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ABSTRACT

Neurosurgery in awake patients incorporates newer technologies that require the
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anesthesiologists to update their skills and evolve their methodologies. They need
effective communication skills and knowledge of selecting the right anesthetic drugs to
ensure adequate analgesia, akinesia, along with patient satisfaction with the anesthetic
conduct throughout the procedure. The challenge of providing adequate anesthetic
care to an awake patient for intracranial surgery requires more than routine vigilance
about anesthetic management.
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INTRODUCTION

It is known that in ancient times, patients were treated for
seizures by trepanation of the skull."” Hippocrates, in
“On Injuries of the Head,” endorsed trepanation for the
treatment of head wounds.

Awake craniotomy was introduced for surgical treatment
of epilepsy, and has subsequently been used in patients
with supratentorial tumors, arterio-venous malformation,
deep brain stimulation, and mycotic aneurysms near
critical regions of brain.’*! During awake craniotomies,
active participation by the patient is necessary to
facilitate cortical mapping as response to stimulation of
the cerebral cortex guides the surgeon’s intraoperative
decisions. Awake craniotomy offers the unique possibility
of reducing postoperative morbidity, facilitating early
discharge from the hospital.*'” The primary goal of the
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anesthesiologist is to make the operation safe and effective
by reducing the psychophysical distress of the patient,
who has an open skull with a surgical team manipulating
the contents.

Different protocols exist for anesthetic care during awake
craniotomy based on monitored anesthesia care (MAC)
or general anesthesia (asleep-awake-asleep technique).
Nevertheless the administration of anesthetics, expectedly,
is not without drawbacks, side effects and risks. A new
approach for awake craniotomies emphasizes the need of
adequate communication with patients.!"'!

In this review we compare techniques and new advances
in providing anesthetic care for this surgical procedure. We
also discuss outcomes of various anesthetic approaches
to awake craniotomy and analyze the results of awake
craniotomy itself.

MATERIALS AND METHODS

A thorough PubMed and Medline literature search was
conducted for studies investigating the use of key words
“awake craniotomy,” “scalp block,” “asleep-awake-asleep,”
“awake-awake-awake,” in patients for intracranial surgeries.
Complete manuscripts were studied and only those that
reported on original studies with human subjects or
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preclinical studies and were published between 1990 and
2013 were included.

HISTORY

The first brain mapping with electrical stimulation in
humans was generated by R Bartholow in 1874.1') A decade
later, Horsley applied electrical stimulation to human cortex
to localize sources of seizure under local anesthesia.l”’
Davidoff (1934) began to combine local anesthesia and
sedation, while Wilder Penfield used sedation following
mild electric current to locate the source of the seizure
activity and could potentially remove or destroy the
specific cerebral tissue" He advocated that the patient
remain conscious and alert during the procedure so that
the surgeon is forewarned about the aura, motor weakness
or sensory changes by the patient at the onset of a seizure.
His technique of preferred sedation only following electric
stimulation testing was often successful, reproducible and
was accepted worldwide for epilepsy and brain tumor
surgery." In 1950s, Pasquet tried general anesthesia after
testing with local anesthesia.!'*

The first important change in the standard of anesthetic
care for awake craniotomy dates back to 1959, when De
Castro and P Mundeleer introduced neuro-leptoanesthesia
(haloperidol and phenoperidine) administration.!"”!
In 1988, Archer studied 354 awake craniotomies for
cortical resection of epilepsy using local anesthesia
and intravenous fentanyl with droperidol."! Welling
replaced fentanyl with alfentanil.'”! Four years later, DL
Silbergeld published his landmark study using propofol
sedation in awake craniotomy." Silbergeld’s work is
largely considered to be the second great advance in the
field of awake craniotomy. Propofol infusion became
popular during awake craniotomies for its rapid onset,
titrability, and short recovery time. Subsequent studies
have largely focused on propofol sedation in combination
with different opioids,"”*! in addition to examining
technical aspects of the procedure (laryngeal mask airway
[LMA]," bispectral index [BIS], and target-controlled
infusion [TCI]).

ANESTHETIC CONSIDERATIONS

Modern anesthetic approaches may be generally divided
as follows: Monitored anesthesia care (MAC)®! and
asleep-awake-asleep (AAA) and recently a new approach
of awake-awake-awake technique. The success of each
different anesthetic technique depends on several factors:
* Appropriate patient selection

e Preoperative psychological preparation

*  Rapport building between patient and anesthesiologists
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e Comfort in patient positioning

*  Appropriate scalp nerve block

*  Anesthetic technique selection

* Appropriate intraoperative monitoring
*  Continuous team communication

Appropriate patient selection

Not all patients are fit for awake craniotomy. A team
of neurologists/neurosurgeons/anesthesiologists and
neurophysiologists together select the right candidate.
Through pre-operative assessment of airway and other
premorbid conditions like sleep apnea, mental impairment,
personality disorder, pre-existing paralysis, brain swelling
and profound dysphasia is quintessential.

Preoperative psychological preparations

The anesthesiologist must gain the patient’s confidence,
as the patient will depend on him during the procedure.
Prior to surgery, the patient must be informed about
realistic description of the operating room, expected
discomforts and level of co-operation expected, potential
risks, safety measures and stages of the procedure. The
anesthesiologist must not conceal the potential presence
of sounds (monitor alarms, cranial drilling, elektroknife,
ultrasonic surgical aspirator) or discomforts (unchangeable
position, aphasia during cortical mapping) from the patient.
The patient must understand that these discomforts are
essential for the success of the procedure. A visit to the
operating room before surgery in order to familiarize the
patient with the sounds and equipment in the rooms is a
good idea. The patient should be explained the tasks that
will be performed for speech and motor testing. Questions
should be encouraged and if possible speaking to a prior
patient who has undergone this procedure successfully in
the past can be invaluable.

Comfort in patient positioning

The patients comfort is of utmost importance. The
operating room temperature must be appropriate; the
surgical table must be covered with soft, thick dressing, and
the surgical team must be instructed to speak softly and
move only if necessary. It is important to study the position
of the instruments in order to minimize unnecessary
movements of objects and personnel. The patient’s
face must be in a position that allows him to look at the
anesthesiologist and at pictures during brain mapping, but
must also be accessible for adequate access to airway during
emergencies. An audio-video recorder system should be
used so that the surgeon can see and hear the patient’s
responses during cortical mapping.**

Premedication
Premedication with sedatives and anticholinergic in
patients is quite controversial, and decisions should
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be made based on the patient’s clinical condition and
the anesthetic technique. Midazolam and clonidine
are among the most efficacious agents. Antiemetic
prophylaxis is desirable as a preventive measure. Low
dose propofol administration is useful to prevent
petioperative nausea and vomiting.”! The majority of
antiemetics used were metoclopramide (10 mg)?%?7
ondansetron (4-8 mg).?! droperidol (0.625-2.5 mg)!"*"!
and dexamethasone (4-16 mg).P"*?

Scalp block

Scalp block is quite indispensable for an awake
craniotomy. The branches of cranial nerves blocked
are supratrochlear, supraorbital, auriculotemporal,
greater and lesser occipital, great auricular, zygomatic
and infraorbital nerves. Local anesthetic (40-60 mlL)
with epinephrine assures long duration of block. Large
volume of local anesthetic and well-vascularized areas
predispose to anesthetic toxicity hence individual nerve
blocks are preferred over wide areas of infiltration to
decrease probability of LA toxicity. The use of adrenaline
(5 pg/mlL, 1:200 000 dilution) both minimizes acute rise
in plasma concentration and maximizes the duration of
the block. Clinical hyper vigilance is particularly indicated
within the first 15 min after scalp block.P*** Bupivacaine
is still the most commonly used local anesthetic but
ropivacaine and levobupivacaine appear to be safer than
bupivacaine.” In awake-awake-awake technique 28 ml
ropivacaine 0.75% with epinephrine 1:200000 and 9 ml
of a 1:1 mixture of ropivacaine 0.75% and prilocaine
1.0% at pin sites was used to avoid delay to full effect of
the scalp block.

Monitored anesthesia care

According to the American Society of Anesthesiologists,
monitored anesthesia care is a specific anesthetic protocol
that includes careful monitoring and support of vital
functions. The ASA recommends that the provider of
MAC be qualified and prepared to convert to general
anesthesia if necessary.’® With regards to awake
craniotomy, this type of anesthetic care has developed
from the logical evolution of pioneering experiences
using neuroleptoanalgesia. The introduction of propofol
use has favored this evolution by allowing better patient
management.!'* After Silbergeld’s publication, !
Gignac compared droperidol administering combined
with fentanyl, alfentanil, or sufentanil in 30 patients
and concluded that there was no difference between
fentanyl and newer opioids in awake craniotomy.!"!
Herrick proposed patient-controlled sedation (PCS) with
propofol as a valid alternative to neuroleptoanalgesia.
Neuroleptanalgesia (Droperidol+Fentanyl) was popular
but discontinued for prolonged sedation, seizure and QT
prolongation predisposing to cardiac dysrhythmias. The
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diffusion of new short-acting drugs such as propofol
and remifentanil has simplified sedation and allows for
rapid awakening in 5-20 min. Since this study, all awake
craniotomy published protocols have included propofol
administration except Manninen’s study!"” and some
dexmedetomidine regimens.”*

Propofol is widely employed for awake craniotomy
because of its easily titratable sedative effect and rapid
recovery with clear-headedness.” Propofol decreases
cerebral oxygen consumption, reduces intracranial
pressure, and has potent anti-convulsant properties.[*]
Propofol also has antiemetic properties and may be
administered using a target controlled infusion (TCI)
technique.?’*****'TCI allows drug titration, allowing the
anesthesiologist to predict time for arousal after long-term
infusions and avoid oversedation. Normally, propofol
infusion for TIVA is set to 100-200 mcg/kg/min; this
does not appear to interfere with electrocorticography
(ECoG) if infusion is stopped 15 min before recording
according to Herrick™ and 20 min in pediatric settings."*"
Some employ propofol sedation only in combination with
local anesthesia and without opioids infusion and are able
to achieve good pain control.**l

Propofol (75-150 mcg/kg/min) is usually combined with
different opioids alfentanil (0.25-0.75 mcg/Kg/min)
or fentanyl (0.5-1 mcg/Kg/ht). Alfentanyl can cause
epileptiform discharge in hippocampal region so it is used
with caution in cases of complex partial seizure. Recently,
fentanyl has been replaced by low-dose remifentanil
(0.02-0.05 mcg/kg/min).

Remifentanil, a clinically versatile opioid is useful for
intravenous analgesia and sedation in spontaneously
breathing patients. Remifentanil has favorable
pharmacokinetic properties and is minimally altered by
extremes of age or renal or hepatic dysfunction. These
properties enable easy titration and rapid dissipation of
the clinical effects of this agent. In fact, remifentanil’s
context-sensitive half-life is very short even after prolonged
infusion. This short-acting opioid at a low-dose infusion
(0.1 pug/kg/min) appears to not interfere with ECoG
although additional specific studies on this effect are
needed.!*!

Commonly, both propofol and opioid infusion are
discontinued about 15 min before brain mapping and are
resumed at the beginning of closure of the dura. With
propofol and remifentanil combination, infusions are
stopped about 9 min before.

In MAC, clinical vigilance concerning respiratory function
is necessary throughout the procedure.
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During this anesthetic technique, airway management is
minimal and non-invasive. In most centers, patients receive
supplemental oxygen »iz nasal trumpets or facial mask.
Nasopharynx cannula may be a good alternative choice”*!
but is rarely used because of the risk of nasal bleeding,
however, once positioned correctly it is well-tolerated
and allows ventilation support if a mechanical ventilator
is connected and mouth and opposite nostril closed.*)
Airway obstruction occurs with variable but not negligible
frequency (0-20%), leading to oxygen desaturation and
hypoxic episodes (0-20%).

Asleep-awake-asleep technique

This approach consists of general anesthesia before and
after brain mapping. In the 1950s, Penfield,*" Hall*"l and
Ingvar,*! used nasotracheal intubation to maintain the
tracheal tube during craniotomy for intractable epilepsy.
Hall administered succinylcholine as continuous infusion
to obtain generalized muscle relaxation, and Ingvar
administered a local anesthetic in the airways through a
fine catheter with small holes (but none of these patients
could speak during brain mapping!). In 1993, Weiss placed
a tracheal tube in one nostril at 22 cm in order to support
ventilation during propofol administration with N,O
general anesthesia.[*)

In 1998, HunckeP” described their experience with 10
patients who, after local anesthesia, underwent awake
fiberoptic intubation at the beginning of the procedure and
again after cortical mapping (two orotracheal intubations
and eight nasotracheal intubations). The tracheal tube was
modified by attaching a fine catheter with multiple holes
for topical delivery of local anesthetic.

In recent years, LMA has been widely used for awake
craniotomy with patients under spontaneous breathing
protocols. These patients are supported with mechanical
ventilation only if necessary.”*"** Shinokuma desctibed
a case in which the laryngeal mask was left in place
throughout the procedure with clear and comprehensible
phonation.”” Finally, others used LMA only during the
first part of surgery and finished the craniotomy by
providing sedation (this technique was named asleep-
awake).P" Even if LMA cannot ensure the same airway
protection as a tracheal tube, it has renewed great interest
because it was a recent, accessible, and well-known device.
Different techniques of LMA positioning have been widely
described? in awakel'*! and in both lateral and semi-
sitting positions.¢

The AAA technique has been successfully performed using
a cuffed oropharyngeal airway (COPA),Il nasal mask with
BiPAPO, or proportional-assist ventilation support.[*!
Schulz suggested placing a nasotracheal tube with the tip
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above the rima glottidis throughout the procedure and
if necessary the tracheal tube may be advanced into the
trachea under fiberoptic guidance.’” Gonzales recently
described the use of two nasopharynx cannulas combined
with pressure support ventilation in an obese patient.[”)
Laryngeal mask airway offer significant advantages over
tracheal tube approaches, including avoidance of inserting
the laryngoscope or the need for head extension, easier
placement in difficult patient position, and reduced
incidence of coughing and gagging during emergence.
ProSeal LMA may be used because it incorporates a
second tube permitting blind insertion of a gastric tube,
thus reducing risks of gastric insufflation and pulmonary
aspiration. As patients are in lateral position, preformed
LMA may also be used.

Nowadays, the AAA technique is commonly performed
by administering propofol and remifentanil. Propofol,
compared to volatile anesthesia, increases cerebral
perfusion pressure, decreases neurophysiologic monitoring
interference, appears to ensure neuroprotection, and
decreases the incidence of nausea and vomiting.” The
AAA technique offers the advantages of good airway
control, adequate deep sedation, and the patient does
not have pain/discomfort. Nevertheless, this anesthetic
approach is more complex than MAC, particularly when
repositioning of an airway device is necessary for closure
(while the patient is often in the lateral position with his/
her head fixed to the Mayfield head holder).

Awake-awake-awake technique

Hansen suggested that temporary anesthesia used for awake
craniotomy involved substantial risks like hemodynamic
instabilities, airway obstruction, hypoventilation, nausea
and vomiting, agitation and interference with cortical
mapping. They tested the need for sedatives and opioids
in patient undergoing awake craniotomy for brain tumor
resection in eloquent or motor brain areas when cranial
nerve blocks, permanent presence of a contact person and
therapeutic communication are provided.

The fundamental idea of awake-awake-awake craniotomy
is the effective avoidance of pain due to head fixation
and craniotomy by scalp block. They applied selective
nerve blocks in contrast to wide circular infiltration.
Selective blocking of the sensory branches of trigeminal
nerve was less painful and more effective for pain,
maintained hemodynamic responses and prevented
stress hormone responsel®S” compated to scalp block.l*!
Another advantage of the scalp block is the provision of

postoperative analgesia.

An important advantage of the awake-awake-awake
technique is the possibility of carefully positioning unseated
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patients and finding the best and most comfortable position
prior to craniotomy. The efficacy of communication
approach is documented by the avoidance of sedative
agents and by the reduced need for opioids. The drug
sparing effect of communication can only become full
operative when following the principle “as much as necessary
but no more than needed.”

Dexmedetomidine: A new alternative
Dexmedetomidine is a highly selective 0. -agonist with
dose-dependent sedative, anxiolytic, and analgesic effects
without ventilation suppression.””! Compared to clonidine,
dexmedetomidine has eight-times greater affinity for
o,-receptors and a shorter half-life.”l Bekker reported the
first application of dexmedetomidine combined with LMA
(spontaneous breathing), fentanyl, sevoflurane (0.3-0.7%),
nitrous oxide (70%), and BIS monitoring in an awake
craniotomy.! Low-dose infusion of this drug in healthy
volunteers provides sedation that can be easily reversed
with verbal stimulation."!

Dexmedetomidine has been used to treat discomfort
in patients sedated with a propofol and remifentanil
combination.”” Generally, a dexmedetomidine load of 0.5
to 1 ug/kg/h over 20 min is followed by infusion at rates
of 0.1 to 0.7 ug/kg/h to 20 min ptior to testing. During
cortical mapping the infusion rate is usually set to 0.1 to

0.2 ug/ke/h.

In 2004, Fogarty Mack’s group evaluated dexmedetomidine
administration in five patients managed by MAC and five
patients under an AAA approach and found the AAA
anesthetic approach resulted in more intraoperative
discomfort.’” Contrary to the study by Bustillo (2002),
they found that neurocognitive testing was successfully
completed in all 10 patients.””) The same idea was
sustained by Souter.’® A perspective study carried by
ArdP? on 17 patients who underwent awake craniotomy
(AAA technique) confirmed dexmedetomidine’s validity
in reducing the incidence of adverse events, reduction
of necessary quantities of other drugs, improved surgical
work, and probably decteased cerebral flux.[™

Hassan”! used combination of dexmedetomidine and
remifentanil with scalp block for a case series in patients
undergoing awake craniotomy for brain tumors. All
patients were comfortable throughout the surgery without
any worsening neurological deficits. All tumors were
successfully excised while the patients were arousable
cooperative and maintained hemodynamic parameters
throughout the surgery. Craniotomies with propofol-
dexmedetomidine infusion have had less hemodynamic
response to pinning and emergence and less overall
narcotic use compared to general anesthesia, though
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higher incidence of temporary episodes of desaturation
and hypoventilation were observed."

INTRAOPERATIVE MONITORING

Intraoperative monitoring typically includes
electrocardiogram, invasive and non-invasive blood
pressure measurements, pulse oximetry, respiratory rate,
capnography, and temperature. If large blood losses ate
expected, a large bore IV and or a central venous catheter
are inserted. Intra-operatively, the respiratory rate and
end-tidal carbon dioxide are measured by means of nasal
prongs-port with capnometry. Urinary catheter may or
may not be inserted.

The monitoring of the level of consciousness during
anesthesia or sedation is possible using electro
encephalographic analysis by bilateral bispectral index
(BIS). This instrument may be useful during the sedation/
anesthesia period and also to evaluate the level of
responsiveness during awake cortical mapping, 5336
Most authors use clinical sedation measures such as
the Ramsay Sedation ScoreP"7*7I or the Mackenzie
and Grant Score.”** Tijero have proposed a possible
intra-operative use for brain tissue oxygen pressure as
a precocious local damage indicator in proximity of the

surgical resection area.’

MINIMIZING INTRAOPERATIVE COMPLICATIONS

Anesthetic care in awake craniotomy is complex and there is
arisk of intraoperative adverse events related to anesthetic
procedure and surgical manipulation. These events may be
related to anesthesia or surgery [Table 1].

In MAC airway manipulation is minimal so patient is
vulnerable to airway obstruction. Cuffed oropharyngeal

Table 1: Classification of intraoperative
complications that may occur during awake
craniotomy

Anesthesia related Surgical related

Airway obstruction Focal seizures
Desaturation/hypoxia Generalized seizures
Conversion to general anesthesia Aphasia
Hypertension/hypotension Bleeding
Tachycardia/bradycardia Brain swelling
Nausea/vomiting Venous air embolism
Shivering

Local anesthetic toxicity

Pain

Poor cooperation

Agitation/Restlessness
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airway placement for the AAA technique has caused airway
obstruction in 15% of patients.””! Hypoxia and oxygen
desaturation occurs more during MAC and are commonly
due to over sedation.

The incidence of intraoperative seizures during awake
craniotomy is variable. Neuroleptic analgesia has been
associated with higher incidence of seizures.”® Use of
remifentanil has been associated with fewer intraoperative
seizures than other opioids.**! Propofol has protective
effect against seizures but the infusion must be discontinued
15 min before cortical stimulation so as not to interfere
with EcoG.

Among surgical related complications, Szelényi has
observed that the train-of-five stimulation technique
has a significantly lower incidence of stimulation-
associated seizures than the 60 Hz technique.” Patients
with symptomatic epilepsy are not at a higher risk of
intraoperative stimulation-associated seizures than patients
without symptomatic epilepsy during awake tumor
resection.l””

Seizures may be focal and short, and are usually due
to cortical electro stimulation. Myoclonic twitches of
one or two extremities typically terminate at the end of
each electrical stimulus, and if they continue they may
be controlled with iced Ringer’s lactate irrigation of the
brain” or administration of benzodiazepines (midazolam
2-5 mgi.v.). Generalized seizures like tonic-clonic seizures
are less frequent and must be treated with cold Ringer’s
lactate irrigation, benzodiazepines infusion (midazolam
2-5 mg, diazepam 5-10 mg), or pentothal sodium
administration (25-50 mg). Most seizures, focal or general,
self-terminate or are terminated by ice solution irrigation.
Propofol, benzodiazepines, or barbiturate administration
is not usually a good choice because it changes the cortical
excitability and interferes with EcoG. Ventilation must be
accurately monitored during the post-ictal period.

Nausea is another frequent complication that may make the
patient agitated and un-cooperative and can be prevented
by administering antiemetics. These conditions cannot be
prevented if they are secondary to dura matter or vessel
traction. %

Hemodynamic complications have to be controlled.
Labetalol and esmolol are most commonly used for
increases in arterial pressure.’’”” Urapidil, a titratable
drug, may be used successfully for hypertension during
awake craniotomy. Hypotension is managed by fluid
administration, ephedrine and phenylephrine infusion.
Excessive blood losses are uncommon, and cardiovascular
homeostasis depends on the site and dimension of the
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lesion. During the procedure shivering must be prevented
by using warm infusions and blankets. Clonidine,
dexmedetomidine, meperidine, tramadol, nefopam, and
ondansetron medications are used to prevent shivering,*"
Few cases of local anesthetic toxicity have been reported.!'”
Beta blockers should be used cautiously as they may mask

tremors in case of a convulsion at times.

During surgery, pain may arise from pootly-anesthetized
areas (often in the temporal area) and from dura
mater and brain vessels. In such cases, additional local
anesthetic infiltration of the zygomaticotemporal
branch is indicated. Since this type of procedure is of
prolonged duration, postural related pain may occur and
is managed by allowing the patient small movements
and by administering drugs such as acetaminophen,
diclofenac,” novaminsulfon,P” and fentanyl.'"” Poor
cooperation and agitation may be related to pain, anxiety,
excessive sedation, seizures, and inadequate intraoperative
psychological support.

Venous air embolism is a rare adverse complication. The
complication of venous air embolism has a high variable
incidence (10-80%) in neurosurgical cases performed in
sitting position.*!! The sitting and semi-sitting positions
increases the risk of venous air embolism during awake
craniotomy. Furthermore, spontaneous breathing raises the
pressure gradient between the surgical site and the right
atrium, favoring air suction. However, awake craniotomy
is typically performed in the lateral or supine positions, so
venous air embolism reports are not so frequent.™%I Balki
reported an incidence of 0.64% and suggested the use of
an intraoperative precordial Doppler monitor in the event
of air embolism suspicion.®!

PATIENT PERCEPTION AND ACCEPTANCE OF AWAKE
CRANIOTOMY

Many reports have concluded that different anesthetic
techniques allow awake craniotomy to be feasible, safe,
and well-tolerated!!"?!?52%3684 even if these considerations
are not always supported by objective data.”'****> Herrick
concluded that patient given propofol-based sedation were
satisfied with intraoperative comfort and pain control.”*
Patients said that they would be prepared to undergo
the procedure again if necessary. Danks®! assessed
the subjective experience of 21 patients undergoing
awake craniotomy with the MAC approach (midazolam
premedication). 75% patients recalled none or only short
portions of the procedure despite being awake for a
substantial portion of the procedure and 50% of the
patients did not recall suffering any intraoperative pain,
anxiety, or discomfort. Only one patient recalled severe
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pain. Complete satisfaction with procedure were expressed
by 70% of patients and only two patients (9.5%) had a
negative satisfaction score. 81% of patients stated that they
would be prepared to undergo awake craniotomy again if
indicated. After one-month follow up interview, only one
patient showed a worsened mood.

A Scottish study reported analogous results and confirmed
the tolerability of awake craniotomy, suggesting the
necessity for a multicentric study and adequate multifactorial
evaluation of the technique.’"! Manninen ¢# a/. compared
the efficacy of remifentanil to fentanyl in combination
with propofol in providing MAC sedation for awake
craniotomy.l"” Sixty percent of the patients recalled none
ot short portions of the procedure, 56% reported moderate
pain, 22% reported no pain, and over 90% expressed
complete satisfaction with anesthetic care.

Wrede e al.,*¥ studied patient acceptance of awake
craniotomy under local anesthesia and conscious sedation
using a formal questionnaire (PPP33 [Patient evaluation
in the Peri-operative Phase consisting of 33 items]).
The questionnaire has an overall score and 8 subscales,
that represent different aspects of the perioperative
phase: Information, autonomy, communication, physical
disorders, pain, regeneration, fear and accommodation.
The results were compared to a group of patients who
had brain surgery under general anesthesia and to the
previously published data. The overall mean score for the
PPP33 (ranging from 0 to 100) was 84.07 for the awake
craniotomy group and 73.88 for the general anesthesia
group, suggesting an equal or better overall acceptance
for awake craniotomy (P = 0.07). The subscale scores for
awake craniotomy were also significantly better compared
to general anesthesia for the two subscales “postoperative
pain” (P = 0.02) and “physical disorders” (P = 0.01) and
equal for the other 6 subscales. The results of the overall
mean score and the scores for the subscales of the PPP33
questionnaire verify good patients’ acceptance for awake
craniotomy.

In 2011, Wahab ez a/* designed a questionnaire with
reference to Royal College of Surgeons (RCS) guidelines
and sent out to 60 consecutive patients. Four areas of care
were explored, which included the out-patient consultation
with the neurosurgeon, anesthetic consultation, operation
and the post-operative period. Forty-five responses were
received which demonstrated high levels of patient
satisfaction and provided surgeons with useful data for
consenting patients.

Considering the literature, it could be asserted that awake
craniotomy is well-tolerated. The areas for improvement
include provision of written information, enhancing post-
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discharge support and allowing more time for anesthetic
discussion before surgery. It is always necessary to ensure
psychophysical support before and throughout the
operative procedure. The use and evaluation of a pain
score, such as the Verbal Numerical Scale,* helps to
avoid underestimating the patient’s referred pain. It would
be helpful for all institutions to evaluate their anesthetic
care protocol for awake craniotomy by psychometric and
satisfaction score.

FUTURE PERSPECTIVES OF AWAKE CRANIOTOMY
ANESTHETIC CARE

In future, many surgical and anesthetic changes will affect
awake craniotomy techniques. Specific studies could
demonstrate which anesthetic approach, MAC, AAA
or awake-awake-awake, is the safest and best-tolerated
[Table 2]. Newer approaches with minimal use of sedatives
and opioids have challenged all the previous approaches
of anesthetic care in awake craniotomies. New studies
could also establish which airway device is most effective
in making the procedure easier and safer. Propofol,
remifentanil and dexmedetomidine intravenous infusions
should be based on TCI algorithms to achieve safer and
more predictable outcomes. Some infusion systems can
be implemented with depth of sedation monitoring such
as BIS. Gentilini has proposed an arterial pressure-based
algorithm for alfentanil infusion.® Closed-loop control
systems for mechanical ventilation can be useful to control
EtCO, in awake craniotomy and neurosurgery.®

Levobupivacaine could replace bupivacaine for scalp
block with minimal use of sedatives and opioids. Some
authors have described this procedure performed without
Mayfield’s head holder,”>*! this is possible using new
electromagnetic navigation systems based on a sensor
attached to the mastoid of the patient.”” This avoids head
fixation, allowing for minimal movement of the patient,
reducing pain incidence, and facilitating anesthesiologist
intervention on the patient’s airway if necessary.

Taylor’s study, reported an incidence of postoperative
hematoma of 2.2%.4 They observed that clinical signs of
postoperative hematoma occur within 6 h following surgery
due to active bleeding in the surgical site, and 24 h after
the procedure related to intracranial pressure and edema
around the hematoma. Based on these findings, Blanshard
et al./" studied eatly discharge of 241 patients after awake
craniotomy and concluded that selected patients, who had
no intraoperative complications and received adequate
instructions, may be discharged after a 6 h postoperative
observation period if they live near a hospital and have
satisfactory assistance at home. Manninen ef a/.'" reported
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that 22% of 50 patients who underwent awake craniotomy
were discharged the same day of surgery.

A Canadian study™ comprising 200 patients undergoing
surgery over a 0-year period showed that with growing
experience, the total hospital stay could be reduced from
four days to a single day, the number of patients admitted
to intensive care postoperatively could be reduced from
80 to 10%, and the mean surgery time could be reduced
from 4.25 to 3.25 h. Anderson™ retrospectively studied
44 patients for the success of awake craniotomy for tumor
resection and found that three had to be converted to
general anesthesia (due to tight brain, leaking LM and
tumor hemorrhage).

Dexmedetomidine infusion after skin incision without
loading dose slowly decreased the dose of propofol-
remifentanil within the target BIS level (60 without LMA,
and 40 with LMA). This combination permits rapid
onset, and only continuous adjuvant infusion could prevent
side effects related with bolus injection. In inevitable
cases, the “asleep-awake” technique that uses controlled
ventilation with LMA during incision period and deep
sedation with adjuvant dexmedetomidine after neurologic
exam will be a safe and satisfactory procedure for both the
surgeon and patient.

Hansen e¢f a/,'" in a perspective study of awake
craniotomies tested actual need for sedatives and opioids
in patients undergoing awake craniotomy for brain
tumor resection in eloquent or motoric brain areas when
cranial nerve blocks, permanent presence of a contact
person, and therapeutic communication are provided.
Therapeutic communication was based on the assumption
that patients in such an extreme medical situation enter
a natural trance-like state with elevated suggestibility.
The anesthesiologist acted as a continuous guide, using
a strong rapport, nonverbal communication, hypnotic
suggestions, such as dissociation to a “safe place,” and
the reframing of disturbing noises, while simultaneously
avoiding negative suggestions.

CONCLUSIONS

Awake craniotomy for tumor resection is a complex
technique that requires good patient and equipment
engagement where psychological support might be more
helpful than the pharmacological approach. The choice
of the anesthetic technique, MAC, AAA or awake-awake-
awake, must be related to the anesthesiologist’s capability
and experience. The AAA technique may be preferred for
delicate and more complex patients. Dexmedetomidine
appears to be the best drug for sedation without interference

Saudi Journal of Anesthesia

with respiratory function. TCI infusion systems allow better
drug titration, avoiding over sedation and respiratory
depression. Depth of anesthesia monitoring systems,
like BIS, are useful in this kind of surgery even if clinical
observation of vital signs and specific sedation scores are
adequate to manage this type of patients.

REFERENCE

1. Horax G. Neurosurgery. A historical sketch. Springfield, IL.
Thomas; 1952:10-15.

2. Marshall C. Surgery of epilepsy and motor disorders. In:
Walker AE, editor. A history of neurological surgery. New
York: Hafner Publishing Co; 1967. p. 288-305.

3. Burchiel KJ, Clarke H, Ojemann GA, Dacey RG, Winn HR. Use
of stimulation mapping and corticography in the excision of
arteriovenous malformations in sensorimotor and language-
related neocortex. Neurosurgery 1989;24:322-7.

4. Duffau H, Capelle L, Sichez JP, Faillot T, Abdennour L, Law
Koune JD, et al. Intra-operative direct stimulations of the
central nervous system: The Salptriére experience with 60
patients. Acta Neurochir (Wien) 1999;141:1157-67.

5. Luders JC, Steinmetz MP, Mayberg MR. Awake craniotomy
for microsurgical obliteration of mycotic aneurysms: Technical
report of three cases. Neurosurgery 2005;56(1 Suppl):E201.

6. Bernstein M. Outpatient craniotomy for brain tumor: A
pilot feasibility study in 46 patients. Can J Neurol Sci
2001;28:120- 4.

7. Blanshard HJ, Chung F, Manninen PH, Taylor MD,
Bernstein M. Awake craniotomy for removal of intracranial
tumor: Considerations for early discharge. Anesth Analg
2001;92:89-94.

8. Saltarini M. Tecnica anestesiologica durante la awake
craniotomy. In: Skrap M, editor. Mappaggio corticale e
craniotomie a paziente sveglio. Trento: New Magazine
Edizioni; 2004. p. 73-6.

9. Manninen PH, Tan TK. Postoperative nausea and vomiting
after craniotomy for tumor surgery: A comparison between
awake craniotomy and general anesthesia. J Clin Anesth
2002;14:279-83.

10. Manninen PH, Balki M, Lukitto K, Bernstein M. Patient
satisfaction with awake craniotomy for tumor surgery: A
comparison of remifentanil and fentanyl in conjunction with
propofol. Anesth Analg 2006;102:237-42.

11. Hansen E, Seemann M, Zech N, Doenitz C, Luerding R,
Brawanski A. Awake craniotomies without any sedation:
The awake-awake-awake technique. Acta Neurochir (Wien)
2013;155:1417-24.

12. Bartholow R. Experimental investigation into the functions of
the human brain. Am J Med Sci 1874;67:305-13.

13. Horsley V. Remarks on consecutive cases of operations upon
the brain and cranial cavity to illustrate the details and safety
of the method employed. Br Med J 1887;1:863-5.

14. Bulsara KR, Johnson J, Villavicencio A. Improvements in brain
tumor surgery: The modern history of awake craniotomies.
Neurosurg Focus 2005;18:e5.

15. De Castro J, Mundeleer P. Anesthésie sans barbituriques. La
neuroleptanalgésie. Anesth Anal 1959;16:1022.

16. Archer DP, McKenna JM, Morin L, Ravussin P. Conscious
sedation analgesia during craniotomy for intractable
epilepsy: A review of 354 consecutive cases. Can J Anaesth
1988;35:338-44.

17. Welling E, Donegan J. Neuroleptanalgesia using alfentanil for
awake craniotomy. Anesth Analg 1989;68:57-60.

18. Silbergeld DL, Mueller WM, Colley PS, Ojemann GA, Lettici E.
Use of propofol (Diprivan) for awake craniotomies: Technical
note. Surg Neurol 1992;38:271-2.

Vol. 8, Issue 4, October-December 2014

Page | 537



Page | 538

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Ghazanwy, et al.: Anesthesia for awake craniotomy

Gignac E, Manninen PH, Gelb AW. Comparison of fen-
tanyl, sufentanil and alfentanil during awake craniotomy for
epilepsy. Can J Anaesth 1993;40:421-4.

Johnson KB, Egan TD. Remifentanil and propofol combination
for awake craniotomy: Case report with pharmacokinetic
simulation. J Neurosurg Anesthesiol 1998;10:25-9.

Fukaya C, Katayama Y, Yoshino A, Kobayashi K, Kasai M,
Yamamoto T. Intraoperative wake-up procedure with propofol
and laryngeal mask for optimal excision of brain tumour in
eloquent areas. J Clin Neurosci 2001;8:253-5.

Hans P, Bonhomme V, Born JD, Maertens de Noordhoudt
A, Brichant JF, Dewandre PY. Target-controlled infusion
of propo- fol and remifentanil combined with bispectral
index moni- toring for awake craniotomy. Anesthesia
2000;55:255-9.

American Society of Anesthesiologists (ASA). Distinguishing
monitored anesthesia care (MAC) from moderate sedation/
analgesia (conscious sedation). Available from: http://www.
asahqg.org. [Last accessed on October 21, 2009].

Costello TG, Cormack JR. Anesthesia for awake craniotomy:
A modern approach. J Clin Neurosci 2004;11:16-9.

Tramer M, Moore A, McQuay H. Propofol anesthesia and
postoperative nausea and vomiting quantitative systematic
review of randomized controlled studies. Br J Anaesth
1997;78:847-55.

Keifer JC, Dentchev D, Little K, Warner DS, Friedman AH,
Borel CO. A retrospective analysis of a remifentanil/propofol
general anesthetic for craniotomy before awake function- al
brain mapping. Anesth Analg 2005;101:502-8.

Tobias JD, Jimenez DF. Anaesthetic management during
awake craniotomy in a 12-year-old boy. Paediatr Anaesth
1997;7:341-4.

Herrick IA, Craen RA, McLacklan RS, Girvin JP, Parrent AG,
Eliasziw M, et al. Propofol sedation during awake craniotomy
for seizures: Patient controlled administration versus
neurolept analgesia. Anesth Analg 1997;84:1285-91.
Sarang A, Dinsmore J. Anesthesia for awake craniotomy
evolution of a technique that facilitates awake neurological
testing. Br J Anaesth 2003;90:161-5.

Tijero T, Ingelmo 1, Garcia-Trapero J, Puig A. Usefulness
of monitoring brain tissue oxygen pressure during awake
craniotomy for tumor resection. J Neurosurg Anesthesiol
2002;14:149-52.

Whittle IR, Midgley S, Georges H, Pringle AM, Taylor R.
Patient perceptions of awake brain tumour surgery. Acta
Neurochir (Wien) 2005;147:275-7.

Schulz U, Keh D, Fritz G, Barner C, Kerner T, Schneider
GH, et al. Schlaf-Wach-Schlaf technik zur wachkraniotomie.
Anaesthetist 2006;55:585-98.

Costello TG, Cormack JR, Mather LE, LaFerlita B, Murphy MA,
Harris K. Plasma levobupivacaine concentrations following
scalp block in patients undergoing awake craniotomy. Br J
Anaesth 2005;94:848-51.

Audu PB, Wilkerson C, Bartkowski R, Gingrich K,
Viscusi E, Andrews D. Plasma ropivacaine levels during
awake intracranial surgery. J Neurosurg Anesthesiol 2005;
17:153-5.

Scott DB, Lee A, Fagan D, Bowler GM, Bloofield P, Lundh
R. Acute toxicity of ropivacaine compared with that of
bupivacaine. Anesth Analg 1989;69:563-9.

American Society of Anesthesiology House of Delegates.
Position on Monitored Anesthesia Care. ASA Standards,
guidelines and statements 2005. Available from: http://
www.asahq.org/publicationAndServices/ [Last accessed on
September 2, 2008].

Mack PF, Perrine K, Kobylarz E, Schwartz TH, Lien CA.
Dexmedetomidine and neurocognitive testing in awake
craniotomy. J Neurosurg Anesthesiol 2004;16:20-5.

Souter MJ, Rozet |, Ojemann JG, Souter KJ, Holmes MD,
Lee LA, etal. Dexmedetomidine sedation for awake craniotomy

Vol

. 8, Issue 4, October-December 2014

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

and electrocorticography. J Neurosurg Anesthesiol 2005;
17:248.

Hans P, Bonhomme V. Why we still use intravenous drugs
as the basic regimen for neurosurgical anesthesia. Curr Opin
Anaesthesiol 2006;19:498-503.

Marik PE. Propofol: Therapeutic indications and side-effects.
Curr Pharm Des 2001;10:3639-49.

Soriano SG, Eldredge EA, Wang FK, Kull L, Madsen JR,
Black PM, et al. The effect of propofol on intraoperative
electrocorticography and cortical stimulation during awake
craniotomies in children. Paediatr Anaesth 2000;10:29-34.
Skucas AP, Artru AA. Anesthetic complications of awake
craniotomies for epilepsy surgery. Anesth Analg 2006;
102:882-7.

Beers R, Camporesi E. Remifentanil update: Clinical science
and utility. CNS Drugs 2004;18:1085-104.

Herrick |IA, Craen RA, Blume WT, Novicl T, Gelb AW.
Sedative doses of remifentanil have minimal effect on ECoG
spike activity during awake epilepsy surgery. J Neurosurg
Anesthesiol 2002;14:55-8.

Frova G, Guarino A, Petrini F, Favero R. Difficult intubation
and difficult airway management. Attrezzature per il controllo
delle vie aeree. In: Frova G, Guarino A, Petrini F, Favero R,
editors. Intubazione difficile e difficolta di con- trollo delle vie
aeree. Napoli: Madeia; 2002. p. 35-8.

Penfield W, Pasquet A. Combined regional and general anes-
thesia for craniotomy and cortical exploration. Anesth Analg
1954;33:145-64.

Hall K, Baldwin M, Norris F. Succynilcholine drip during
craniotomy. Anesthesiology 1959;20:65-70.

Ingvar DH, Jeppsson ST, Nordstrom L. A new form of
anes- thesia in surgical treatment of focal epilepsy. Acta
Anaesthesiol Scand 1959;3:111-21.

Weiss FR, Schwartz R. Anesthesia for awake craniotomy.
Can J Anaesth 1993;40:10083.

Huncke K, Van de Wiele B, Fried |, Rubinstein EH. The
asleep-awake-asleep anesthetic technique for intraoperative
language mapping. Neurosurgery 1998;42:1312-6.

Tongier KW, Joshi GP, Landers DF, Mickey B. Use of laryngeal
mask airway during awake craniotomy for tumor resection.
J Clin Anesth 2000;12:592-4.

Ard JL, Bekker AY, Doyle WK. Dexmedetomidine in awake
craniotomy: A technical note. Surg Neurol 2005;63:114-7.
Ard J, Doyle W, Bekker A. Awake craniotomy with
dexmedetomidine in pediatrics patients. J Neurosurg Anesthesiol
2003;15:263-6.

Bekker AY, Kaufman B, Samir H, Doyle W. The use of
dexmedetomidine infusion for awake craniotomy. Anesth
Analg 2001;92:1251-3.

Shinokuma T, Shono S, lwakiri S, Shigematsu K, Higa K.
Awake craniotomy with propofol sedation and laryngeal mask
airway: A case report. (Abstract) Masui 2002;51:529-31.
Caldiroli D, Bruzzone E. Awake anesthesia in neurochirurgia.
Comunicazioni libere SMART; 8-10 Maggio 2002; Milano,
Italia. Poster n. 30. Free Papers Smart; 8-10 May 2002;
Milan, Italy. Poster n. 30.

Songa V, Conte V, Baratta P, Magnoni S, Bello L, Stocchetti
N. Remifentanil/propofol general anesthesia for functional
brain mapping during tumor resection: A retrospective
analysis on 63 patients. Comunicazioni libere SMART; 10-12
Maggio 2006; Milano, Italia. Poster n. 45. Free Papers Smart;
10-12 May 2006; Milan, Italy. Poster n. 45.

Brimacombe J, Brain AlJ, Berry AM. “The Laryngeal Mask
airway” a review and practical guide. Gestione dell’anestesia.
In: Brimacombe J, Brain AlJ, Berry AM, editors. La maschera
laringea Guida teorico-pratica. Roma, Milano: Antonio Delfino
Editore; 1999. p. 66-105.

Brimacombe J, Tucker P, Simons S. The laryngeal mask
airway for awake diagnostic bronchoscopy — a study of 200
consecutive patients. Eur J Anaesthesiol 1995;12:357-61.

Saudi Journal of Anesthesia



Ghazanwy, et al.: Anesthesia for awake craniotomy

60. Lee MC, Absalom AR, Menon DK, Smith HL. Awake insertion pathophysiology and approaches to prevention and
of the laryngeal mask airway using topical lidocaine and management. Drugs 2001;61:2193-205.
intravenous remifentanil. Anesthesia 2006;61:32-5. 81. Palmon SC, Moore LE, Lundberg J, Toung T. Venous air

61. Chen CH, Lin CC, Tan PP. Clinical experience of laryngeal embolism: A review. J Clin Anesth 1997;9:251-7.
mask airway in lateral position during anesthesia. (Abstract) 82. Suarez S, Ornaque |, Fabregas N, Valero R, Carrero E.
Acta Anaesthesiol Sin 1995;33:31-4. Venous air embolism during Parkinson surgery in patients

62. Pothmann W, Eckert S, Fullekrug B. Use of the laryngeal with spontaneous ventilation. Anesth Analg 1999;88:793-4.
mask in difficult intubation. Anaesthetist 1993;42:644-7. 83. Balki M, Manninen PH, McGuire GP, El-Beheiry H, Bernstein

63. Audu PB, Loomba N. Use of cuffed oropharyngeal airway M. Venous air embolism during awake craniotomy in a supine
(COPA) for awake intracranial surgery. J Neurosurg patient. Can J Anaesth 2003;50:835-8.

Anesthesiol 2004;16:144-6. 84. Wrede KH, Stieglitz LH, Fiferna A, Karst M, Gerganov VM,

64. Yamamoto F, Kato R, Sato J, Nishino T. Anesthesia for awake Samii M, et al. Patient acceptance of awake craniotomy. Clin
craniotomy with non-invasive positive pressure ventilation. Neurol Neurosurg 2011;113:880-4.

Br J Anaesth 2003;90:382-5. 85. Danks RA, Rogers M, Aglio LS, Gugino LD, Black PM.

65. Gonzales J, Lombard FW, Borel CO. Pressure support mode Patient tolerance of craniotomy performed with the patient
improves ventilation in asleep-awake-asleep craniotomy. under local anesthesia and monitored conscious sedation.
J Neurosurg Anesthesiol 2006;18:88. Neurosurgery 1998;42:28-36.

66. Frost EA, Booij LH. Anesthesia in the patients for awake 86. Wahab SS, Grundy PL, Weidmann C. Patient experience and
craniotomy. Curr Opin Anaesthesiol 2007;20:331-5. satisfaction with awake craniotomy for brain tumours. Br J

67. Geze S .Yilm.az AA, Tutuner F. The effect of scalp block and Neurosurg 2011;25:606-13.
local |nf|Itrat|on on the hemodYnamlc and stress response 87. Paice JA, Cohen FL. Validity of a verbal administered
to skull pin placement for craniotomy. Eur J Anaesthesiol numerical rating scale to measure cancer pain intensity.
20099;26:298-303. ) ) Cancer Nurs 1997;20:88-93.

68. See JJ, Lew TW, Kwek TK, Chin KJ, Wong MF, Liew QY,  gg_ Gentilini A, Schaniel C, Morari M, Bieniok C, Wymann R,
et al. Anaesthetic management of awake craniotomy for Schnider T. A new paradigm for the closed-loop intraoperative
tumour resection. Ann Acad Med Singap 2007;36:319-25. administration of analgesics in humans. |IEEE Trans Biomed

69. Bekker A, Sturaitis MK. Dexmedetomidine for neurological Eng 2002;49:289-99.
surgery. Neurosurgery 2005;57:1-10. » 89. Martinoni EP, Pfister CH, Stadler KS, Schumacher PM,

70. Bhana N, Goa KL, McClellan KJ. Dexmedetomidine. Drugs Leibundgut D, Bouillon T, et al. Model-based control of
2000;59:2_63'8' . . . . mechanical ventilation: Design and clinical validation. Br J

71. Hall J, Uhrich T. Sedative, amnestic and analgesic properties Anaesth 2004:92:800-7.
ggosor‘_‘;‘c')'f‘égze7ggxmedet°m'd'”e infusions. Anesth Analg g4 picht T, Kombos T, Gramm HJ, Brock M, Suess O. Multimodal

72. Moore TA, Markert J.M, Knowlton RC;. Dexmedetomid.ine Z::;(:;)I Lz;aan:jr?,c(;:i?n(l\;)\;i(;?:)yzl(?o(lsa;qiugi%(;7c_grgt_ex tumour
as rescue drug during awake craniotomy for cortical . . . .

. . 91. Barazi SA, Cudlip S, Marsh H. Awake craniotomy using
motor mapping and tumor resection. Anesth Analg . . .
2006:102:1556-8. stealth frameless. st?reotaxy without rigid skull fixation. Br J
73. Bustillo MA, Lazar RM, Finck AD, Fitzsimmons B, Barman Neurosurg 2006;20:43-5. . .
. - X . 92. Taylor WA, Thomas NW, Wellings JA, Bell BA. Timing of
MF, Pile-Spellman J, et al. Dexmedetomidine may impair . . .
cognitive testing during endovascular embolization of .postlopelratwe intracranial haematoma .devglopmt.ant and
- . . ; implications for the best use of neurosurgical intensive care.
cerebral arteriovenous malformations: A retrospective case
report series. J Neurosurg Anesthesiol 2002;14:209-12. J Neurosurg 1995;82_:48'50' . . .

74. Zornow MH, Maze M, Dyck JB, Shaker SL. Dexmedetomidine 3. Taylor MD, Bernstfam M. .Awake craniotomy ,W'th ?ra'”
decreases cerebral blood flow velocity in humans. J Cereb mgppmg as the rf)utl.ne S”rg'ca' approach to trea‘ur)g pat.|ents
Blood Flow Metab 1993:13:350-3. with supratentorial intraaxial tumors: A prospective trial of

. : . 200 cases. J Neurosurg 1999;90:35-41.

78 g:;siagH\.Ng/I\;v;_f:rgignP;Itkg}nl;ﬂ:u;mézsléAée:?erlsso?,aﬁig:;\tlh;?é 94. Andersen JH, Olsen KS. Anesthesia for awake craniotomy is
management using a combination of scalp Block, safe and WeII—toIerateq. Dan Med Bul 2010;57:A4194. .
dexmedetomidine and remifentanil in hospital Universiti Sains 95. Chung YH, Park S, Kim WH, Chung I, Lee JJ. Anesthetic
Malaysia. Med J Malaysia 2013:68:64-6. management of awake craniotomy with laryngeal mask

76. Rajan S, Cata JP, Nada E, Weil R, Pal R, Avitsian R. Asleep- Zifwa\r/\ afwl' zdoegng‘;e;‘;fgi%i”e in risky patients. Korean J
awake-asleep craniotomy: A comparison with general nesthesio 19919 /5-9.
anesthesia for resection of supratentorial tumors. Journal of 96. Danks RA, Aglio LS, Gugino LD, Black PM. Craniotomy under
Clinical Neuroscience 2013;20:1068-73. local anesthesia and monitored conscious sedation for the

77. Szelényi A, Joksimoviad B, Seifert V. intraoperative risk of resection of tumors involving eloquent cortex. J Neurooncol
seizures associated with transient direct cortical stimulation 2000;49:131-9.
in patients with symptomatic epilepsy. J Clin Neurophysiol 97. Serletis D, Benr:jstein M. IProspe(;:tive StUdIY of Iawafke
2007;24:39-43. craniotomy  use routinely  an non-selectively  for

78. Sartorius CJ, Berger MS. Rapid termination of intraoperative supratentorial tumors. J Neurosurg 2007;107:1-6.
stimulation-evoked seizures with application of cold
Ringer’s lactate to the cortex. Technical note. J Neurosurg
1998;88:349-51. How to cite this article: Ghazanwy M, Chakrabarti R, Tewari

79. Berkenstadt H, Perel A, Hadani M, Unofrievich I, Ram Z. A, Sinha A. Awake craniotomy: A qualitative review and future
Monitored anesthesia care using remifentanil and propofol for challenges. Saudi J Anaesth 2014;8:529-40.
awake.cramotomy. J Neurosu.rg Anegthg3|ol 2001.;1 3:?46-9- Source of Support: Nil, Conflict of Interest: None declared.

80. Alfonsi P. Postanaesthetic shivering. Epidemiology,

I

Saudi Journal of Anesthesia

Vol. 8, Issue 4, October-December 2014

Page | 539



