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protein than in the KIF5B-RET-KD protein. The anchorage-independent
growth induced by KIF5B-RET was suppressed by treatment with
vandetanib (<1 uM), whereas the growth induced by mutant KRAS
was not (Fig. 1d). These results are similar to those observed for RET
fusions in thyroid cancer!®. We also detected phosphorylation of the
KIF5B-RET protein at Tyr905 in fusion-positive LADC specimens
(Supplementary Fig. 6). These results suggest that the RET fusions
are a previously unidentified LADC driver mutation and a potential
target for existing TKIs, including vandetanib, which has been recently
approved by the US Food and Drug Administration for the treatment of
thyroid cancer!®. Further studies are warranted to promote molecular
subtype diagnoses and personalized therapy options for LADC. For this
purpose, both the clinical and biological features of this fusion are being
investigated. For further information, please see the Supplementary
Note and Supplementary Tables 5 and 6.

Note: Supplementary information is available on the Nature Medicine website.
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The Guidelines for Awake Craniotomy
Guidelines Committee of The Japan Awake Surgery Conference

Preface

Cortical mapping by awake craniotomy has become frequently used worldwide as part of the treatment
strategy for brain lesions located near language areas. However, no systematic guidelines have been es-
tablished for this surgery. The Japan Awake Surgery Conference has now created guidelines for awake
craniotomy for brain lesions near language areas.

The Japan Awake Surgery Conference was established in 2002 for the purpose of continuing research
into neurocognitive functions as well as establishing and promoting safe methods of awake craniotomy.
The 4th annual meeting of this conference decided to establish guidelines for awake craniotomy and or-
ganized a guidelines committee. Members specializing in the fields of neurosurgery, neurclogy, and
anesthesiology took part in discussions, a systematic review was carried out, and the guidelines com-
mittee attempted to create guidelines in compliance with evidence-based medicine methods as far as
possible. However, the absence of randomized control trials of awake craniotomy forced the guidelines
committee to use “de facto standards” to create the guidelines.

The guidelines consist of three parts: 1) Surgical maneuvers for awake craniotomy, 2) Anesthetic
management for awake craniotomy, and 3) Language assessment during awake craniotomy. The guide-
lines are not intended to override the methods of experienced practitioners, and are not intended to ex-
clude methods other than those included. We hope that these guidelines will improve the safety of
awake surgeries and promote the development of the neuroscience of neurocognitive function.

President of The Japan Awake Surgery Conference

Takamasa Kavama, MD

I. SURGICAL MANEUVERS FOR AWAKE CRANIOTOMY

Indications

1. Age
[Recommendation]

While there is no specific upper age limit, an
anesthesiologist, surgeon, and speech therapist
should consider the condition of each patient care-
fully. Surgeons with little experience of awake
craniotomy should try to perform awake surgery
only in patients aged from 15 to 65 years.

[Commentary]

Awake surgery is usually performed in patients
aged from 15 to 65 years. However, patients indicat-
ed for such surgery are not only specified by age. If
the required tasks can be handled correctly, awake

surgery can be performed in persons younger than
15 years and older than 65 years. Patients can un-
dergo such surgery at any age if they are considered
to be suitable candidates after other factors have
been assessed. The cortex is difficult to excite by
electrical stimulation in children aged 7 years or
younger, so they do not fulfill the criteria for cortical
electrical stimulation.? Patients older than 70 years,
who may develop delirium or marked emergent in-
crease in blood pressure, require especial attention.

Reference
1) Berger MS, Ojemann GA, Lettich E: Neurophysiologi-
cal monitoring during astrocytoma surgery. Neu-
rosurg Clin N Am 1: 65-80, 1990

These guidelines are approved by The Japan Neurosurgical Society. The part on anesthetic management is approved by
the Japan Society of Anesthesiology and the part on language assessment during awake craniotomy is approved by the

Neuropsychology Association of Japan.

Copyright of this English version of the Guidelines is reserved by The Japan Neurosurgical Society.
Correspondence to: Takamasa Kayama, MD, Department of Neurosurgery, Yamagata University Faculty of Medicine,

2-2-2 lida-nishi, Yamagata, Yamagata 990-9585, Japan.
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2. Diseases
[Recommendation] : :

In principle, the indication is for intramedullary
diseases that can be treated surgically.

[Commentary]

Epilepsy without macroscopic demarcation be-
tween the normal brain tissue and the lesion, glioma-
tosis with indistinct borders, and cavernous heman-
giomas that can only be reached through normal
brain regions are typical indications.! Metastatic
brain tumors are sometimes an indication. Ex-
tramedullary tumors such as meningioma are a less
common indication, depending on the case.? For ex-
ample, extramedullary tumor corresponding to
brain disease with extended motor nerve involve-
ment may be an indication.

References

1) Muragaki Y, Maruyama T, Iseki H, Takakura K, Hori
T: [Functional brain mapping and electrophysiologi-
cal monitoring during awake craniotomy for intraaxi-
al brain lesions]. No Shinkei Geka Journal 17: 38-47,
2008 (Japanese)

2) Shinoura N, Yoshida M, Yamada R, Tabei Y, Saito K,
Suzuki Y, Takayama Y, Yagi K: Awake surgery with
continuous motor testing for resection of brain tumors
in the primary motor area. ] Clin Neurosci 16: 188-194,
2009

3. Sites
[Recommendation]

Areas indicated for awake surgery are locations
where surgical procedures may lead to worsening of
neurological symptoms, but can be assessed by the
performance of intraoperative tasks.

[Commentary]

Lesions in and around the anatomical language
areas, lesions in the lateral parietal lobe of the
dominant hemisphere (mainly including the angular
gyrus), lesions adjacent to the arcuate fibers (su-
perior longitudinal fasciculus), lesions adjacent to
the motor cortex, etc.

Awake surgery is indicated for lesions affecting
the triangular and opercular regions of the posterior
part of the inferior frontal gyrus (Brodmann’s areas
44 and 45) or the inferior part of the precentral gyrus
with respect to the language motor center, as well as
lesions in the posterior half of the superior, middle,
and inferior temporal gyri of the temporal lobe
(areas 41, 42, 22, and 37) or the supramarginal and
angular gyri of the parietal lobe (areas 40 and 39)
with respect to the sensory language center. Awake
surgery is also indicated for lesions adjacent to the
arcuate fibers (superior longitudinal fasciculus) that

appear to connect the motor and sensory language
areas. The hippocampus is located deep inside the
temporal lobe, and is associated with verbal memo-
ry, and includes the insular gyri.V If a lesion is locat-
ed near any of the above sites in the dominant
hemisphere or if the lesion cannot be confirmed to
affect the nondominant hemisphere, identify the
functional areas by stimulation.

Reference
1) Muragaki Y, Maruyama T, Iseki H, Takakura K, Hori
T: [Functional brain mapping and electrophysiologi-
cal monitoring during awake craniotomy for intraaxi-
al brain lesions]. No Shinkei Geka Journal 17: 38-47,
2008 (Japanese)

4. Other indications such as neurological sym-
ptoms
[Recommendation and commentary]

The patient has to participate in awake surgery, so
the patient, assessors, surgeons, and anesthe-
siologists must all fully understand the meaning of
aggressive resection and possible complications,
and be able to recognize whether or not the patient
can tolerate awake anesthesia.

If patients have already developed moderate or se-
vere symptoms, mapping and monitoring are
difficult to perform. For example, patients with im-
pairment of language functions, such as under-
standing, reading, repetition, and object naming, are
not suitable for awake surgery. Among patients who
cannot speak fluently but have no disorders of un-
derstanding, those with minor naming disorders
and decreased word enumeration are candidates,
although severe disorders may develop during sur-
gery.l)

Patients with serious intracranial hypertension
and those with serious systemic complications are
not suitable.

Reference
1) Berger MS, Ojemann GA, Lettich E: Neurophysiologi-
cal monitoring during astrocytoma surgery. Neu-
rosurg Clin N Am 1: 65-80, 1990 :

5. Determination of the dominant hemisphere
[Recommendation]

Performance of a provocation test (Wada test) by
cerebral angiography is desirable. If determination
of the dominant hemisphere is done by noninvasive
tests such as functional magnetic resonance imaging
(EMRI), the therapeutic strategy should be defined af-
ter considering the possibility of pseudolocalization.

[Commentary]
Various advanced procedures such as fMRI, mag-

Neurol Med Chir (Tokyo) 52, March, 2012



The Guidelines for Awake Craniotomy 121

netoencephalography (MEG), and near infrared
spectroscopy (NIRS) have been developed as func-
tional tests. These procedures are noninvasive and
have made substantial contributions to neu-
roscience and neurology. However, for decision-
making about surgical resection, the ‘“gold stan-
dard,” which is the most reliable procedure availa-
ble (the procedure used to define the “correct an-
swer’” as the standard for comparison with new
procedures), should be used. The gold standards for
identification of the dominant hemisphere, func-
tional areas, and neuronal functions are the provo-
cation test (Wada test), that involves infusion of
anesthetic during cerebral angiography, identifica-
tion of functional sites by electrical stimulation, and
neurological testing, respectively. Although the
anesthetic for the Wada test was amobarbital in the
original proposal, propofol is primarily used these
days because amobarbital is not currently marketed
in Japan.?® These “gold standard” procedures should
be used despite being more invasive because, if less
invasive but less reliable procedures are used and an
incorrect result is obtained, the invasiveness of sur-
gery may become greater than necessary. Determi-
nation of the dominant hemisphere in patients with
tumors causing compression based on fMRI may
have left-right errors (pseudolocalization) in 14%.%
The surgical strategy largely depends on whether or
not a lesion affects the dominant hemisphere and in-
correct information naturally increases the risk, so
performing the Wada test (the gold standard
preoperative procedure) is considered to be necessa-
ry. Although textbooks state that 99% of right-hand-
ed persons are left hemisphere dominant, a meta-
analysis of 734 patients undergoing the Wada test
(including 121 of our patients)? revealed that the
dominant hemisphere for right-handed persons was
the left hemisphere in 88%, the right in 5%, and both
in 7%.Y The dominant hemisphere determined by
electrical stimulation is the left hemisphere in 91%
and the right in 9%. Thus, around 90% of right-hand-
ed persons are left hemisphere dominant and
around 10% are right hemisphere dominant, which
is not a low prevalence, suggesting that careful at-
tention should be paid during surgery to lesions in
functional areas of the dominant hemisphere. The
results of the Wada test in left-handed people have
shown that the left dominant:right dominant ratio
ranges from 1:1 to 3:1, with a slightly higher rate of
left dominance.

In recent years, the increasing accuracy of nonin-
vasive procedures such as fMRI, MEG, and NIRS
has provided us with more and more knowledge. In
addition, when a gradual transition from invasive to
noninvasive procedures occurs because of the risk

Neurol Med Chir (Tokyo) 52, March, 2012

of complications of cerebral angiography, including
the Wada test, the risk of pseudolocalization should
be accepted. Feedback with respect to comparison
of the results of the Wada test and those of mapping
by electrical stimulation is needed.

References

1) Ishikawa T, Muragaki Y, Maruyama T, Ono Y, Abe K,
Tanaka M, Amano K, Inoue T, Kubo O, Iseki H, Hori
T, Sakai K: [Efficacy of the determination of the
dominant hemisphere by Wada test and functional
MRI for tumors around language areas]. Presented at
the 65th Annual Meeting of the Japan Neurosurgical
Society; October 18-20, 2006; Kyoto (Japanese)

2) Medina LS, Bernal B, Ruiz J: Role of functional MR in
determining language dominance in epilepsy and
nonepilepsy populations: a Bayesian analysis. Radiolo-
gy 242: 94-100, 2007

3) Takayama M, Miyamato S, Ikeda A, Mikuni N, Taka-
hashi JB, Usui K, Satow T, Yamamoto J, Matsuhashi
M, Matsumoto R, Nagamine T, Shibasaki H, Hashimo-
to N: Intracarotid propofol test for speech and memo-
ry dominance in man. Neurology 63: 510-515, 2004

4) Ulmer JL, Hacein-Bey L, Mathews VP, Mueller WM,
DeYoe EA, Prost RW, Meyer GA, Krouwer HG,
Schmainda KM: Lesion-induced pseudo-dominance at
functional magnetic resonance imaging: implications
for preoperative assessments. Neurosurgery 55: 569-
581, 2004

Methods

1. Preoperative treatment
1-1. Status and details of simulation
[Recommendation]

The tasks that will be performed during surgery
should be preoperatively rehearsed in the ward.
Simulation of the surgical posture, equipment set-
up, and role sharing, as well as rehearsal of the tasks
for the patient, surgeons, anesthesiologists, and
other surgical staff (such as nurses) should also be
performed in the operating room.

[Commentary]

For successful intraoperative mapping with
awake anesthesia, it is important to reduce the
patient’s anxiety as much as possible by maintaining
a comfortable environment during surgery. Bring
the patient to the operating room on the day before
surgery, and take enough time to explain what will
be done on the next day (including the posture that
the patient will be placed in by the surgeon,
anesthesiologists, and nurses). Then have the patient
actually adopt that posture. If possible, show the
patient a video of surgery on previous patients for
better understanding. If functional language map-
ping is performed, conduct higher function exami-
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nation before surgery, perform the tasks that will
done during surgery in the ward in advance, and
select intraoperative tasks, for example, by showing
the patient pictures or photographs of common ob-
jects used in object naming and selecting some that
the patient can answer correctly. If there has been a
long interval between examination and surgery in a
patient with progressive symptoms due to a tumor
adjacent to the language areas, the tasks should be
selected immediately before surgery.

1-2. Monitoring of anticonvulsants
[Recommendation]

In patients who are scheduled to undergo awake
surgery, it is desirable to initiate the administration
of anticonvulsants in advance and maintain effec-
tive blood concentrations if enough time is available.
Phenytoin can be administered and the concentra-
tion increased to the upper limit of the effective
range (target level 20 mg/dl) by the day before sur-

gery.

[Commentary]

Even if an effective blood concentration of an an-
ticonvulsant has been maintained since before sur-
gery, there is some risk of convulsions during awake
surgery (as described below). Therefore, sufficient
preoperative antiepileptic drug saturation is desira-
ble to prevent intraoperative convulsions and for
easy drug loading after the onset of convulsions. Re-
garding the selection of drugs, phenytoin is recom-
mended, since intravenous administration can be
performed immediately before or during surgery
when oral administration is not possible, rapid satu-
ration is easy, a steady-state blood concentration can
be obtained after a relatively short time (4-5 days),
and regulation of the blood concentration is easy.

The bioavailability of phenytoin is high (98%) and
there is little difference between systemic absorp-
tion after intravenous and oral administration. If
there are 3 or more days before surgery, it is desira-
ble to achieve the target blood concentration by oral
administration to reduce patient discomfort. If rapid
saturation immediately before surgery is selected,
the target blood concentration can be obtained
promptly by intravenous administration of pheny-
toin.

Especially for patients with tumors located near
the motor cortex, after obtaining an adequate
preoperative blood concentration of phenytoin, the
blood level should be monitored every 2 hours dur-
ing surgery. If the concentration is low, intravenous
administration of 250 mg of phenytoin should be
given to raise the concentration to the normal upper
limit (this dose increases the blood level by approxi-

mately 6 mg/dl in a patient weighing 60kg), or
100-200 mg of phenytoin should be given every 4
hours during surgery (this dose will increase the
blood level by approximately 2.4-4.7 mg/dl in a
patient weighing 60 kg).

Sixteen (16%) of the 100 patients who underwent
awake surgery at Tokyo Women’s Medical Univer-
sity from 2004 to the present developed seizures un-
der awake conditions, whereas 48 (48%) of these 100
patients had a history of seizures before surgery.
Twelve (24.5%) of the 49 patients with tumors near
the motor cortex developed seizures during awake
surgery and this rate was higher than at other sites.
Occurrence of seizures during awake surgery is de-
fined as clinically obvious convulsions and does not
include patients who only have afterdischarges.

Among the 80% or more of our 100 patients who
had received preoperative antiepileptic drug ther-
apy, patients with lesions near the motor cortex and
a preoperative blood level within or above the effec-
tive range accounted for 70% of patients both with
and without intraoperative convulsions, although
the blood level was not measured in all patients.
Thus, even if the blood level of an antiepileptic drug
is within the effective concentration range, there is
no improvement of the preventative effect against
intraoperative seizures, which is more likely to de-
pend on the conditions of electrical stimulation.

Preoperative phenytoin loading is not performed
at Tokyo Women’s Medical University, so its effica-
cy has not been demonstrated there. Therefore, the
frequency of intraoperative convulsions in patients
with brain lesions at each site should be compared
with that determined at institutions where rapid
preoperative phenytoin saturation is performed to
assess the usefulness of this procedure. It may also
be necessary to assess the conditions employed for
electrical stimulation, especially for the motor cor-
tex, as well as the use of rapid anticonvulsant satura-
tion.

[Saturation]*?

Initial loading dose [mg]: target blood concentra-
tion [mg/dl] X volume of distribution Vd [l/kg] x
body weight [kg] = 20 X 0.7 X body weight [kg]..(a)

Additional loading dose [mg]: {target blood con-
centration — measured value [mg/dl]} X volume of
distribution Vd [l/kg] X body weight [kg] = (20 —
measured value) X 0.7 X body weight [kg]........... (b)

Where target blood concentration is 20 mg/dl, and
Vd is specific value for each drug: phenytoin 0.6-0.8
(approximately 0.7) l/kg.

For example, in a patient weighing 60 kg, the ini-
tial loading dose calculated using (a) is 840 mg,
which is administered as three divided doses every 2

Neurol Med Chir (Tokyo) 52, March, 2012
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to 4 hours. This will avoid cardiovascular adverse
reactions such as hypotension, bradycardia, and ar-
rhythmia, as well as gastrointestinal symptoms.
After 12 to 24 hours of administration at the above
dose, initiate therapy at the usual maintenance dose
(200-400 mg/day). Measure the blood concentration
2 to 3 days after finishing the initial loading dose for
oral administration, and at 24 hours after or immedi-
ately before surgery when rapid saturation has been
achieved by intravenous administration, and calcu-
late the additional loading dose using (b).

The saturation period for phenytoin should be wi-
thin the range of 3 to 5 days to avoid the develop-
ment of adverse reactions when the blood level is
maintained at the upper limit of the effective con-
centration range for too long (1 week or more) before
surgery. There have been many reports about
phenytoin-induced skin disorders such as dissemi-
nated erythematous papules after approximately 2
weeks and serious drug-induced hypersensitivity
syndrome after 2 to 6 weeks in most cases.?

Because the protein-binding rate of phenytoin is
high (90-95%), even if the blood level of the drug is
within the effective range in patients who have a low
serum albumin concentration, the concentration of
free drug (not bound to albumin) will be increased
and measured values may not reflect the actual lev-
els. If the serum albumin is 3 g/dl or lower, free
phenytoin should be simultaneously measured or
the effective phenytoin concentration estimated us-
ing the following formula for correction: Measured
phenytoin level/{(0.2 X albumin level) + 0.1} ......(c)

Where target range for free phenytoin is 2 to 2.5
mg/dl.

References

1) Lacy CF, Armstrong LL, Goldman MP, Lance LL:
Lexi-Comp’s Drug Information Handbook, 13th ed.
Ohio, Lexi-Comp Inc, 2005, pp 1195-1199

2) Ogata H, Masuhara K, Matsumoto Y: [Clinical
Pharmacokinetics]. Osaka, Maruzen, 2001, 181 pp
(Japanese)

3) Shiohara T, Miyachi Y, Takigawa M (eds): [Dermatolo-
gy Practice 19; Master Drug Eruption]. Tokyo, Bunko-
do, 2006, 301 pp (Japanese)

2. Various intraoperative methods
2-1. Sites and methods of local scalp anesthesia
[Recommendation]

For local anesthesia of the scalp, it is common to
use long-acting local anesthetics in combination
with invasive anesthesia and nerve blocks.

[Commentary]
Analgesia by local anesthesia is often performed
by the combination of infiltration with local

Neurol Med Chir (Tokyo) 52, March, 2012

anesthetic and nerve blocks. At some institutions,
anesthesia is performed only by local injection or
only by nerve block. Long-acting local anesthetics
such as ropivacaine and bupivacaine are often used
and these are combined with lidocaine at some insti-
tutions.® Supraorbital nerve block is used if the skin
incision is primarily located in the frontal region,
whereas auriculotemporal nerve block is used for an
incision in the temporal region. Greater or lesser oc-
cipital nerve blocks can be added to these blocks. If
head fixation is used, an anesthetic is administered
at the sites of the pins in addition to the skin incision
sites. Sufficient anesthetic should be provided at the
pin sites because many patients complain of pain at
these sites during emergence.

Preoperative simulation of temporary pseudo-
emergence can be performed after fixing the head in
a specific posture before the initiation of surgery, to
confirm whether tasks can be performed or whether
there are any problems with the removal and rein-
sertion of a laryngeal mask.1?

References

1) Fukaya C, Katayama Y: [Intraoperative wake up proce-
dure using propofol total intravenous anesthesia and
laryngeal mask]. No Shinkei Geka Journal 8: 332-337,
1999 (Japanese) :

2) Fukaya C, Katayama Y, Yoshino A, Kobayashi K,
Kasai M, Yamamoto T: Intraoperative wake-up proce-
dure with propofol and laryngeal mask for optimal ex-
cision of brain tumour in eloquent areas. ] Clin Neu-
rosci 8: 253-255, 2001

3) Sato K, Kawamata M, Nagata O, Kawaguchi M,
Morimoto Y, Kato M, Sakabe T: [Present state of
anesthetic management for awake craniotomy in
Japan]. Masui 57: 492-496, 2008 (Japanese)

2-2, Head fixation and posture setting
[Recommendation]

Successful awake functional brain mapping/
monitoring depends on whether the patient’s
cooperation can be maintained for a long time.
Therefore, head fixation and posture setting are im-
portant to keep the patient in a comfortable position
for a long period.

Although there is no definitive method of head fix-
ation and posture setting, continuous feedback is es-
sential about whether functional brain mapping/
monitoring is successful or not, and whether or not
the patient can comfortably cooperate with surgery
and functional brain mapping/monitoring, and the
surgeon should continue to assess whether the
selected method is correct or not.

The basic procedure is as follows:

i) Preoperative explanation: It is important to cre-
ate an image of surgery for the patient and family. If
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this is not done, the patient will not understand what
to do and how to cooperate, and will be uneasy dur-
ing the surgery. The preoperative explanation
should include basic issues related to brain function-
al differentiation, association of the extent of tumor
invasion with functional areas, neurosurgical proce-
dures, and functional brain mapping/monitoring
procedures, and be illustrated with pictures, slides,
and videos. Also, bring the patient to the actual oper-
ating room before surgery, perform head fixation
and posture setting, and allow enough time to per-
form surgical simulation that includes meeting with
the surgeons and nurses.

ii) Head fixation: Whether complete restriction of
movement of the head by pin fixation or to allow
movement of the head by not performing fixation is
better has not been decided. The purpose of surgery
is to safely and reliably resect the tumor, and the
method should be established at each institution that
both maintains patient comfort and allows surgery
to achieve its purpose.

iii) Posture setting: To perform functional map-
ping of motor and sensory areas including function-
al language mapping, craniotomy must extend to
sites that include normal brain tissue as well as the
tumor. A posture that allows the performance of
wide frontal-temporal-parietal craniotomy is gener-
ally used. For posture setting, given that the body
weight is supported by various parts of the body, in-
dividual differences with regard to a comfortable
posture and how painful maintaining the same
posture for a long time can be for patients must be
fully understood. Seiting a posture that is only toler-
able for a short time and attempting to maintain it
for a long time leads to pain at unexpected sites.
How many times the posture can be changed during
surgery and the patient’s desired temperature (hot or
cold) must also be confirmed.

[Commentary on approach without head fixation]
Posture setting

What surprised us most when we visited the insti-
tution of Berger et al., who are pioneers in the use of
this method for maximum resection of gliomas, is
that Dr. Berger himself took time to carefully set
each patient’s posture with pads that were tailor-
made for size, shape, and thickness. Their stock of
prepared pads and linen was much larger than ours.
Awake surgery provides us with a good opportunity
to realize how inadequate our previous posture set-
ting is for general anesthesia. The following posture
setting and head fixation procedures are basically
according to the method of Berger et al.?-3)

Preparation on the day before surgery: Bring the
patient to the actual operating room on the day be-

s

Fig. 1 Posture setting in the Department of Neurosur-
gery of Tohoku University.

fore surgery, and take enough time to explain what
will be done on the next day, including posture set-
ting. It is important for the patient to meet the sur-
geons, assistants, anesthesiologists, and nurses. At
that time, detailed explanation of the patient’s patho-
logical condition, and explanation using videos
about tumor resection in combination with awake
functional brain mapping/monitoring should be
provided to the patient (permission for the use of
videos should be obtained because they contain per-
sonal information). It is as important for the patient
to have an understanding of the surgery as it is for
the surgeons to develop an image of the procedure.

To perform functional mapping of motor and sen-
sory areas, including functional language mapping,
craniotomy needs to expose normal brain tissue as
well as the tumor. In general, to allow for wide fron-
tal-temporal-parietal craniotomy, the head is tilted
75° to the opposite side. The next section covers
whether head fixation should be performed or not.
Place a large pad supporting the whole body from
the shoulder to the waist to avoid torsion of the
shoulders and head. To improve venous return,
slightly raise the upper part of the body. Find the
most comfortable positions for both the upper and
lower extremities, and be careful not to overload any
part of the body. It is desirable to fill little empty
spaces with small pads. During posture setting,
maintain an environment similar to that during the
actual surgery as far as possible, continue conversa-
tion, and take time to check for the presence or ab-
sence of pain and to be careful not to have any body
part unsupported (Fig. 1).

To perform mapping, you need to have a clear
space in front of the patient’s eyes and to have
enough space to place a portable computer within
the vision, which is used for object naming in func-
tional language mapping. At our hospital, this space
is created with L-shaped bars and infusion stands
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Fig. 2 Conditions used for the first case in the Depart-
ment of Neurosurgery of Tohoku University (1986).

(Fig. 2), and transparent drapes may be used to allow
vision.®) Surgery takes a long time and osmotic di-
uretics such as mannitol may be used because of the
inability to employ hyperventilation to control brain
swelling, so continuous urine flow is required.

If intraoperative motor functional mapping is
done under general anesthesia, unlike awake
anesthesia, freer setting of the posture and head po-
sition (including use of the prone position) is availa-
ble. However, functional brain mapping takes time
to perform without administration of muscle relax-
ants, so whether the patient will feel comfortable in
an unforced posture should be considered when set-
ting the posture.

Posture setting on the day of surgery: Even if the
posture has already been confirmed on the day be-
fore surgery, take enough time to set the patient’s
posture again and ensure that he/she is comfortable.
To confirm whether the patient feels comfortable or
not, hold a conversation and do not induce anesthe-
sia until the completion of posture setting.

Head fixation

There is no consensus at this time about whether
head fixation should be done or not. If we give first
priority to the patient’s comfort, no fixation would
seem to be more desirable. However, lack of fixation
will lead to constant movement of the surgical field.
To continually respond to unexpected movements
for a long time when manipulating deep brain
regions or blood vessels is very stressful for sur-
geons. For surgery combined with awake functional
brain mapping/monitoring, which is based on
cooperation and achieving a balance between the
surgeons and the patient, determine whether head
fixation should be used or not after careful consider-
ation at each institution. Even without head fixation,
continuous navigation is available® by fixing the
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Fig. 3 Approach with head fixation.

reference points to the skull.9

[Commentary on approach with head fixation]

The advantages of head fixation include a fixed
operating field and complete fixation of the conven-
tional navigation system, retractor, electroen-
cephalograph, or other instruments, so that the sur-
geon can operate as under general anesthesia. The
disadvantages of this approach include more patient
discomfort compared with the absence of head fixa-
tion, due to pain at the pin fixation sites, and
difficulty of moving the body and changing the head
position. Also, treatment of vomiting or convulsions
and reintubation may be difficult, so sufficient simu-
lation is necessary. A patient with a left frontal lobe
glioma receives 4-point fixation after insertion of a
laryngeal mask (Fig. 3). As with 3-point fixation, it is
difficult to rotate and move the head after applica-
tion of 4-point fixation, so simulation of emergency
situations is very important.
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low and intermediate grade gliomas. Br | Neurosurg 6:
119-124, 1992

2-3. Awake state and surgery: Status of anesthe-
sia and status of electrical stimulation during
resection

[Recommendation]

Resection is often performed under anesthesia or
sedation, and the methods vary among institutions.
With subcortical mapping, electrical stimulation
needs to be continued even during resection. There
is no established method at this time and the value of
the procedure is uncertain.

[Commentary]

Although the use of sedation is common during
resection of the lesion, it is done on a case-by-case
basis or never performed at some institutions be-
- cause it is still controversial. Propofol is often used,
but dexmedetomidine, sevoflurane, nitrous oxide,
etc., can also be employed.

For subcortical mapping, electrical stimulation
needs to be continued even during resection.
However, there is no established method of subcorti-
cal stimulation and the methods employed vary
among institutions at present. For subcortical map-
ping of the corticospinal tract, the method of record-
ing the electromyogram by using Ojemann-type
bipolar electrodes as in cortical mapping seems to be
employed relatively often. With bipolar recording,
however, the stimulation range is limited to the im-
mediate vicinity of the electrodes and injury has
often already occurred when a response is detected.
If the presence of the corticospinal tract cannot be
predicted at a certain distance, subcortical mapping
may well be useless. A method of recording cor-
ticospinal motor-evoked potentials (D-wave) that
descend through the corticospinal tract from spinal
epidural electrodes for subcortical mapping is being
discussed. The amplitude of D-waves evoked by
monopolar stimulation may reflect the distance be-
tween the stimulation points and the corticospinal
tract to some degree, so the method of recording the
D-wave amplitude under given stimulus conditions
seems to be promising.

Also, in subcortical mapping of language func-
tions, conventional bipolar stimulation limits the
range as for mapping the corticospinal tract, so
whether language area-derived speech arrest can be
certainly detected is unclear and the reliability of
subcortical electrical stimulation during resection is
difficult to determine.
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2-4. Conditions and timing of stimulation
2-4-1. Cortical stimulation: type of electrode, in-
tensity of stimulation, and duration
[Recommendation]

In the setting of brain electrical stimulation for
functional mapping, because of its effect and to
maintain the safety of the brain tissues, the follow-
ing methods of using probe electrodes and subdural
electrodes are recommended:

Probe electrodes: Interpolar distance of 5 mm and
diameter of 1 mm for bipolar electrodes or diameter
of 1mm for monopolar electrodes; square wave
pulses (0.2 or 0.3 or 1 msec) with alternating polarity
and frequency of 50 or 60 Hz, and stimulus duration
of up to 4 seconds; and current from 1.5 (or 2) mA
with maximum intensity of 16 mA.

Subdural electrodes: Interpolar distance of 5 mm to
1 cm and diameter of 3 mm for bipolar electrodes;
square wave pulses (0.2 or 0.3 msec) with alternating
polarity and frequency of 50 or 60 Hz, and stimulus
duration of up to 10 seconds; and current from 1 mA
with maximum intensity of 16 mA.

[Commentary]

Stimulation conditions vary among the types of
electrode and purposes of functional mapping. The
recommendations cover typical methods for cortical
language mapping. When stimulating the primary
motor area under awake conditions, use of low fre-

Neurol Med Chir (Tokyo) 52, March, 2012



The Guidelines for Awake Craniotomy 127

quency stimulation or one to five repetitive stimuli is
desirable to prevent convulsions.

For identification of false-positive responses to
peripherally spreading electrical stimulation, after-
discharges should be monitored.%? Cortical
excitability differs between children and adults and
also varies between individuals, so false-negative
results can occur.

' References
1) Ebner A, Luders HO: Subdural electrodes, in Luders
HO, Comair YG (eds): Epilepsy Surgery. Philadelphia,
Lippincott Williams & Wilkins, 2000, pp 593-596
2} Sanai N, Mirzadeh Z, Berger MS: Functional outcome
after language mapping for glioma resection. N Engl J
Med 358: 18-27, 2008

2-4-2. Subcortical stimulation: type of electrode,
intensity of stimulation, and duration
[Recommendation]

The conditions for stimulation are the same as
those for “cortical stimulation.”

Alternative method for stimulation (subcortical):
0.2 msec, 50 Hz, stimulus duration of up to 4 sec-
onds, from 1 mA to maximum intensity of 20 mA.

Implanted subdural electrode (deep electrode):
Used for hippocampal lesions. The interpolar dis-
tance is 1 cm or 5 mm.

[Commentary]

Experience shows that responses are often identi-
fied by the same tasks and current intensity as with
cortical stimulation. If maximum resection is per-
formed while checking the response to subcortical
stimulation, 80% of patients develop transient neu-
rological symptoms, but 94% of them recover within
3 months.? Subcortical stimulation also allows iden-
tification of the following language-related fibers, by
which various findings have been obtained??: su-
perior longitudinal fasciculus, arcuate fasciculus,
subcallosal fasciculus, inferior fronto-occipital fas-
ciculus, inferior longitudinal fasciculus, uncinate
fasciculus, orofacial motor fibers, etc.
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2-5. Treatment of convulsions

Risk: Convulsion can develop during intraopera-
tive mapping and tumor resection.

Measures: Reduce the stimulus intensity. Do not
persist with mapping. For tumors near the motor
cortex, raise the concentrations of phenobal and
phenytoin to the upper normal limits and check the
levels every 2 hours during surgery. If the levels are
lower than the limits, appropriately administer 250
mg of intravenous phenytoin and 100 mg of in-
tramuscular phenobal to increase the concentra-
tions to the upper limits. If convulsions occur, put
cold water or cold artificial cerebrospinal fluid (e.g.,
Artcereb®; Otsuka Pharmaceutical Factory, Inc.,
Tokyo) on the brain surface and wait until the con-
vulsions cease. If convulsions occur frequently,
switch to general anesthesia and then switch back to
awake surgery if possible after adequately raising
the concentrations of anticonvulsants. (For tumors
near the motor cortex, surgery can continue while
checking the motor-evoked potentials [second best
method].)

2-6. Necessity and usefulness of confirming af-
terdischarges: methods and evaluation
[Recommendation]

Confirmation of stimulation-induced convulsions
by evaluating the occurrence of afterdischarges
on the electrocorticogram should be a basic proce-
dure.? At the very least, until the number of cases ex-
perienced by the institution increases, it is essential
that the stimulation conditions are standardized,
and the method of functional evaluation is estab-
lished. The risk of mistakenly identifying motor, sen-
sory, and language disorders induced by develop-
ment of brain dysfunction at distant sites because of
stimulation-induced afterdischarges should be
avoided. To confirm whether electrical stimulation
is actually being delivered (i.e., the current is flow-
ing), electroencephalography is useful. Position the
electrocorticographic electrodes and record the
electrocorticogram without stimulation (Fig. 4).
Place small pieces of paper with numbers, etc. on
the brain surface so that surgeons, staff performing
electrophysiological mapping, and staff performing
higher function examination can mutually confirm
the stimulation sites. Stimulate the brain surface for
2 to 3 seconds by applying biphasic rectangular
pulses of 50 Hz and 0.3 msec pulse width with
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After discharge

Cortical stimulation
e <%

Fig. 4 Setting the electrocorticograph and electrocor-
ticographic stimulation with bipolar electrodes.

bipolar electrodes using an inter-electrode distance
of 5 mm. For stable stimulation, the brain surface
should be kept moist by using a nebulizer. Increase
the stimulus current from 4 mA in increments of 1
mA and determine the optimal current for achieving
stable muscle contraction without afterdischarges in
the cortical electroencephalogram. Under the above
conditions (which we use), effective stimulation is
often obtained at 8-11 mA. Under awake anesthesia,
a lower stimulus current is optimal and 4-8 mA is
often used. For the sensory areas, because instan-
taneous brain-surface stimulation with a low current
leads to complaints of numbness and discomfort by
the patient, it is desirable to initiate mapping of the
sensory areas first. Stimulation is done at the sites
predicted using the neuronavigation system or from
anatomical landmarks such as sulci, gyri, and super-
ficial veins, and from the somatosensory-evoked
potentials obtained by median nerve stimulation or
labial stimulation, and the aim is to achieve effective
results from the first stimulus. The motor cortex
does not cover all of the precentral gyrus, but lies be-
tween the anteroposterior regions on the side of the
central sulcus. Therefore, stimulation should be ap-
plied along the central sulcus first. Bipolar elec-
trodes are used to apply stimulation perpendicular

to the central sulcus. If the craniotomy does not ex-
tend as far as the finger area during tumor resection
in the frontal opercular region, you can place strip
electrodes across the central sulcus underneath the
dura for stimulation. Electromyography? is not per-
formed for all muscles, so the extremities and face
must be carefully observed at sites where stimula-
tion is expected to induce movement.

After completion of mapping of the motor and
sensory areas, initiate functional language mapping.
First, ask the patient to count from 1 to 50 continu-
ously. At this time, increase the stimulus current in
increments of 1 mA, while confirming that there are
no afterdischarges in the cortical electroencephalo-
gram. A current of up to about 16 mA may be used.
Record the sites associated with speech arrest and
hesitation. When stimulating the lower portion of
the precentral gyrus, a negative motor response?
may inhibit speech. One of the methods for confirm-
ing this is to apply stimulation to the brain surface i)
while instructing the patient to project the tongue
and move it from side to side, ii) while continuing
countermovement of the thumb and forefinger, and
iii) while bending and extending the ankle joints. If
arrest of movement of the tongue or countermove-
ment of the fingers and movement of the ankle joints
is observed, the inhibition is associated with a nega-
tive motor response and not with language dysfunc-
tion. By these procedures, the optimal stimulus cur-
rent can be determined and the frontal language
areas identified to some extent. Then, perform ob-
ject naming while continuing stimulation.

No abnormalities of counting does not always cor-
respond with no disorders of object naming. Show
the patient slides for approximately 2-3 seconds
each. Assess whether there is speech arrest, hesita-
tion, or wrong answers after presenting the stimu-
lus. If these occur, you always need to confirm
whether they are induced by actual stimulation of
laniguage function areas, fatigue, inability to see the
slides, or the development of seizures. Using the sen-
tence pattern for naming ‘“This is ###” allows us to
determine whether abnormalities are associated
with arrest of speech itself by stimulation of the ton-
gue motor areas or negative motor areas, or are due
to stimulation of language function areas. Because
identification of language areas needs repeated con-
firmation of the results, patients have to expend a
large amount of energy. Therefore, functional brain
mapping/monitoring requires complete cooperation
of the patient.
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2-7. Complications other than convulsions and
countermeasures
2-7-1. Pain

Risk: Pain can develop in the skin, muscles, dura
mater, and sites on the underside of the body.

Measures: Ask the patient about painful sites and
treat with local anesthesia as far as possible. Fix the
head with 3 or 4 pins (if you use a head frame) and
place something soft under the body to allow for
movement. For surgery on the temporal lobe, turn
the waist up as far as possible to prevent pain caused
by compression of the underside of the waist, which
often occurs in the lateral position.

2-7-2. Air embolism

Risk: Tumors of the inner motor cortex are associ-
ated with a risk of air embolism because the surgical
field is placed in the highest position.

Measures: Bend the head forward without affect-
ing respiration, raise the lower extremities, and
bend the abdomen slightly forward to increase the
jugular venous pressure. Cover the skull with fibrin,
thrombin, and Calcicol immediately after opening
the skull. Keep the head down until the dura mater is
opened and then gradually raise the head while ob-
serving Sa0,. If there are symptoms such as cough
and a decrease of Sa0,, immediately put the head
down and hold the neck.

2-7-3. Delirium and emotional incontinence

Risk: There are some reports of delirium develop-
ing when anesthesia is stopped to obtain the awake
state. Intraoperative anxiety and pain may also
cause emotional incontinence.

Measures: Avoid decreasing the level of con-
sciousness by use of local anesthetic as far as possi-
ble. Play the patient’s favorite music or take meas-
ures to avoid anything that makes the patient un-
comfortable so that the patient can undergo surgery
easily. Depending on the patient’s condition and the
progress of surgery, decide whether it should be con-
tinued under awake conditions, should be continued
without awake conditions, or should be discon-
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tinued. If continuation of awake conditions is need-
ed, deal with the patient’s complaints (primarily
pain) as far as possible, but sometimes encourage the
patient to tolerate the discomfort.

2-7-4. Increased intracranial pressure

Risk: Increased intracranial pressure may develop
in patients with brain tumors, but seldom in those
with epilepsy. During awake surgery, arterial carbon
dioxide tension (PaCO,) tends to be higher than un-
der general anesthesia, leading to a higher risk of in-
creased intracranial pressure.

Measures: If there is evidence of increased in-
tracranial pressure on imaging studies, general
anesthesia should be employed. If awake surgery is
considered to be absolutely necessary, the decision
can be made after dural incision following standard
intubation. If there is no brain swelling induced by
increased intracranial pressure, switch to awake
surgery after extubation. If brain swelling occurs
during awake surgery, consider switching to general
anesthesia.

2-7-5. Others

There are reports about the development of air
embolism and pneumonia, although whether these
are characteristic problems of awake surgery is con-
troversial. Air embolism can be caused by raising
the head excessively (for example, locating the oper-
ating field at the highest position in the motor cortex
1). As with general anesthesia, bend the head for-
ward without affecting the respiration, raise the low-
er extremities, and bend the abdomen slightly for-
ward to increase the jugular venous pressure. Cover
the skull with bone wax, fibrin, and thrombin imme-
diately after opening the bone. Keep the head down
until the dura mater is opened and then gradually
raise the head while observing arterial oxygen per-
cent saturation (SaQ,). If there are symptoms such as
cough and decrease of SaO,, immediately put the
head down and hold the neck. Also, for prevention
of pneumonia, it seems to be important to prevent
lowering of consciousness and vomiting (refer to the
section on anesthetic management for details about
dealing with nausea and vomiting).
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2-8. Decision-making based on the results of
stimulation

2-8-1. Epilepsy

[Recommendation]

In the case of epilepsy, consider whether the
results of functional brain mapping by electrical
stimulation are reliable. Epileptic foci often include
functional brain sites and the extent of resection in-
fluences postoperative seizure control. It is desirable
to fully assess the extent and overlap of epileptogen-
ic foci and functional sites, and then carefully dis-
cuss the indications for resection of functional areas
in individual cases depending on the pathological
condition.

[Commentary]

Epilepsy is a functional disease, and the presence
or absence of functional disorders associated with
surgery influences the indications for surgery. For
decision-making about additional surgical treatment
and the extent of resection in individual cases, it is
important to fully understand the pathology of
epilepsy. Assessment of the results obtained by func-
tional brain mapping with electrical stimulation re-
quires attention to the following points. In patients
with epilepsy, cortical excitability at functional sites
is variable and both false-positive and false-negative
results of electrical stimulation can occur.) Dis-
placement of brain function sites from their anatom-
ical positions can also occur. Therefore, functional
brain mapping by electrical stimulation should be
performed carefully, and it is desirable to undertake
subdural electrode placement with reference to the
results of various noninvasive physiological tests,
such as fMRI, positron emission tomography, and
MEG, for detailed mapping. The use of brain surface
electrodes allows for complementary cortical func-
tion testing to assess the development of symptoms
and to measure evoked potentials during voluntary
activity after electrical stimulation. Epileptogenic
foci often overlap with functional sites in the brain.
In such a situation, resection of the focus is superior
to multiple subpial transection and more complete
resection results in better postoperative control of
epileptic seizures.? It is reported that 0% to 63% of
patients develop persistent functional disorders af-
ter resection of functional brain areas involved by
epileptic foci. However, due to the small number of
cases, it is unclear whether we should resect all the
functional sites, whether we should consider the
resection of sites with a possible compensatory func-
tion, and how to decide on the discontinuation of
resection.
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2-8-2. Brain tumors
[Recommendation]

Functional tissues revealed by mapping should be
preserved unless consent giving priority to resection
is obtained or the surgeon determines that resection
is feasible. Accumulate experience with mapping
and pay careful attention to false-positive results
{(nonfunctional brain tissues despite positive find-
ings on stimulation).

[Commentary]

Intraoperative functional testing during awake
surgery involves mapping by electrical stimulation
and monitoring to observe neurological findings.
Mapping is performed to identify functional brain
tissues and to prevent neurological complications
induced by resection and damage to functional tis-
sues during brain tumor removal. Therefore, the
sites where symptoms occur during mapping should
be preserved in principle because they are likely to
be functional tissues. If they are not preserved, we
see no point in performing awake surgery. However,
if tumors coexist with functional tissues? and
preoperative consent has been obtained, functional
tissues may not be preserved if the decision is con-
firmed to give priority to tumor resection after ac-
cepting the risk of complications and the fact that
postoperative symptoms are likely to develop even
with a response (e.g., negative motor areas in the
supplementary motor cortex). Because responses are
sometimes false-positive, you should acquire
proficiency in mapping. False-positive findings are
primarily obtained because awake conditions are
poor and do not allow patients to perform their
tasks, and sometimes because the basic conditions
for the tasks are poor (e.g., the patient cannot see the
screen because a drape covers his/her eyes). At our
hospital, some patients could not perform the nam-
ing task due to inability to see the screen because of
conjugate deviation induced by stimulation of oculo-
motor fibers, but they were regarded as having lan-
guage arrest (the truth was recognized by reviewing
videos). Recently, Berger et al.V have insisted on the
validity of a ‘““negative mapping strategy,” suggest-
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ing that language areas do not have to be identified
as a positive control (and major craniotomy does not
have to be performed for identification), and that
resection can be performed if language areas do not
exist within the resection zone under certain condi-
tions (60 Hz, maximum 6 mA). Given that this is a
report from the most experienced institution, resec-
tion after identifying the language areas seems to be
safer at less experienced institutions. It is significant
that their report indicates that awake language map-
ping allows us to perform even aggressive resection
with a very low incidence of complications and that

a report on language mapping was published in a
top clinical journal, suggesting that evaluation of its
usefulness as a surgical procedure for glioma has
been established.
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II. ANESTHEIC MANAGEMENT FOR AWAKE GCRANIOTOMY

1. Introduction

In the 1800s, resection of foci in epileptic patients
was performed by craniotomy under local anesthe-
sia.®) With no electroencephalogram, direct stimula-
tion of the cortex was employed to detect the epilep-
tic focus and identify functionally important sites,
which seems to be the prototype of current awake
craniotomy. In the 1900s, with addition of sedation,
surgery became more comfortable for patients.?
Using codeine, thiopental, and meperidine, manage-
ment was conducted under spontaneous respiration
“or partially by tracheal intubation. Epileptic surgery
then came to emphasize intraoperative electroen-
cephalography.? In the 1960s, neuroleptanalgesia
was introduced into anesthesia, and the combina-
tion of droperidol and fentanyl was considered espe-
cially useful for surgery in patients with temporal
lobe epilepsy because it had less influence on the in-
traoperative electroencephalogram.” In addition,
the development of a long-acting local anesthetic,
bupivacaine, facilitated awake craniotomy. As a
result, many procedures for intractable epilepsy em-
ployed neuroleptanalgesia.’”) Thereafter, short-act-
ing analgesics such as sufentanil and alfentanil were
introduced.? Propofol was introduced for awake
craniotomy because it is short-acting and has an-
ticonvulsant and antiemetic effects.’® It is now
widely used as the main sedative. Recently, new
anesthetics such as dexmedetomidine? and remifen-
tanil® have been introduced, while use of a laryngeal
mask has been initiated for airway management.'?
Because procedures that are not necessary during
ordinary general anesthesia, such as airway manage-
ment and treatment of intraoperative convulsions,
are required, we would like you to refer to these
guidelines for reliable and safe anesthetic manage-
ment. There is limited evidence about anesthetic
management during awake craniotomy, so the
methods in actual use and those recommended by
the review committee are presented. Also, because
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there is “awake surgery” in the cardiac surgery field
and the ‘“wake-up test” in orthopedic surgery, we
are using the term “awake craniotomy” here to dis-
tinguish awake brain surgery from those proce-
dures.
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2. Basic policy

i) Communicate with the surgeons and operating
room staff based on a detailed surgical and anesthet-
ic plan.

ii) To handle intraoperative respiratory problems
and rapidly changing risks, management and super-
vision by anesthesiologists who have acquired ex-
tensive experience with awake craniotomy is re-
quired.

iii) To safely manage rapidly changing intraopera-
tive conditions, ensure that backup anesthesiologists
are available in addition to the attending anesthe-
siologists.

iv) To allow smooth switching to general anesthe-
sia if the anesthesiologist considers it difficult to
continue awake craniotomy, establish a system for
cooperation with the surgeons and operating room
staff.

v) Do not use inhalational anesthetics that are ab-
sorbed and excreted by the respiratory system be-
cause a definitive airway is not established. (Inhala-
tional anesthetics that could possibly cause an in-
crease of brain volume should not be used because
of the uncertain management of PaCO, during
awake craniotomy.) Use propofol as the basic seda-
tive.

vi) Because management is performed under spon-
taneous respiration, carefully titrate the sedative
and analgesic drugs. Maximize the use of local
anesthesia for analgesia. (During the unconscious
period, management with controlled respiration via
the laryngeal mask airway [LMA], etc. is available.)
vii) Take measures to prevent nausea and vomiting
that could lead to respiratory complications.

viii) Electrical stimulation during functional map-
ping may induce convulsions, occasionally resulting
in inability to continue the procedure, which then
requires rapid countermeasures to be taken.

[Commentary]

Awake craniotomy was used for surgical treat-
ment of epilepsy in the early 20th century, and then
was applied to surgery for brain tumors, cerebral ar-
teriovenous malformations, and cerebral aneurysms
associated with important areas such as the motor or
sensory cortex and language cortex.2® The purpose
of awake craniotomy is to prevent brain dysfunction
induced by surgery and to precisely resect the dis-
ease focus in order to improve the patient’s progno-
sis and quality of life. The purpose of anesthetic
management is, while putting the patient’s safety
first, to remove psychophysical pain and allow the
necessary surgery to be done. Each of the sections in
these guidelines and the corresponding commentary
describe the details of anesthetic management for

awake craniotomy. Because there have not been
enough randomized controlled studies of anesthetic
management for awake craniotomy, management
that is not based on such evidence in these guide-
lines is based on the methods recommended by insti-
tutions familiar with awake craniotomy. Therefore,
if anesthetic management based on randomized con-
trolled study evidence is reported in the future, these
guidelines will be appropriately reviewed.

For successful awake craniotomy, the first point is
that the patient’s cooperation is essential. Second,
preoperative and intraoperative communication and
agreement among neurosurgeons, anesthesiologists,
and operating room staff familiar with awake
craniotomy is required. For anesthetic management,
it is necessary to establish the airway, stabilize
hemodynamics, and prevent increase of intracranial
pressure. Because management of PaCO, is more
difficult during awake craniotomy, inhalational
anesthetics that could possibly increase brain
volume should be avoided. Hence, sedation and
general anesthesia with propofol is currently the
standard for awake craniotomy. While the patient is
unconscious, respiratory management with an LMA
can be used. Each of the sections in these guidelines
describes the details of respiratory management.

During awake craniotomy, because scalp block
and infiltrational anesthesia for sufficient pain con-
trol require a large volume of local anesthetics, cau-
tion should be paid with regard to local anesthetic
toxicity.V During awake craniotomy, it is also neces-
sary to prevent adverse reactions such as nausea,
vomiting, and convulsions, and to deal with such
reactions immediately if they occur. If establishment
of an airway is difficult or if other adverse reactions
interfere with the patient’s safety, after discussion
between the anesthesiologists and neurcsurgeons,
awake craniotomy should be speedily discontinued
and switching to general anesthesia should be consi-
dered.¥
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3. Premedication

i} To allow complete intraoperative emergence, do
not administer premedication that could possibly
cause residual sedation.

ii) If there is no choice but to administer premedi-
cation, use a benzodiazepine that could possibly
produce antagonism.

iii) Make a decision about premedication with an-
ticonvulsants after consulting the patient’s physi-
clan.

[Commentary]

During awake craniotomy, it is important for
patients to be sufficiently awakened during surgery
to perform language and motor tasks that yield relia-
ble results, based on which the extent of resection is
determined. Therefore, as a matter of principle,
drugs that could affect emergence should not be ad-
ministered. For successful awake craniotomy, it is
crucial to build a relationship of trust among the
patient, the surgeons, the anesthesiologists, and the
operating room staff.! The establishment of such a
patient-centered relationship reduces the need for
sedatives. However, if sedatives have to be ad-
ministered, benzodiazepines are recommended as
antagonists are available. If surgery is being done for
a tumor, hypercapnia induced by sedation can possi-

bly result in an increase of intracranial pressure,

and this requires special caution.

Convulsions are one of the most significant com-
plications of awake craniotomy. Difficulty in ven-
tilating the patient when convulsions persist and
respiratory arrest occurs can lead to a fatal outcome.
Because the patient’s condition needs to be consi-
dered, preoperative administration of anticonvul-
sants should only be done after discussion with the
attending physician. Note that propofol also has an
anticonvulsant effect. With regard to other drugs
such as H2 blockers that are administered during
general surgery, the policy of the institution should
be adopted.

Among antiemetics, metoclopramide hydrochlo-
ride (Primperan®; Sanofi-Aventis K.K., Tokyo) is not
recommended because of potential adverse effects
caused by enhanced peristalsis. Some reports of dex-
amethasone being administered to control the in-
tracranial pressure and prevent vomiting have been
described in other countries. However, this proce-
dure is not covered by health insurance in Japan.
Also, propofol has a useful antiemetic effect.
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4. Basic monitoring and preparation

i) Monitor the electrocardiogram, invasive arterial
blood pressure, percutaneous oxygen saturation, ex-
piratory partial pressure of carbon dioxide, urine
volume, and body temperature.

ii) Create peripheral venous access for continuous
administration of anesthetics and blood transfusion.
iii) Procedures are performed without a secure air-
way, so careful respiratory management is needed.
Management can be done with spontaneous breath-
ing or assisted ventilation via the LMA, etc.

[Commentary]

Basically, comply with the guideline of the
Japanese Society of Anesthesiologists for installa-
tion of monitors. If sedation is used during awake
craniotomy, regardless of the method of establishing
the airway, different precautions from those during
tracheal intubation should be taken. If a device such
as the LMA is not used to establish the airway, pre-
cise management of PaCO, is difficult and careful
observation is necessary to assess the frequency of
breathing and the presence or absence of forced
respiration. Therefore, for good anesthetic manage-
ment, an environment that allows easy observation
of the respiratory status is required, including use of
transparent drapes to allow sufficient observation of
the patient’s mouth, neck, and chest. A stethoscope
taped to the chest wall is one method. Some nasal
cannulae have ports for measurement of expiratory
carbon dioxide, but sometimes accurate data are not
obtained, indicating limited usefulness. For manage-
ment with an LMA, even if spontaneous ventilation
is maintained, measure expiratory carbon dioxide
tension and support respiration if necessary. Venti-
lation does not often allow for sufficient respiratory
management, so an arterial cannula should be
placed for easy arterial gas analysis when needed.

There have been reports of air embolism during
awake surgery. Especially when surgery is per-
formed under spontaneous respiration without an
LMA, caution is required. In this case, end-tidal car-
bon dioxide is not so useful as described above, and
it is difficult to determine whether changes of satu-
ration of peripheral oxygen result from worsening of
respiratory status or air embolism.25 Upper airway
obstruction causes lower negative intrathoracic
pressure and may result in increased risk of air em-
bolism. Although a bispectral index (BIS) monitor is
generally considered to be useful, its value is limited



134 The Guidelines for Awake Craniotomy

and is not strongly recommended in the field of neu-
rosurgical anesthesia. There have been reports thata
BIS monitor is useful even if placed at sites other
than the forehead. However, because shaving of the
head recently tends to be minimized, the site where
the monitor can be placed is actually limited to the
forehead. Even if a pediatric BIS sensor is used, dis-
infectant or blood often enters the connections of
the sensors and interferes with analysis. In addition,
a BIS monitor is mainly useful on emergence, and its
value before that is limited by contamination from
electromyogram signals and noise from electric scal-
pels used during craniotomy.

Maintenance of the airway during awake
craniotomy is done by one of two methods; one
method is to depend on spontaneous respiration
with no devices and the other method is to use a
device such as the LMA. If a device is used, we can
rely on spontaneous respiration and, if necessary,
provide respiratory support, or we can actively per-
form ventilation. In Japan, the LMA has tended to be
used recently. Tracheal intubation is not recom-
mended since it is likely to interfere with an awake
study because of complications caused by emer-
gence-induced coughing and depressed laryngeal
function including hoarseness. Although a tracheal
tube can be placed in the pharynx via the nose for
respiratory support, if necessary, or emergency intu-
bation can be done with a bronchoscope, nasal
bleeding can become a problem. If management is
performed by spontaneous respiration without
devices, hypercapnia will become a problem, but
can often be dealt with by target controlled infusion,
avoiding narcotics, or large craniotomy.!*4 Partly
to decrease the dose of narcotics, it is important to
administer sufficient local anesthesia as described
in the next section.

If 3-point fixation is performed, it is assumed that
reinserting the LMA or tracheal intubation will be
difficult in some cases. It is important to test
removal and reinsertion of the LMA, to sufficiently
discuss measures to tracheal intubation when the ag-
gravation of the breathing state occurs during sur-
gery. Also, when 3-point fixation is employed, check
with the surgeons that the neck has not been twisted
or anteflexed. As it is known that more problems
related to the respiratory tract and respiration de-
velop in patients with a body mass index >30, be
careful about deciding to perform awake cranio-
tomy in such patients.?
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5. Admission, induction, and local anesthesia

i) Initiate oxygen delivery after validation of the
vital signs with a patient monitor.

ii) Induce anesthesia with only propofol, or in
combination with fentanyl/remifentanil. A target-
controlled infusion (TCI) system should be used for
propofol administration to precisely manage the lev-
el of sedation. The administration of fentanyl before
emergence should be minimal.

iii) Maintain general anesthesia under spontane-
ous respiration with a facemask, or under as-
sisted/controlled ventilation after insertion of an
LMA.

iv) Insert a urethral catheter.

v) Provide effective analgesia with local anesthet-
ics by infiltration at the site of skin incision, and/or
by selective nerve blocks of, for example, the
supraorbital nerve and the greater occipital nerve.
Ropivacaine is commonly used as a long-acting local
anesthetic.

[Commentary]

Management of general anesthesia with inhala-
tion anesthetics is ineffective when the airway is
poorly established. The main impediments are un-
certain delivery of the anesthetics and hazardous
contamination of the operating room with the
anesthetics. Propofol should be used as a hypnotic
agent. Propofol is an intravenous anesthetic drug
that permits faster and clearer emergence than inha-
lation anesthetics, which affect the electroen-
cephalogram and sometimes induce excitement at’
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emergence from anesthesia. A TCI system can
reasonably be used for propofol in order to maintain
an optimal hypnotic level by adjusting the effect-site
concentration of the agent, as the sedative effect de-
pends on the effect-site concentration. In the case of
anesthetic management without the TCI system, the
propofol administration should preferably be
managed by continuous infusion combined with
repetitive injection based on the effect-site concen-
tration calculated with pharmacokinetic simulation.
Opioids are sometimes used for sedation, but give
some residual effects to the consciousness level after
emergence. Remifentanil is therefore suitable in the
management of strong surgical stimulation before
emergence, as its effect rapidly disappears. It is also
reasonable to administer small dose of fentanyl
repeatedly, expecting only a slight residual analgesic
effect.

The airway before emergence is usually managed
with a facemask or an LMA. Airway management
under assisted/controlled ventilation and spontane-
ous respiration can be performed safely with LMA,
though it is generally difficult to extubate safely and
smoothly at awakening. The incidence of muscle
weakness in the conscious state is rare with LMA, as
muscle relaxants are not necessary for LMA inser-
tion. A nasogastric tube should not be inserted, as it
leads to discomfort in the pharynx, nausea, and
vomiting during the conscious state. Remove the
nasogastric tube before emergence if it has to be in-
serted during general anesthesia. Insert a urethral
catheter after induction of anesthesia, as the opera-
tion will take a long time.

The key to anesthetic management for awake
craniotomy is to achieve a “pain-free” state with
multimodal pain management. Since intravenous
anesthetics affect the state of consciousness and
respiration, local anesthetics are essential for as-
sured analgesia. This is achieved with the use of
long-acting local anesthetics such as ropivacaine or
bupivacaine, or lidocaine combined with epine-
phrine. Problems such as local anesthetic toxicity
did not occur even at a mean ropivacaine dose of 3.6
mg/kg in a study of the blood concentration of local
anesthetics for awake craniotomy. Local anesthetics
are administered by infiltration around pin fixation
and the site of the skin incision, along with selective
nerve blocks (supraorbital nerve, greater occipital
nerve, etc.) Gauze soaked with local anesthetics can
be pressed against the wound. Because direct con-
tact of local anesthetics with the brain parenchyma
causes central nervous system symptoms such as
convulsions, the administration of local anesthetics
after dural incision should be performed carefully.
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6. Before emergence

i) In principle, sedative and analgesic drugs should
not be used during the awake time. Check the sur-
geons’ preference for the level of consciousness
(level of sedation).

ii) Discontinue propofol after the dural incision
has been made. If sedation is to be continued, pro-
vide the required dose of propofol, etc.

iii) Closely monitor the patient because body move-
ments may occur suddenly during the course of
emergence.

iv) If an LMA and a gastric tube are used, confirm
spontaneous respiration before removal.

v) If the patient exhibits restlessness and cannot
keep still, intraoperative emergence may be aban-
doned after discussion with the surgeon and the
procedure may instead be performed under stan-
dard general anesthesia.

[Commentary]

Because the tasks and tests used for brain func-
tional mapping and electrocorticography to deter-
mine the extent of epileptic focus resection are
generally susceptible to sedative and analgesic
drugs, in principle, such drugs should not be ad-
ministered during the awake time. Since even anal-
gesics administered before emergence influence the
extent of emergence, check the neurosurgeon’s
preference about the tests and sufficiently control
the depth of anesthesia while considering the
patient’s preoperative condition. Poor emergence
may make functional assessment difficult.¥

During the period of strong surgical stimulation,
including scalp incision, muscle detachment, and
removal of the bone flap and dural incision, provide
adequate sedation and analgesia, and discontinue
propofol on completion of dural manipulation.?
Body movement sometimes occurs during emer-
gence as with other surgical anesthesia practice. Be-
cause sudden body movement can be more harmful
when the skull is fixed with head pins and opened,
sufficient vigilance is required and anesthesiologists
should be prepared to control body movement.
Anesthesiologists should promptly control major
changes in circulatory and respiratory systems,
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which often occur during this period.?) When a gas-
tric tube or LMA is used, check spontaneous respira-
tion and remove on emergence. Due to restlessness,
the patient may not remain still and cooperate with
functional tests.! If restlessness is considered to be
caused by excitation, pain, poor posture, low tem-
perature, residual anesthetic, or a painful urethral
catheter, deal with the cause. If the cause is
unknown or cannot be controlled, after discussion
with the attending surgeon, intraoperative emer-
gence may be abandoned and surgery may be dis-
continued or performed under general anesthesia.
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7. Awake period

i) In principle, systemic administration of seda-
tives and analgesics should not be done.

ii) For light sedation, administer propofol, etc. at
the minimum required dose. (There are reports on
the use of dexmedetomidine as a sedative. Use of
remifentanil in patients with spontaneous respira-
tion is not recommended because of respiratory
depression.)

iii) If the patient complains of pain, provide addi-
tional local anesthesia first.

iv) If nausea and/or vomiting occur: Discontinue
the surgical procedure, administer metoclopramide
or a serotonin receptor antagonist, and wait for the
subsidence of symptoms. Remove vomitus to pre-
vent aspiration. If symptoms are severe and do not
subside, consider sedation with propofol and dis-
cuss with the surgeons regarding the discontinua-
tion of awake craniotomy.

v) If convulsions develop: Discontinue the surgical
procedure, especially electrical stimulation. (If the
electroencephalogram is being monitored, the oper-
ation should be discontinued when the first spike is
seen.) Cool the brain surface with cold water. Ad-

minister propofol at a sleeping dose. Give an in-
travenous infusion of 250 mg of phenytoin. If con-
vulsions do not cease even after additional adminis-
tration of propofol, midazolam, or thiopental, dis-
continue awake craniotomy.

[Commentary]

During the awake period, as a general rule, sys-
temic application of sedatives or analgesics should
not be done in order to minimize the influence on
functional mapping or the identification of epileptic
foci. To deal with pain, add local anesthetics. If a
small dose of a sedative or narcotic is considered to
prevent worsening of the patient’s mental state and
excitation, the potential influence on functional as-
sessment should be assessed. Recently, there have
been several reports about anesthesia during awake
surgery in which dexmedetomidine or remifentanil
was used during the awake period.!?-8% However,
there have also been reports that poor emergence of
patients given dexmedetomidine required a de-
crease of the dose or discontinuation, and dex-
medetomidine is not covered by health insurance in
Japan. The use of remifentanil at low doses with
spontaneous respiration on emergence has also been
reported, but is not considered to be safe due to the
potential for respiratory depression or brain swell-
ing induced by hypercapnia, so this method would
require careful attention.

Although the incidence of nausea and vomiting
during awake surgery varies among reports, it has
been reported to be approximately 0-10% when
anesthetic management is primarily done with
propofol.® Nausea and vomiting, in addition to caus-
ing discomfort for the patient, increases the risk of
respiratory complications due to aspiration, and
body movement and increased brain swelling asso-
ciated with nausea/vomiting may make the surgical
procedure more difficult. Nausea and vomiting may
be induced by the surgical procedure or by use of
narcotics. At the onset, immediately discontinue the
surgical procedure and administer metoclopramide
or a serotonin receptor antagonist. However, seroto-
nin receptor antagonists are only available off label
in Japan, requiring the decision to be made at each
institution. If symptoms are severe and do not im-
prove, consider sedation with propofol and even
consider the discontinuation of awake craniotomy
in certain cases. Although there are some reports
about medications to prevent nausea and vomiting,
the efficacy during awake surgery is unknown.

The incidence of convulsions during awake
craniotomy depends on the underlying disease and
is reported to be approximately 0-24%.2% Convul-
sions are more likely to develop during electrical
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stimulation for brain functional mapping. If convul-
sions develop, discontinue electrical stimulation
during the surgical procedure and cool the brain
with cold Ringer’s solution or saline. If the elec-
troencephalogram is being monitored, discontinue
the procedure at the onset of a spike. Most convul-
sions cease with discontinuation of the surgical
procedure and cooling of the brain. If these meas-
ures are ineffective, administer propofol or
phenytoin at a sleeping dose. The preventative effect
of phenytoin has not been confirmed, so it is consi-
dered desirable to achieve an effective blood con-
centration before surgery. If convulsions do not
cease with additional propofol, midazolam, or
thiopental, discontinue awake craniotomy. There
has been a report that intractable convulsions re-
quired general anesthesia with tracheal intubation.”
During awake craniotomy, it is necessary to be pre-
pared for emergency transition to airway manage-
ment or general anesthesia at any time.
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8. Reinduction and completion of craniotomy

i) When the cooperation of the patient is not re-
quired any further, induce sedation with propofol.
ii) In principle, manage the patient with spontane-
ous respiration. However, if the airway needs to be
secured because of oversedation, use the LMA.
(Anesthesiologists who are experienced in handling
the LMA may perform anesthetic management by
deliberately using it at closure.)

iii) If needed, add more local anesthesia. However,
if there is evidence of local anesthetic toxicity, dis-
continue additional anesthesia and provide necessa-
ry treatment such as establishment of an airway and
countermeasures for convulsions.

iv) If the airway is established with an LMA, the re-
quired dose of fentanyl or remifentanil can be given
for analgesia.

[Commentary]

Propofol is generally used as the anesthetic at the
end of craniotomy, as it is during craniotomy.?
Determine whether tumor resection will be per-
formed in the awake state or under sedation with
propofol, considering the conditions at each institu-
tion and each patient. Some surgeons want patients
to be re-awakened after tumor resection to check for
neurological symptoms.V Insertion of an LMA
should be done via a lateral caudal approach and re-
quires some degree of proficiency when the head is
fixed with pins. There is a risk of difficulty with air-
way establishment or vomiting and is recommended
for at least two anesthesiologists to be involved in in-
serting the LMA. After establishment of the airway
with an LMA, management can be achieved by con-
trolled respiration with remifentanil or fentanyl. If
establishment of the airway takes a long time,
tracheal intubation? can be considered. If establish-
ment of the airway is not done, add further local
anesthetic to continue surgery. Preparations should
be made to allow for establishment of the airway
with an LMA immediately after a sudden change of
the patient’s state, such as the onset of convulsions.
If analgesia is insufficient, add a small dose of fen-
tanyl. Caution is required with regard to the use of
remifentanil with spontaneous respiration during
craniotomy, as on emergence.
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