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Resection of brain tumors may cause neurological sequelae, according to the site and size of the brain tissue removed.
Awake craniotomy has been proposed as a surgical approach to satisfy criteria of radical surgery while minimizing eloquent

brain damage.

The most critical aspect of awake craniotomy is to maintain adequate patient comfort, analgesia, immobility and cooperation
during a long surgical operation, ensuring in the meanwhile the safety, control and maintenance of vital functions.

Apart from pharmacological, surgical, technical knowledge and skillfulness, the ability to maintain close psycho-emotional
contact and support with the patient throughout the operation is a fundamental task that the anesthesiologist has to pursue
for the operation to be successfully managed.
This review summarizes the current opinion on anesthetic management of patients undergoing awake craniotomy.

Key Words: anesthesia, awake crani-
otomy, brain mapping, brain tumor,
neuro-oncology

Introduction

The main challenge of oncological sur-
gery is the radical removal of a tumor. A
general assertion states that the larger
the resection the lower the risk of recur-
rence of the lesion and the higher the
chance of the patient's survival. But an
extensive tissue excision may favor the
occurrence of an unpredictable degree
of functio laesa, depending on the
location of the malignancy. Particularly
in neuro-oncology, the neurological
sequelae due to tumor excision may
cause severe disability compromising
the patient’s social life. Therefore, the
aim to remove the maximum amount
of lesion without impairing neurological
function, has pushed the physicians
and industry to develop sophisticated
surgical approaches to be performed
in awake and responding patients, so
as to evaluate neurological dysfunction
before tissue removal.(1)
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Awake craniotomy dates back to the
second half of the 19th century, and at
that time, the indication was epilepsy
surgery performed under local anesthe-
sia. Subsequently, this surgical practice
has been extended also to the resec-
tion of tumors involving the functional
cortex and finally, in more recent years,
the indications have further extended
to include the removal of supratentorial
tumors, regardless of the involvement
of the cortex. (2)

Craniotomy in awake patients has
evolved and extended its indication
as a direct consequence of the follow-
ing driving forces: the huge improve-
ment of diagnostic tools; the impressive
development of intraoperative func-
tional neurosurgical technology; the
enhancement of anesthesia monitor-
ing devices, the pharmacokinetic and
pharmacodynamic properties of the
new anesthetic agents and the modal-
ity by which they are delivered to the
patients. (1)

The main advantage for the awake
neurosurgical approach is to facilitate

intraoperative electrocorticography and
cortical mapping for the accurate iden-
tification of brain areas which control
motor function and speech. (3)
Functional magnetic resonance
imaging has produced considerable
progresses in non-invasive mapping
of brain functional areas, allowing very
early tumor stratification. However, its
employ during surgery is not feasible
on a routine basis and intraoperative
testing of language and motor function
continues to be the gold standard for a
radical surgical resection while minimiz-
ing eloquent brain damage.

Apart from tumor anatomical loca-
tion, mandatory prerequisites for
awake craniotomy are a fully coopera-
tive patient and optimal collaboration
between anesthesia and neurosurgical
staff, to realize what is defined as func-
tion-controlled neurosurgery. (4,5)
Indeed, evolution of general anesthesia
inneurosurgery has permitted adequate
control of vital parameters, neurological
function and intracranial pressure; at
the same time these aspects ensure
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optimal working conditions for the neu-
rosurgeon; but intraoperative monitor-
ing of functional lesions of the central
nervous system is severely inhibited by
general anesthesia: some higher corti-
cal brain functions (i.e. speech) cannot
be monitored during surgery.

Anesthesia technique:
general statements

“Awake craniotomy” is a misleading
term. Because the different surgical
phases require various levels of seda-
tion, the patient is maintained com-
pletely awake only during the mapping
procedure, which requires patient coop-
eration, and during the early resection
of the tumor.

Providing appropriate sedation and
analgesia for awake craniotomy is a
challenge for the anesthesiologist. A
continuous and rapid modulation of
sedation and analgesia level is abso-
lutely necessary to manage painful sur-
gical stimuli and specific neurophysi-
ological responses (cortical stimula-
tion or speech testing). Of the utmost
importance, the patient must be awake
and alert during brain mapping. (6) In
the meantime vital functions have to be
ensured, as well as emergency support
if deterioration of clinical status should
oceur.

Several combinations of sedation,
analgesia, and anesthetic techniques
have been described in the medical
literature. The “asleep awake asleep
technique”, includes an initial phase of
general anesthesia, eventually with the
insertion of a supraglottic airway device,
followed by intraoperative awakening
for language mapping during tumor
resection, and finally, back again to
general anesthesia during the crani-
otomy closure. Monitored anesthesia
care or conscious sedation technique,
requires the use of short acting anes-
thetic agents combined with local
anesthesia during the painful phases of
surgery. (7,8)

Whatever the strategy of anesthesia
chosen, the final goals are to allow the
neurosurgeon to take advantage of the
patientzs cooperation and preserve
general homeostasis. The anesthesia
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technique selected requires optimal
analgesia during nociceptive stimula-
tions; sedation, anxiolysis, immobility
and comfort during mapping and the
resection procedure and, finally, pre-
vention of side effects such as nausea,
vomiting and seizures. Maintenance
of a patent airway, adequate ventila-
tion, hemodynamic stability and brain
relaxation is mandatory. (1)

Awake cranial surgery has specific risks
and patients are exposed to increased
physical and mental stress. In addition
to the classical issues commonly rec-
ommended before any type of anesthe-
sia, the anesthesiologist should pay
particular attention to other specific
points:

- he/she must predict a difficult intu-
bation and detect any risk factor that
could favor upper airway obstruction or
respiratory depression, such as obesity
or sleep apnea syndrome

- when dealing with epileptic patients,
he/she should be aware of the type
and frequency of seizures as well as the
anticonvulsant therapy

- the anesthesiologist should evaluate
the degree of intracranial hypertension
according to clinical signs and imag-
ing

- hemorrhagic risk of the procedure,
depending on type of lesion, clinical
history and routine medications have
also to be taken into account

- degree of anxiolysis, tolerance to pain
and any neurological deficit that could
impede the patient’s cooperation dur-
ing surgery, are crucial factors to be
accurately considered too.

An essential feature of patient informa-
tion during preoperative assessment
is an accurate and detailed explana-
tion of the procedure (i.e. intraopera-
tive sounds of surgical instruments,
head immobilization, voices...). The
patient must be informed regarding the
sequence of events occurring during
surgery as well as the possible compli-
cations, in order to minimize fear about
surgery and anesthesia. Obtaining the
patient’s confidence and agreement
for cooperation during surgery is a fun-
damental factor for a successful pro-
cedure. (1,9) Specific problems such

as agitation, restlessness and lack of
co-operation, may become a serious
concern during awake brain surgery.

It is imperative that candidates for an
awake craniotomy are psychological-
ly prepared to be actively involved in
the procedure: the cognitive level and
motivation of the patient is a key to
success!

Many of the early reported anesthetic
protocols concerning awake-asleep-
awake techniques that often require
elaborate maneuvers of intraoperative
airway management, or relatively deep
intravenous sedation with drugs that
have a slow offset of action. Sarang
and Dinsmore retrospectively exam-
ined three different anesthesia tech-
niques: sedation with propofol, fenta-
nyl, droperidol and midazolam; asleep-
awake-asleep with propofol infusion,
i.v. fentanyl and spontaneous ventila-
tionvia a LMA; an asleep-awake-asleep
anesthesia with propofol and remifen-
tani and IPPV via a LMA. All these pro-
cedures guarantee reasonable patient
comfort and satisfaction, but the deep
sedation they produce, can jeopardize
the benefits of the functional intraopera-
tive testing. (7)

Nowadays, propofol is the first choice
hypnotic; it can be administrated using
a target control infusion technique.
Propofol associated with remifentanil,
which has a very short half life, causes
a rapid and fine modulation of sedation
depth; furthermore an accurate titra-
tion of both drugs allows avoidance of
devices for airways control. (10,11)
The techniques described for more
secure airway protection include
endotracheal intubation and awakening
without endotracheal tube withdrawal
(disallowing vocalization testing); extu-
bation and re-intubation after testing;
placement, removal and replacement
of a LMA. (7,12) Non-invasive posi-
tive pressure ventilation has also been
described. (13)

Alfa 2 agonists clonidine is often used
as an analgesic co-adjuvant. Dexmet-
edomidine appears to be of increasing
interest because it seems to provide
sedation closer to natural sleep, it gives
anxiolysis and analgesia, decreases
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the need for opioids and antihyperten-
sive drugs and it does not interfere with
respiratory function. (14,15,16) Unfortu-
nately, at the moment it is not yet avail-
able in most European countries.

Airway management

Airway care is a major challenge dur-
ing surgery in awake craniotomy, and
respiratory complications are the most
feared, especially duringanunprotected
airway sedation technique. Whichever
technique of awake craniotomy used,
it is essential, for the anesthesiologist,
to anticipate respiratory complications
(low SpOs, increase in EtCOo, hypov-
entilation or airway obstruction) and to
have a plan of action and the required
equipment to deal with difficult airway
management. (4)

The anesthesiologist dealing with
awake craniotomy has to be aware of
the difficulties in predicting the indi-
vidual right dose of a drug for an awake
and anxious patient, as well as respira-
tory complications due to a post critical
state after seizures (table 1).

For successful anesthesia manage-
ment, accurate selection of the patient
as well as clinical examination to detect
risks factors, are mandatory. Also, fine
tuning of pharmacological titration,
accurate monitoring of respiratory rate
and expired COo and constant free
access to the airways are essential for
a positive outcome. (1,2)

Anesthesia technique:
personal experience

In our institution we routinely perform
monitored anesthesia care for awake

craniotomy since 1999 (n=173 patients)
allowing the patient to breath spontane-
ously without any tracheal or laryngeal
device to protect their airway.

Our standard anesthesia technique
includes lorazepam (0.03-0.04 mg/kg)
per os the evening before surgery if
required. No preoperative sedation
is dispensed on the day of surgery.
When entering the operating room, all
patients receive midazolam 0.03-0.04
mg/kg and clonidine 1-1.5 u/kg before
positioning intravenous and intra arte-
rial catheters. Routine monitoring in the
operating room includes: ECG 3 lead
system, SpO2, invasive blood pres-
sure, end-tidal carbon dioxide, respi-
ratory rate and hourly urinary output.
Oxygen is administrated via a nasal
catheter based on SpO2 value.
Benzodiazepine administration could
be criticized, because their effect on
vigilance is unpredictable and it could
interfere with functional brain map-
ping. This issue is not confirmed by our
experience, bearing in mind that inter-
val elapse between benzodiazepine
administration and electrophysiologic
mapping of cortical areas (when the
patient has to be awake) is at least 2
hours.

The patient receives additional i.v. rani-
tidine (50 mg), ondansetron (4 mg) and
dexamethasone (0.25 mg/kg). Medica-
tions used to treat coexisting illness are
kept maintained until surgery.

Once hemodynamic, respiratory and
neurological monitoring has been
completed, sedation is deepened with
remifentanil (0.02-0.1 ug/kg/min) to
obtain an adequate level of analge-

sia and sedation. The surgical field,
supraorbital, auricular, temporal and
occipital nerves are infiltrated with
naropine 0.75% or with a mixture of
bupivacaine 0.5% and mepivacaine 2%
(up to 30 ml). Throughout the operation,
contact between patient, neurosurgeon
and anesthesiologist is maintained
constantly; the physicians will inform
the patients about all the phases of the
operation and the patient will communi-
cate any discomfort to the physicians.

During patient positioning, it is strongly
recommended to avoid an extreme tor-
sion of the cervical spine. At any time
during the procedure when excessive
pain is expected, such as pterional
surgical approach for temporoinsular
lesions or for large tumors, additional
anesthesia is given by starting with a
propofol bolus of 0.5/1 mg/kg, followed
by a continuous infusion with a rate of
1.5-2 mg/kg/h, aiming to effect-con-
trolled titration; remifentanil infusion is
maintained at lower doses. During the
surgical procedure some additional
medication may be necessary, like
rapid infusion of mannitol (0.5g/kg),
urapidil or labetalol to control blood
pressures. Hypotension (mean arte-
rial pressure< 60 mmHg) is treated
with rapid infusion of colloids or crystal-
loids and with ephedrine. During awake
patient electrical stimulation, temporary
loss of neurophysiological function is
possible. It must be stressed to the
patient that a sudden loss of ability to
speak or an appearance of a motor
block is a temporary functional disor-
der and not a permanent one. In our
daily practice, we don't use propofol

Table 1. Complications in awake craniotomy. nr=not reported, a= retrospective review remifentanil, midazolam and
clonidine; b= retrospective review propofol infusion; discontinuation for brain mapping and Ecog; c= retrospective
review fentanyl, droperidol or midazolam, propofol infusion; d= prospective trial propofol remifentanil and clonidine;
e= prospective trial, 2 groups in spontaneous breathing propofol vs fentanyl and DBP; f= prospective trial, 2 groups
fentanyl and propofol vs remifentanil and propofol.

Study Saltarini/Zorzi®  Skucas®  Sarang®  Berkenstadtd Herrick®  Manninenf
Patients N° 173 332 99 25 37 50
Airway obstruction % 0.5 1.8 7 4 5/0 18
Hypoxemia SpO2<90% 1.7 1.5 nr nr nr nr
Hypercapnia % 57 nr nr nr nr nr
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Table 2. Incidence of complications in awake craniotomy. a=2 groups remifentanil vs remifentanil and propofol
g=prospective trial n=30; 3 groups fentanyl vs sufentanil vs alfentani. Other symbols as in Table1.

Study Saltarini  Saltarini  SkucasP Sarang® Berkenstadid Herrick® Manninenf  Gignac9
Zorzi Zorzi@

Nausea % 0.8 5.8 0.9 nr 0 10-18 0 50-30-70

Seizures % 11 8.7 3 0 8 0-41 0/16 10-30-10

infusion after the mapping procedure.
We made this decision to avoid interfer-
ence with further electrocortical stimu-
lation, if required by the neurosurgeon.
Remifentanil infusion is constantly
maintained until the closure of the dura
mater, muscular fascia and skin. To
improve patient comfort we use low
doses of midazolam or continuous infu-
sion of clonidine (0.3 u/min). At the end
of surgery, the patient receives long
acting opioids (morphine 0.1 mg/kg)
and i.v. paracetamol. If surgery didn’t
incur any complications, the patient will
be monitored in the recovery room for
60-90 minutes and discharged to the
ward as usual. (14,17)

Complications

Complications of awake craniotomies
include seizures, swelling of the brain,
nausea and vomiting, decreased level
of consciousness, neurological deficit,
pain and loss of patient cooperation.
Onset of new seizures is a common
presentation for a patient with a brain
tumor and they may occur unexpected
at any time. Most intraoperative sei-
zures may occur during brain map-
ping (5-20 % of cases), as a result of
decreased levels of anticonvulsants, or
as a result of local anesthetic toxicity.
These seizures may be focal or general
and are usually self-limiting. Seizures
that occur after rigid head fixation has
been applied are particularly frighten-
ing. (6,18,19)

In our experience we report intraopera-
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tive seizures in 11% of cases. Therapy
included cortical irrigation with cold
ringer’s lactate or small doses of propo-
fol or benzodiazepines (diazepam 0.06
mg/kg or midazolam 0.04 mg/kg). Dur-
ing the post-ictal stage, if airway control
is in jeopardy, tracheal intubation may
be theoretically necessary: in our study
five patients experienced generalized
seizures that required conversion to
general anesthesia.

The incidence of complications we
report with our anesthesia technique
is in accordance with those reported in
other studies (table 2). Brain swelling
was never a problem; other studies
reported an incidence of tight brain of
1.4% (Costello and Archer studies) and
0.6% in Skucas work.

The incidence of nausea and vomiting
is variable, depending on the patient’s
history, type of lesion, medications, and
anesthesia (table 2). Surgical manipula-
tion during dural stripping, temporal
lobe or amygdale manipulation, menin-
geal vessels handling, inadequate
analgesia and hypovolemia may all
contribute to nausea and vomiting. It
can be minimized by a judicious selec-
tion of anesthetic drugs combined with
the administration of steroids and spe-
cific anti-emetic medication. (6,19)
Finally, another complication could
be the patient’s refusal to cooperate.
Such events may be due to different
reasons including bad preoperative
preparation, inappropriate and exces-
sive sedation, insufficient analgesia,

uncomfortable position and a too long
surgical procedure. Some of them can
be prevented, but the loss of patient
cooperation, imposes conversion to
general anesthesia for safe conclusion
of surgery. We never stop to point out
that complications may have disastrous
consequences and should be prevent-
ed rather than treated.

Conclusions

Neurosurgery in awake patients is an
exciting challenge and has become
common practice in many surgical cent-
ers. The awake craniotomy for tumor
surgery has become a well-established
procedure, although the anesthetic
management will continue to differ for
each institution. Our experience is in
accordance with data in the literature,
which reports this procedure as feasible
and safe. New technologies are appear-
ing on the horizon such as infrared cam-
eras to detect functionally active areas
of cortex during operations, as well as
other established advanced techniques
of imaging to guide surgeons and allow
complex operations to be performed
faster and with fewer complications.
But in spite of all of these technologi-
cal conquests, the ability and the skill
of the anesthesiologist to set up the
right pharmacological titration as well
as its sensitivity to maintain close psy-
cho-emotional contact with the patient
throughout the entire operation will still
remain one of the key challenges for a
successful outcome.
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