of the IV infusion [12, 15]. Another
group reported an emergence time of 5–8 min after discontin-
uation of either propofol-remifentanil or dexmedetomidine
(DEX) for conscious sedation [22]. Other studies have shown
longer arousal times of propofol-based SAS up to 39min [46].

Hansen et al. (2013) reported on 50 awake craniotomies
over a period of almost 7 years, focusing mainly on anaesthet-
ic aspects and proposed psychological strategies. Their report
provided limited data on EOR and quoted a rather high rate of
stimulation-induced seizures of 16% [24].

In the current report, we describe our experience with the
awake throughout craniotomy (ATC) technique in a series of
50 cases, collected prospectively during a 14-month period.

Methods

Data collection

Over a 14-month period, 50 consecutive ATCs were per-
formed in 46 patients, by the senior author. All data were
collected prospectively. In addition to standard demographics,
supplemental data included mode and timing of clinical pre-
sentation; duration of surgery; recordings and variations of
SaO2; anaesthetic complications; surgical complications; and
EOR. Cases were numbered from 1 to 50 according to the
chronological order of surgical intervention at our institution.
Interestingly, 75.6% of cases were considered inoperable by
other groups or deemed of high surgical morbidity risk due to
involvement of eloquent brain structures. Cases were
discussed at and consensus for surgical intervention was ob-
tained from the hospital’s tumour board. The questionnaire
data is anonymised and cannot be attributed to specific
individuals.

Definitions of outcome measures

Major outcome measures used in our study were similar to the
largest reported meta-analysis of ISM in glioma surgery,
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totalling 8091 adult patients [13]. Consequently, new post-
operative deficits were defined, according to severity, as se-
vere and less severe; and according to duration, as early or
late. Accordingly, severe deficits included motor power 1–3,
on the Medical Research Council (MRC) scale [56], aphasia
or severe dysphasia, hemianopia or vegetative state; less se-
vere included MRC grade 4 monoparesis, and somatosensory
or parietal syndrome. According to the criteria of the same
study, deficits were categorised as early when present imme-
diately or within 3 months of surgery, and late when present
3 months after surgery, with diminished possibility of recov-
ery [13].

An AC was considered failed in inability to complete brain
mapping and tumour resection, usually secondary to intraop-
erative seizures or patient’s emotional intolerance [39].
Finally, despite the absence of firmly accepted hypoxia
threshold, SaO2 < 95% was considered abnormal [11].

Patient questionnaire

In the cohort of consecutive patients 13–50, a simple, patient
experience questionnaire was administered before and imme-
diately after (24–48 h) surgery to ensure recollection of sur-
gery, with the following 5 stems: (a) level of pre-operative
apprehension/anxiety; (b) level of intraoperative pain on a
standard 11-point numeric rating scale (NRS) ranging from
0 (no pain at all) to 10 (excruciating, unbearable pain) for three
parts of surgery: (b1) clamp placement, (b2) bone drilling and
(b3) main operation and tumour removal; and finally (c) will-
ingness to repeat the same procedure/have a similar experi-
ence in the future, if deemed medically necessary. The patient
experience questionnaire was devised and implemented after
the onset of study and was delivered prospectively in cases
13–50. Questionnaires were not sent to patients 1–12 to avoid
violating the prospective nature of data collection.

Measurement of intraoperative pain

Levels of intraoperative pain at b1, b2 and b3 were measured
using the standard 11-point NRS pain intensity scale anchored
on extremes, used widely in assessing acute post-surgical pain
and correlating well with the visual analogue scale (VAS)
with a numerical value of 4 accepted as a threshold for toler-
able level of pain [4, 6, 25].

Imaging studies

All patients had a standard post-operative MRI scan, request-
ed to be completed within 24 h; in a small number of cases,
scans were performed after 24 but within 48 h. Resection was
stratified as gross total (GTR) (≥ 95%); subtotal (STR) (80–
94%); and partial (PR) (< 80%). Complete resection was de-
fined as (a) the absence of enhancement on immediate post-

operative T1W MRI after administration of gadolinium in
high-grade gliomas (HGGs) and metastases and (b) the ab-
sence of residual hyperintense signal change in Fluid
Attenuated Inversion Recovery (FLAIR) MRI sequences in
low-grade gliomas (LGGs). All cases were reviewed by expe-
rienced neuroradiologists (1) at the time of initial post-
operative MRI sequences acquisition and (2) during data anal-
ysis of the current study.

Anaesthetic parameters

A circumferential scalp block with equal parts of lidocaine 1%
with epinephrine (1:200,000) and bupivacaine 0.25% was
used while the patient had a small amount of target-
controlled infusion (TCI) of propofol and remifentanil aiming
to target blood concentrations of 0.8–1.2 micrograms/ml and
1–2 nanograms/ml, respectively. Infusion rates were typically
15–50 mcg/kg/min for propofol and 0.03–0.1 mcg/kg/min for
remifentanil, respectively, allowing rapid titration and rapid
offset. No intubation or laryngeal mask was used. Once con-
tact was made with the Mayfield pins, an additional small
amount of lidocaine and bupivacaine was used to infiltrate
the pin sites, before a standard pin pressure of 270 N
(60 lbs) was applied, following which all TCI was stopped.
The depth of anaesthesia during the operation was measured
using the Richmond Agitation-Sedation scale, aiming for
score between − 1 (drowsy) and − 2 (light sedation) [45].

Surgical and stimulation parameters

For delivery of DES, a 5 mm, handheld bipolar probe attached
to Ojemann Cortical Stimulator, model OCS2 (Integra,
Plainsboro, NJ) was used, with stimulation parameters includ-
ing pulse duration 0.5 ms, pulse rate 50 Hz and current output
2.0–5.0 mA, maintaining contact with the neural tissue for 3 s
at a time, with ice-cold saline irrigation between stimulation
episodes. Emphasis was placed on largely subpial resections
preserving even small arteries and veins to avoid cortical or
subcortical infarcts (Fig. 1).

Fig. 1 Preservation of a small diameter, long, intra-parenchymal artery
and resection of small tumour remnant attached to its surface (case 14)
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The importance of EOR, procedural steps, mapping and
their involvement in successful completion of surgery was
explained to patients before and during surgery. All patients
underwent routine pre-operative neuropsychology testing.

Results

Patient demographics

Over a 14-month period, 46 patients (26 males; 20 females)
underwent 50 ATCs. The median age was 52 years, range 26–
78. The tumour was located in the left hemisphere in 27 cases
and right hemisphere in 23 cases. In the latter group, the tu-
mours were largely located close to primary motor cortex and
corticospinal tract.

The mean pre-operative tumour volume was 37.30 ml.
Most tumours crossed, one or more, conventional lobar
boundaries but based on the location of the most voluminous
component, the lobar distributions of tumours, in order of
decreasing frequency, were frontal (24); parietal (13); tempo-
ral (9); occipital (3); and thalamic (1). Thirty-seven cases were
of glial histology (WHO grade I, 2; WHO grade II, 7; WHO
grade III, 4; WHO grade IV, 24) and 13 cases were metastatic
disease in deep-seated and eloquent locations.

Intraoperative events

In all 50 cases, the 46 patients tolerated the ATC technique
well and were immediately assessable for detailed cortical and
subcortical mapping. There were no stimulation-induced sei-
zures (0/50; 0%).

Failed awake craniotomies

In our series there were no failed awakes with no cases had to
be converted to an asleep procedure, due to anaesthetic or
physiological reasons (0%). One patient (case 11) developed
unexpected mutism only after successful language mapping
had been completed. A laryngeal mask airway (LMA) was
easily inserted and the procedure was converted to GA for
patient comfort but despite this, complete tumour removal
was achieved with post-operative imaging showing 100% tu-
mour resection; the deficit recovered completely in the sixth
post-operative day, thereby not fulfilling the criteria for failure
of AC (FAC).

Neurological events

There was no surgery-related mortality in our cohort of pa-
tients (30-day mortality, 0%). Early, severe deficits were ob-
served in six patients (12%) and early, less severe deficits
were observed in eight patients (16%). Late, severe deficits
were observed in one patient (2%) and late, less severe defi-
cits, were observed in five patients (10%).

EOR

Independent analysis of post-operative imaging in the cohort
of 50 patients showed GTR in 34 patients (68%), STR in 10
patients (20%) and PR in six patients (12%) (Fig. 2). Pre- and
post-operative scans from representative cases from the cur-
rent series are shown in Figs. 3 and 4.

Fig. 2 EOR in 50 consecutive cases operated on with the ATC technique. GTR (≥ 95%) and STR (80–94%), both dark blue, as 78% EOR is considered
to be a threshold required to achieve a survival benefit; PR (< 80%), light blue
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Duration of surgery

The duration of surgery was recorded for each case with the
start and the end of procedure defined in accordance with the
National Quality Forum (NQF) consensus report [38]. The
total time of surgery ranged from 80 to 513 min, with a mean
of 220 min (median = 200 min; interquartile range 148.5–
269.25 min).

Oxygen saturation recordings

In the current series, the average oxygen saturation (SaO2)
was 97.8% (SD = 1.39) and was found not be significantly
different from the universally accepted normal threshold of
95% SaO2 (p < 0.001).

Patient questionnaire

From the 38 patients who participated in the question-
naire, clamp pain was absent/minimal (0–3/10) in 37
patients (95.6%); drilling pain was absent/minimal (0–
3/10) in 36 patients (94.7%); and intraoperative pain
was absent/minimal (0–3/10) in 30 patients (78.9%)
(Fig. 5). Additionally, no positional-related discomfort
was recorded. Pre-operative anxiety was reported in
68.4% of the patients; however, post-operatively,
92.3% of patients reported that they would be willing

Fig. 3 T2W MRI showing infiltration of the arm, hand and face motor
area of the left M1, previously debulked at another institution (a),
immediate post-operative T2WMRI scan showing resection of the lesion
histologically proven to be a LGG (case 37) (b), T1W MRI sequences
after administration of gadolinium on a patient with left frontal HGG
involving the left Broca’s area, previously operated on at another institu-
tion (c, e), immediate post-operative MRI scan shows resection of all

enhancing neoplastic tissue and resection of the traditional territory of
Broca’s area (case 1) (d, f), T1W MRI scan after administration of gad-
olinium showing a multicentric HGG initially deemed inoperable (cases
10 and 11) (g, i), post-operative T1W MRI scan after administration of
gadolinium showing complete excision of both lesions (cases 10 and 11)
(h, j)

Fig. 4 Functional imaging with delineation of the tumour volume
(magenta), and corticospinal tract (green) (a), T2W MRI showing infil-
tration of the pre-SMA, SMAandmedialM1 (b), intraoperative T2W and
FLAIR T1MRI scan showing resection of the lesion histologically prov-
en to be a LGG (case 26) (c, d)
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Fig. 5 Clamp (a), drilling (b) and intraoperative (c) pain expressed as numeric value on the numeric rating scale (NRS) scale. 0–4: no/mild/tolerable pain.
Yellow diamonds indicate pain levels above NRS level 4
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to repeat the ATC procedure, if deemed medically nec-
essary (Fig. 6).

Discussion

Maximum safe resection of gliomas is strongly supported by
the current literature [9, 28–30, 42, 47, 57] with a minimum
EOR of > 90% required to produce survival benefit. More
recently, even small residual tumour volumes stratified be-
tween 0 cm3, 0.1–5.0 cm3 and > 5.0 cm3 were associated with
progressively decreased survival benefit [57]. Furthermore, in
a “near-randomised” trial, Roelz et al. (2016) reported that no
survival benefit was recorded in patients with residual tumour
volume of < 15 cm3 and fared similarly to the biopsy only
group. In addition, the value of GTR in HGGswas also shown
by a systematic review and meta-analysis of 37 articles total-
ling 41,117 patients diagnosed with HGGs, with likelihood of
1- and 2-year survival of 61% and 19% at 1 and 2 years,
respectively [8].

De Witt et al. (2012) showed that awake DES is associated
with more extensive resections and fewer, late neurological def-
icits. However, patients’ anxiety and pain levels have been
shown to influence their ability to collaborate during awake
DES [3, 31, 54, 58]. A patients’ experience and satisfaction
questionnaire study reported overall good patient tolerance to
the MAC technique; however, 24% of patients experienced dis-
comfort during surgery, often related to positioning [55]. In
comparison, none of our patients reported positional discomfort.

Intraoperative pain and patient experience

Patients’ intraoperative painwasmeasured using the standard 11-
point NRS with a threshold of tolerable pain set to 4 [19].
Different sources of discomfort during AC have been reported
with the application of the Mayfield Clamp as a consistent
source, by 50% of respondents in one study [31]. In our series,
95.6% reported an NRS of three or less during Mayfield clamp
application and 94.7% reported NRS of three or less during
drilling pain (Fig. 5) while during the same stages, 33 and 36
patients, respectively, out of 38, reported complete lack of pain
(NRS = 0). In a prospective randomised trial comparing
dexmedetomidine and combination of propofol and remifentanil,
participants reported excessive pain in 22% and 20% of cases,
respectively [22], which is higher than our current findings.

In this context, compared with SAS craniotomies, ATCs al-
low a successive, linear protocol, accommodating active patient
participation and feedback, lack of airway instrumentation and
nearly instant intraoperative testing. By way of comparison, in
the SAS paradigm, if patients feel muscle strain or pain, upon
regaining consciousness, a common complaint, they cannot re-
position as this will inevitably result in breaching surgical field
sterility and neuronavigational registration loss [12, 49]. In addi-
tion, in the SAS practice, there may be considerable interval until
consciousness is regained, and particularly until a stage allowing
detailed neuropsychological testing is reached [12, 15, 46].
Coughing during airway instrumentation, particularly during
emergence from GA, may raise the ICP. However, the SAS
paradigm allows better CO2 control and airway management
and protection [2].

Fig. 6 Comparison of the levels
of pre-operative anxiety experi-
enced by the patient and the post-
surgery willingness to repeat the
procedure if necessary. Despite >
68% of patients having pre-
operative anxiety, following
ATC, > 92% would be prepared
to repeat the procedure, if
indicated
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During the ATC, there might be a risk of apnoea, particu-
larly at the beginning, linked to levels of sedation, requiring
close monitoring. In addition, difficulties to control CO2 may
be encountered increasing the ICP. Finally, there might be a
higher risk of stimulation-induced seizures. However, in our
series, and the technique described, we had no incidences of
stimulation-induced seizures or raised ICP. Pre-operative anx-
iety is likely; hence, the ATC requires extensive patient
coaching before and during the operation, on the required
steps and importance of their participation. In addition, col-
laborative experience between team members requires regu-
lar, rather than sporadic, engagement in ATC.

EOR and neurological events

The largest meta-analysis of 90 studies, totalling 8091
adult patients, found that with the use of DES, GTRs were
achieved in 74.9% of patients (95% CI, 67.1 to 81.9%)
while without DES, EOR was recorded as 58.1% (95%
CI, 47.4 to 68.6%) [13]. However, the rate of early, and
late, severe deficits with DES was 36% (95% CI, 2.3 to
4.8%) and 3.4% (95% CI, 24.9 to 49.1%), respectively. In
the current series, early, and late, severe deficits amounted
to 12% and 2%, respectively, which are comparable with
other reported series [13].

Duration of surgery

A literature search on the duration of SAS procedures identi-
fied eight studies reporting average duration of surgeries from
159 to 404 min. In our series, the total surgery time ranged
from 80 to 513 min (mean, 220 min; median, 200 min; inter-
quartile range 269.25–148.5 min), placing the current study in
the lower range of reported series to date (Fig. 7).

Adverse intraoperative events

Seizures

Stimulation-induced seizures (SIDs) are well documented and
can inadvertently affect surgery, compromising airway and brain
mapping [14, 17, 23, 32, 49, 51, 53]. SIDs during the SAS
technique have a reported incidence of 0–8.5% [14, 17, 23, 26,
32, 49, 51], whereas their incidence with the MAC technique
ranges from 4 to 19%. A retrospective study of 180 patients who
underwent AC under either conscious sedation or SAS tech-
niques showed an incidence of SIDs of 17.3% and 8.5%, respec-
tively [51]. In one of the recent meta-analyses including 47 stud-
ies and totalling 4942 ACs, SIDs were reported in 351 cases
(7.1%), with 23 incidents (0.5%) requiring conversion to GA
[49]. In our series, no SIDs were recorded. In our practice, the

Fig. 7 The average duration of awake craniotomy reported in other studies
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threshold of 5 mA during DES is rarely exceeded and the neural
tissue is irrigated with cold saline between DES episodes, which
may account for the absence of SIDs. The use of cold solutions
such as Ringer’s lactate has shown to decrease SIDs [43].

Failure of AC

Failed AC is defined as the inability to perform DES or the
necessity to convert to GA during the awake phase [14, 17,
23, 26, 32, 49, 51, 53]. FAC rates for the SAS technique range
from 0.5 to 21% [14, 17, 23, 26, 32, 49, 51, 53]. Studies using
the MAC technique reported FAC rates ranging between 0 and
7.8% [14, 17, 22, 31, 36, 40, 51]. In our series, there were no
instances of FAC (0%) for anaesthetic or physiological reasons.

Brain oedema

Brain oedema may lead to reduced level of consciousness and
often requires invasive airway management during the awake
phase in the SAS technique causing FAC [14, 17, 23, 32]. In
addition, airway manipulation during the awake phase can
lead to activation of the patient’s cough reflex further increas-
ing intracranial pressure and exacerbating oedema [14, 17,
41]. Existing series report rates of 0–14.3% [14, 17, 23, 32].

Despite the lack of use of prophylactic mannitol, in our
series, no cases of brain oedema were recorded, which could
be attributed to complete lack of airway manipulation or drug-
induced respiratory depression. Indeed, in our series, the av-
erage oxygen saturation (SaO2) was 97.8% (SD = 1.39) com-
parable with normal 95% SaO2 threshold (p < 0.001).

Anaesthetic techniques

Numerous anaesthetic techniques attempt to achieve patient
tolerance and compliance during the awake phase of the pro-
cedure [18, 22, 36, 46, 49, 51]. The use of DEX, a highly
selective α2-receptor agonist, has been described [49, 51].
However, DEX has been associated with bradycardia and hy-
potension [1, 5], rarely with respiratory depression and ob-
struction [46], subclinical seizures and interference with
ECoG monitoring. Comparison of SAS and monitored anaes-
thesia care (MAC) has been reported in the literature [2].

In a recently published survey of the European Low-Grade
Glioma Network sent to 28 centres, the responding 20 centres
indicated that 56% and 44% of teams employed SAS and
monitored sedation paradigms, respectively. In addition,
hypnosis-aided awake surgery (HAS) has been considered
helpful although surveys of the European Low-Grade
Glioma Network (ELGGN) have shown that, in the centres
surveyed, HAS remains an infrequently used technique [33].
Our ATC did not involve HAS, but was based on extensive
pre- and intraoperative patients’ coaching; our surgical and
anaesthetic technique was associated with minimal pain

scores, high patient satisfaction rates and no systemic, cardio-
vascular or respiratory adverse effects.

Limitations

The current study reports the experience of a single surgeon
and supporting teams with a minimal incidence of post-
operative complications and high patient satisfaction. Patient
experience questionnaire was administered before and imme-
diately after (24–48 h) surgery to ensure accurate recollection
of patients’ experience, although the patients were not asked
during surgery to grade every incident of intraoperative dis-
comfort or pain, and we did not record the exact timing of pain
occurrence, as this would have been an excessive task for the
patients and a distracting activity for the health care team.

The outcomes are likely related to meticulous surgical and
anaesthetic technique as well as patient coaching; patients’
active involvement and experience of teams are paramount.
This paradigm has been developed and refined based on years
of experience; hence, it is difficult to assess the learning curve
and feasibility of its implementation at another institution.
Replication of our results in a larger sample of patients would
provide further evidence in support of this technique.

Conclusion

Our present ATC paradigm appears to allow constant patient
awareness of an uninterrupted, linear process, avoiding two
intubation/extubation cycles; patient involvement in position-
ing; no systemic complications; and finally, immediate brain
mapping with full patient co-operation. Emphasis is placed on
the patient’s engagement and on pre- and intraoperative pa-
tient coaching. This team effort allows instant mapping, min-
imal pain scores, high patient satisfaction rates and no
stimulation-induced seizures or FAC. Although many suc-
cessful models of AC are available, the described model
should also be considered.
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Comments Tumor craniotomy with mapping in awake patients increases
the chance of satisfactory macroradical resection and reduces the risk of
complications. Most centres offering awake craniotomy to patients with
brain tumours do so by combining it with some level of general
anaesthesia before and after the mapping in itself. However, some
authors have voiced concerns that short-lasting anaesthetics may affect
the level of consciousness and cognitive function even after being
stopped.

Here Leon-Rojas and colleagues report their experience with 50 pro-
cedures of brain-tumour craniotomy performed in 46 patients who
remained awake throughout surgery. The patients presented
neurosurgically challenging cases, as three out of four patients were con-
sidered inoperable by other groups; they were probably also highly se-
lected and were all operated by the same neurosurgeon. Placement of
skull pins was done using scalp block, local anaesthetic infiltration of
pin holes, and light sedation, following which all sedatives were stopped.
Results were favourable, with a low complication rate; no more than
minor pain was reported by 95% of patients during clamp placement
and drilling, and by 79% during the surgery itself. Ninety-two per cent
were willing to undergo awake throughout craniotomy again. The results
indicate that with careful selection, certain patients may be able to under-
go tumour craniotomy with mapping using minimal levels of sedatives
and analgesics.
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