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Abstract

Ablative intracranial surgery for Parkinson’s disease has advanced to embedding electrodes into precise areas of the basal ganglia. Electrode
implantation surgery, referred to as deep brain stimulation (DBS), is preferred in view of its reversibility, adjustability, and capability to
be safely performed bilaterally. DBS is been increasingly used for other movement disorders, intractable tremors epilepsy, and sometimes
chronic pain. Anesthesiologists need to amalgamate the knowledge of neuroanatomical structures and surgical techniques involved in
placement of microelectrodes in defined cerebral target areas. Perioperative verbal communication with the patient during the procedure
is quintessential and may attenuate the need for pharmacological agents. This review will endeavor to assimilate the present knowledge
regarding the patient selection, available/practiced anesthesia regimens, and perioperative complications after our thorough search for

literature published between 1991 and 2013.
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Introduction

By the late 1980s, it was found that high-frequency
electrical stimulation induces the same functional effect
as lesioning,"! thus rejuvenating the role of surgery
in the treatment of Parkinson’s disease. Deep brain
stimulation (DBS) has been successful in treatment of
Parkinson’s disease (essential tremors, dystonia, and
certain psychiatric conditions).>® DBS is the placement
of stimulator electrodes into deep brain structures
and clinically testing the patient and connection of the
stimulator to an implanted pacemaker. The targets of DBS
include the ventralis intermedius nucleus (Vim), the sub-
thalamic nucleus (STN), and the globus pallidus (GPi).

DBS incorporates 4 components: The intracranial
electrodes, which are inserted surgically inside the brain,
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a plastic ring and cap seated onto a burr hole to fix the
electrodes to the skull, an extension cable that passes
subcutaneously and is connected to a pulse generator,
which is implanted into the chest in the infraclavicular
area or abdomen. The pulse generator’s battery usually
spans between 2 and 5 years and has to be changed with
the generator.

Anesthetic approaches vary depending on the institutions
performing these procedures and include monitored care
with local anesthesia, sedation, and general anesthesia.**!
There are various anesthetic considerations whichever
approach is used: DBS was introduced in late 1980 and
over time, the anesthetic approach for this procedure
changed because of the evolving need of surgical
techniques and newly available anesthetics. This review
highlights the focus on the recent development in the
anesthetic management and the effects of anesthetic
technique on DBS. Because of recent evidences have
substantially changed the approach to anesthesia for
DBS, here we present a systematic literature review of
the last 20 years.

A thorough PubMed and Medline literature search
was conducted for investigating studies on patients
with Parkinson’s disease by using the keywords “deep
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brain stimulation”, “microelectrode recordings”,
“macro-stimulation test”, “monitored anesthesia
care”, “conscious sedation”, and “general anesthesia”.
Complete manuscripts were studied and only those
that reported on original studies with human subjects
or preclinical studies and were published between 1991

and 2013 were included.

Deep Brain Stimulation: Surgical Technique

DBS surgery is best performed by an experienced

surgeon with specific expertise in stereotactic and

functional neurosurgery with the help of a professional

team consisting of neurologist, neuropsychologist,

neuropsychiatrist, and neurophysiologist. DBS surgery

involves 2 procedures:

a. Placement of the electrode(s) into the specified area
of the brain, and

b. The internalization of the lead(s) and implantation of
the programmable impulse generator.

Techniques for implanting DBS devices are constantly
evolving to target nuclei, which are deep and small
in size. Few studies have compared the safety and
effectiveness of various surgical techniques. The
method of localizing the specific target for electrode
placement includes the use of frame-based imaging to
visualize brain structures and to establish coordinates,
electrophysiologic guidance with micro electrode
recordings (MER) and macro-stimulation testing of an
awake patient. The whole procedure may be completed
on the same day or in a 2-staged procedure with the
internalization of the electrode(s) and generator on
a different day, typically 3 days to 2 weeks after the
procedure, depending on medical center preference.
Favoring the best timing of the second stage has not
yet been established. The timing depends on many
reasons including the duration of the procedure
and patient cooperation. Another factor to delay the
internalization is the “microlesion” effect caused by
edema around the newly implanted electrode. This
may cause improvement of the patient’s symptoms
without any stimulation, and this impairs the ability to
check for stimulation-induced benefits.”’ Postoperative
brain imaging in the form of computed tomography
or magnetic resonance imaging (MRI) is done by most
neurosurgeons to check the position of the placed
DBS leads and to rule out for the hemorrhage and
pneumocephalus.

The surgery starts with the placement of a rigid head
frame to the patient’s skull and MRI to visualize
brain structures and establish references to external
coordinates for accurate insertion of the electrode
into the specific areas for stimulation. Though
different head frames are preferred, in a survey of

North American centers performing DBS surgery, the
Cosman-Roberts-Wells frame was commonly used,
followed by Leksell G.'""?None of these frames gives
easy access to the patient’s airway. There are also
reports of the use of frameless navigation systems
for a DBS.'I After imaging, the patient is transferred
to the operating room where he or she is positioned
in a supine or semi-sitting position on the operating
room table with the stereotactic frame fixed to the
bed. A burr hole is made in the cranium for electrode
insertion. To localize the target area for stimulation,
the neurophysiologist will obtain MERs to detect and
amplify the activity of individual neuron cells. The
electrode is usually inserted 10-15 mm above the target
site and is advanced 0.5-1 mm along its trajectory
toward the target nuclei while spontaneous neuronal
discharges are recorded. The neurophysiologists use the
variations in spontaneous firing rates between specific
nuclei (GPi internal and external) and movement-related
changes in the firing rates to localize the specific brain
target. Macrostimulation involves the clinical testing of
the patient’s movements, which is used to verify that
the stimulation of the electrode at that location will
improve the symptoms without causing any side effects.
After radiologic confirmation, the electrode is secured
and the wound is closed. In bilateral DBS insertions,
a second incision is made on the other side and the
procedure repeated. The internalization is performed by
tunneling the electrode(s) and connecting the extension
cable through the scalp and subcutaneously on the side
of the neck to an infraclavicular area or abdomen and
then connected to the impulse generator.

Anesthetic Considerations

Anesthetic management of patients for DBS placement
has specific considerations related to patient and
surgical procedure. The anesthesiology team should
see these patients before surgery to assess for additional
considerations due to associations of much co-morbidity
related to the disease processes for which DBS is
inserted™>"! [Table 1].

Anesthetic drug effects on MERs

The anesthesiologists” role in deep brain electrode
insertion is to provide adequate operating conditions
and patient comfort, facilitate intraoperative monitoring
including neuro-monitoring for target localization, and
diagnosing and treating any complications occurring
during surgery.

To what extent the anesthetic drugs influence MER
is still under debate because the effects of anesthetic
drugs are inhomogeneous across different parts of the
brain™! [Table 2]. Propofol is the most commonly used
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Table 1: Anesthetic considerations of patient undergoing DBS

Patient related

Surgical related

Disease related

Primary disease
(Parkinson’s disease,
dystonia, essential
tremors, chronic pain,
and tremor control in
multiple sclerosis and
epilepsy)

Patient selection and
evaluation

Extremes of age (pediatric
and geriatric)
Concurrent medical
issues of patient and of
disease

Multiple drug
administration and
altered pharmacokinetics
and pharmacodynamics
Risk of drug interactions
Drug “off state” —
deterioration of
symptoms

Rigid head

frame — manipulation of
airway becomes difficult
Positioning of

patient — inadequate and
uncomfortable in patient
with movement disorder
Semi — sitting position —
risk of venous air embolism
Procedure duration — long
duration may lead to fatigue
and discomfort
Microelectrode

recordings — interference
by anesthetic agents
Macrostimulation

testing — Required an
awake and cooperative
patient

Complications —
Intracranial hemorrhage,
stroke, seizure,
hypertension, decreased
level of consciousness,
nausea and vomiting,
airway obstruction,
respiratory distress,
excessive pain, and
neurological deficit.

Parkinson’s disease
Respiratory system: Obstructive lung disease pattern in one third
patients and abnormal control and function of upper airway (poor
cough).
Associated chronic obstructive pulmonary disease and obstructive
sleep apnea.
Pharyngeal muscle dysfunction — risk of aspiration
Autonomic dysfunction — orthostatic hypotension, abnormal
temperature regulation
Cardiovascular instability — cardiac arrhythmia, hypertension,
dependent edema
Dysphagia — poor nutrition and weight loss
Difficulty in micturition — risk of infections
Worsening of symptoms during “off drug” state perioperatively
Adverse effects of anti—Parkinson drugs — abnormal glucose
metabolism (selegiline), hypotension, orthostatic hypotension
Depression and hallucination — may worse during postoperative stage
Tremor and muscle rigidity — interfere with positioning
Speech impairment and confusion — impair cooperation of patient
during intraoperative and postoperative state
Anti—Parkinson drug interactions with anesthetic agents
Essential tremors
bradycardia due to beta—blocker
Dystonia
Risk of hemodynamic instability and laryngospasm
Spasmodic dysphonia and associated neurodegenerative disorder
and cerebral palsy — poor communication
Growth retardation

Epilepsy

Recurrent seizures
Developmental delay
Multiple anti —seizure medications — altered drug interactions

anesthetic drug for sedation and general anesthesia
during DBS insertion. Successful MERs have been
made from different target sites (GPi, STN, and Vim)
using propofol.>?! With the use of propofol, different
characteristics of neuronal activity among individual
target sites and also within the same target site have
been seen. Hutchison®! found that the firing rates in
the GPi nucleus were substantially decreased, and
long pauses were present in patients with dystonia
under general anesthesia with propofol compared
with patients mapped under local anesthesia. This
was consistent with the finding in animal studies that
showed enhancement of GABAergic striatal and GPi
external afferents to GPi with propofol.”? The neuronal
firing rates in patients with dystonia may not be
affected by the either estimated plasma concentration
of propofol or the consciousness level of the patient.*!
Probably because of the overall decreased GPineuronal
firing rates in dystonia. Sanghera studied the effects of
general anesthesia with desflurane in 11 patients with
dystonia and 6 patients with Parkinson’s disease. No
differences between awake and anesthetized patients
with respect to GPi nuclei firing rates for the dystonia
group was observed, but there was a significant decrease
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in GPi nuclei firing rates in the Parkinson group. They
concluded that GPi neuronal firing rates differ between
the patients with dystonia and Parkinson’s disease,
but the effect may be more pronounced in Parkinson’s
diseases due to anesthesia.

Microelectrode recordings from the STN nuclei during
anesthesia have been more successful.[5*2I The
anesthetic techniques used have varied from monitored
anesthesia care with or without sedation, analgesia or
both along with conscious sedation with propofol and
dexmedetomidine with no airway manipulation to
general anesthesia with endotracheal intubation. The
anesthetic drug effects on the various target nuclei (STN
versus GPi) differ and are explained by the amount of
their GABA input. GPi neurons have a higher GABA
input compared with STN neurons and are more
suppressed by most anesthetic drugs.® The effects of
anesthetics on the Vim nuclei are not clear.

Anesthetic drugs effect on macrostimulation testing

Clinical stimulation testing is done to observe the
clinical benefits and adverse effects of DBS. An awake
and cooperative patient is essential. Use of short-acting
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Table 2: Effects of anesthetic agents on MERs

Anesthetic agent  Target Side effects Comments
dosing
Local anesthetics — — Sufficient analgesia in combination with injection
at pin insertion sites and scalp blocks
Benzodiazepines®™  — Amelioration of tremor
Interference with MER brain mapping
and testing of inserted leads
Impairs level of consciousness
Inability to cooperate with
intraoperative testing
Opiates — Rigidity™ Used in combination with other agents for sedation
Fentanyl Suppression of tremorsP! or general anesthesia
Remifentanil
Propofol ~50 mcg/ Dyskinetic effects!! Care must be taken to secure airway
kg/min Abolish tremort®”! In combination with opiates
Attenuation of MER signaling
Sneezing-interfere with physiological
mapping and sudden increase in
intracranial pressure that could result
in intracranial hemorrhage
Dexmedetomidine  0.3-0.6 mcg/ High dose can abolish MER?! Non-GABA mediated
kg/min Hypotension, bradycardial” Ideal sedative drug for DBS!

Does not ameliorate clinical signs of Parkinson’s
disease such as tremor, rigidity, bradykinesia or all
Attenuate hemodynamic and neuroendocrine
response to headpin insertion in patient
undergoing craniotomy and decreases concomitant
use of antihypertensive agents/!

Decreases intracranial pressure

drugs and stopping them before testing is advantageous
for clinical testing. General anesthesia usually interferes
with the evaluation of DBS by suppressing the
clinical symptoms such as tremors and rigidity.P3!
Paresthesia or abnormal motor activity associated with
stimulation of adjacent structures (internal capsule
and medial lemniscus) cannot be assessed in case of
general anesthesia. Examination of the optic track with
flash visual evoked potentials in patients undergoing
stimulation of the GPi nuclei and activation of internal
capsule with high intensity stimulus under general
anesthesia has been shown to be possible.’>®! Few
medical centers routinely perform DBS implantation
under general anesthesia and confirm the location with
the help of MRIP

Preoperative evaluation and preparation

Preoperative evaluation starts with careful patient
selection, which is a complex process as this determines
the successful outcome of DBS surgery. This is the
most important step towards better and consistent
result for DBS. DBS surgery failures of more than 30%
have been seen due to inappropriate indication(s) for
surgery. An individual risk-benefit evaluation for
each patient must be considered by approaching via
a multidisciplinary team, involving a neurosurgeon,

a neurologist, a neuropsychologist, an internist, a
neuropsychiatrist, and a neurophysiologist. Patients with
advanced Parkinson’s disease and excellent levodopa
(LD) response, younger age, non-LD-responsive motor
symptoms, very mild cognitive impairment, and absence
of or well-controlled psychiatric disease have shown
good outcomes. Application of these rigid criteria may
lead to the exclusion of a considerable number of patients
with Parkinson’s disease.!

A thorough airway assessment is required, and options
of securing the airway at any stage of the procedure
should be planned in advance in patients who are awake
for most part of the surgery. A patient with Parkinson’s
disease may have associated obstructive sleep apnea,
and it should be evaluated and managed appropriately.
Patients with chronic pain and psychiatric illness have
their own specific problems and they need to be managed
specially during perioperative stage.

The patient should be assessed for their ability to
cooperate during the awake part of the surgery. A full
explanation of each step of the procedure is mandatory.
Anxiety, preoperatively and during the procedure, may
lead to an increase in the arterial blood pressure, causing
a risk of intracranial hemorrhage. A careful history of
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implanted ferrous metals, pacemakers, and aneurysm
clips should be taken before MRI. Based on severity of
coexisting diseases, a plan for intraoperative positioning
and need for invasive monitoring should be determined.

The directions for the continuation or discontinuation of
disease-specific drugs should be given after discussion
with the neurosurgical team, because some patients
have to be in a “drug-off” state to elicit intraoperative
mapping and clinical testing. This creates additional
concerns to the perioperative care because it may
worsen the patient’s symptoms, especially in Parkinson’s
disease and dystonia. In case of severe symptoms,
a reduced dose of the regular medication can be
administered after discussion with the neurosurgical
team. Drugs used for the treatment of motor symptoms
should be held in overnight or the morning of surgery.
Benzodiazepines, opioids, and other sedatives should
be avoided as they interfere with the interpretation of
tremor preoperatively and cooperation during surgery
in awake condition. In case of patient noncompliance,
debilitating medical conditions that preclude safe
surgery, dementia, and extensive brain atrophy, DBS
surgery is contraindicated.”!

Anesthetic techniques

In reference to optimal regimen, most medical centers
have developed their own techniques to perform the
surgery considering neurosurgeons’ need and personal
preference. Various techniques have been explained:
Local anesthesia either in the form of infiltration at the
sites of pin or scalp block with monitored anesthesia
care, conscious sedation, and general anesthesia
using an asleep-awake-asleep (AAA) technique with
or without airway manipulation. Scalp block can
be achieved with local anesthetics by blocking the
auriculotemporal, zygomaticotemporal, supraorbital,
supratrochlear, occipital, and greater occipital nerves.
General anesthesia, however, may be required for
specific groups of patients who have an increased anxiety
for awake surgery, chronic pain syndromes, severe
movements due to “off drug” state, severe dystonia or
choreoathetosis, and pediatric patients. With adequate
patient education, anxiety can be minimized. An awake
technique has many advantages and most centers avoid
general anesthesia at least during the mapping phase
in order to best detect cellular activity and movement-
related responses to neurostimulation. Options include
monitored anesthetic care with or without sedation,
analgesia, or both.[®!

Many airway instrumentation adjuncts have been
described for the awake craniotomy, including nasal
cannula, facemask, awake fiberoptic endotracheal
intubation with local anesthetic infiltration, cuffed

oropharyngeal airway, and the laryngeal mask airway.
Airway intervention must be required due to limited
access to the restricted airway and tunneling of the
cable on the side of the neck. Rigid stereotactic frame is
normally placed on the patient’s head with the use of
local anesthesia for the pin sites or scalp block, which
is followed by MRI for localization and tabulating the
variables for DBS placement. Sometimes patients may
require sedation for frame placement or for MRI. If
intravenous sedation or general anesthesia has to be
given in the radiology room, adequate equipment and
support to provide anesthesia care must be present.
Airway interventions should precede placement of the
rigid stereotactic frame. Conventional laryngoscopy
is difficult with stereotactic frame in place and patient
positioning. In such cases, the airway should be secured
with fiberoptic endotracheal intubation or laryngeal
mask airway (LMA). Recently, LMA has become a
popular device for craniotomies. LMA is well tolerated
at lighter planes of anesthesia, easy to insert and remove,
and enables ventilation to be controlled. Increased risk
of regurgitation and aspiration should be considered in
patients with Parkinson’s disease before inserting LMA.

Monitored anesthesia care

In an “awake” technique, an anesthesiologist provides
patient comfort and helps eliciting clinical testing.
Subcutaneous infiltration with local anesthetic is used
at the pin sites and at the site of incision(s) for the bur
hole(s) for electrode insertion. Cranial nerve blocks
(supraorbital and greater occipital) are an alternative
because they have been shown to be less painful than
subcutaneous infiltration, although they did not result
in any difference in pain at the time of pin placement or
during surgery.®! The local anesthetic drugs frequently
used include bupivacaine, ropivacaine, and lidocaine
with and without epinephrine.? Local anesthetic
complications include toxic blood levels resulting
in seizures and respiratory and cardiac arrest. If the
procedure has been long, additional infiltration may be
required for closure.

Standard monitoring includes an electrocardiogram,
noninvasive arterial blood pressure, oxygen saturation,
and end-tidal CO,. Invasive blood pressure monitoring
may be indicated for blood pressure control. Patients
with severe movement disorders and spasticity pose
difficulty in monitoring. Supplemental oxygen is
delivered through nasal prongs or a face mask with an
outlet for end-tidal CO, and respiratory rate monitoring.
For awake patients, proper positioning is an important
step to ensure maximal comfort and cooperativeness. The
head and neck should be positioned with some degree
of flexion at the lower cervical spine and extension at
the atlanto-occipital joint to make the patient’s airway
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patent. The legs should be flexed and supported under
the knees to maintain stability when the head and back
are elevated to a sitting position. To aid in positioning,
special treatment modalities have been used such as
physiotherapy, small doses of levodopa, and intrathecal
hydromorphone.*#!! Adequate pain control, meticulous
patient positioning and padding, attention to thermal
control, and avoidance of excessive fluid administration
to prevent bladder distension are very important.
Patients should be encouraged to void before surgery,
in case required sheath catheter is a good alternative.

Obstructive sleep apnea patients may require continuous
positive airway pressure therapy intra-operatively.
The use of clear plastic drapes will make it easy for
the anesthesiologist to maintain verbal and eye contact
with the patient throughout the case. A good patient
communication, reassurance and motivation are all
necessary for better outcome in awake patients. In
a recent prospective trial of 200 patients, an awake
craniotomy with DBS lead placement was well tolerated,
with reduced intensive care time and hospital stay.*!

Conscious sedation

In some medical centers conscious sedation is used
for electrode insertion, especially during the opening
and closure of the procedure. Propofol is one of the
most commonly used drugs. Other drugs include
midazolam, opioids such as fentanyl or remifentanil, and
dexmedetomidine.[*%2»441 The use of benzodiazepines
is usually avoided.™! Propofol is generally used as a
target-controlled infusion and typically combined with
remifentanil or fentanyl. The mean infusion rates of
propofol reported in the literature are approximately
50 mcg/kg/min.®* Propofol provides titratable
sedation and a rapid, smooth recovery. In a study of 50
patients, comparing propofol infusion supplemented
with remifentanil or fentanyl for conscious sedation,
Manninen found that there was no difference in outcomes
among the groups, and most patients were completely
satisfied.*!! A retrospective analysis of AAA technique
using propofol and remifentanil found that adequate
conditions were obtained in 98% of patients, with a
median wake-up time of 9 min."”! Fifteen patients were
examined for the effects of propofol on MER signals and
it was found that adequate sedation was achieved with a
mean infusion dose of 50 mg/kg/min. This significantly
decreased the spontaneous activity of the STN neurons
and therefore interfered with optimal lead placement.
However, the effect of propofol was short-lived and
neuronal activity returned to baseline in 9.4 + 4.2 min
after propofol administration was terminated."® Khatib
retrospectively evaluated the perioperative risk for
250 patients undergoing DBS procedure. All patients
received local anesthetic before scalp incision. In

most cases, propofol was used primarily only during
the first 30-45 min of the case to facilitate head-frame
placement, with a mean infusion dose of propofol of
67.2+53.2mg/kg/min.®l They found total complication
rate of 11.6%, and the most common complications
were neurologic (3.6%) and psychological /psychiatric
complication (3.2%). The limitations of this study
were that this was a solitary institutional experience
using predominately one anesthetic technique, where
more than 90% of DBS procedures were performed
under propofol sedation, and only 2.3% of cases were
performed without supplemental sedatives or anesthetic
drugs.

Low-dose infusion rates (0.3-0.6 mcg/kg/h) of
dexmedetomidine may be a better choice due to its
non-GABA-mediated mechanism of action allowing
for MER, hemodynamic stability, and analgesic
properties.[”242! Optimal conditions for MER or
stimulation testing can be achieved with the use of
conscious sedation as long as short-acting drugs are
used and stopped before the recordings and testing.
Dexmedetomidine is a central-acting alpha, agonist
that offers sedation and anxiolysis and helps maintain
hemodynamic stability.[*! Dexmedetomidine has an
anesthetic-sparing effect and preserves respiration with
minimal respiratory depression, even with infusions
at the higher end of the dose range.™**] Patients can
also be awakened easily by verbal stimulation after
administration of dexmedetomidine. The cerebral
effects are consistent with a desirable neurophysiologic
profile, including neuroprotective characteristics.
Dexmedetomidine is particularly valuable when eloquent
areas (those involved in communication) of the brain are
stimulated and an awake, cooperative patient is required
for neurocognitive testing. Dexmedetomidine can be
used as a sole agent, an adjunct, or a rescue drug for
the awake craniotomy.*%! A retrospective study found
that dexmedetomidine provided patient comfort, did
not interfere with electrophysiological mapping, and
provided hemodynamic stability, thereby significantly
reducing the use of antihypertensive medication,
although supplemental antihypertensives were given.*
A retrospective chart review of 28 pediatric cases of
patients who underwent DBS implantation for dystonia
using combinations of dexmedetomidine- and propofol-
based anesthesia found that the patients tolerated
the procedure well and appeared comfortable.’ The
anesthesia was performed with a high degree of safety
and minimal side effects or intraoperative complications
were noted.

Recently, Sassi conducted a study on 23 randomized
patients for DBS surgery under dexmedetomidine.®!
He found that there were no hemodynamic instability,
respiratory depression, and other side effects. They
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concluded that dexmedetomidine should be considered
as a valuable option for sedation in poorly collaborating
patients undergoing DBS surgery.

The depth of anesthesia is usually monitored to titrate
sedation and the states of arousal during DBS insertion
have shown conflicting outcomes. The accuracy of
bispectral index (BIS) monitoring during MER is
questionable because the effects of anesthetics are
heterogeneous across the different parts of the brain,
and there is dissociation between the neocortical and
subcortical effects of IV and inhaled drugs.! Schulz
found that the use of BIS did not offer any advantages
regarding the time to arousal, total propofol consumption,
and cardiopulmonary stability . They have not studied
about effects on MER. Elias showed a positive result for
the use of BIS monitoring for titrating dexmedetomidine
sedation.” They found that the subthalamic MER signals
were equivalent to the awake state when sedation was
titrated to an easily arousable state (BIS value >80)
in patients with Parkinson’s disease. However, deep
sedation (BIS <80) suppressed MER signals.

General anesthesia

General anesthesia for DBS surgery may be a good
alternative in patients who cannot tolerate local anesthesia
or monitored anesthetic care due to excessive fear,
anxiety, reduced cooperation, or severe “off-medication”
effects. General anesthesia may provide a higher
level of acceptance for DBS surgery by some patients.
Intraoperative mapping and stimulation testing will
be difficult under general anesthesia. There has been a
hesitation for general anesthesia, as optimal targeting of
the STN with intraoperative MERs is usually performed
under local anesthesia.”! Experience in intraoperative
micro-recording of STN under GA is sparse, and
neuronal firing patterns are not well characterized.!
Yamada®!in a case control study of 25 patients compared
a nitrous-sevoflurane-opioid technique versus local
anesthesia and found that general anesthesia in patients
with Parkinson’s disease did not adversely affect
postoperative improvements in motor and daily activity
scores, except for “off-medication” bradykinesia. A year
later, Lin™® found that desflurane anesthesia allowed
adequate MERs for successful DBS insertion. Braun®™!
retrospectively studied the effect of general anesthesia
during electrode placement on the clinical outcome
of DBS of the subthalamic nucleus (DBS-STN). They
analyzed 47 consecutive patients (grouped in 5) who
underwent DBS-STN and found that there were no
significant differences between the 5 groups of patients
in respect to improvement of Parkinsonian symptoms.

Recently, Lettieri®® evaluated changes in subthalamic
nucleus’ neuronal activity in Parkinson’s disease

patients during DBS surgery under general anesthesia
and compared this data with those recorded in the
same subjects during previous surgery under local
anesthesia. They used ketamine and remifentanil bolus
for induction and infusion for maintenance. There
was no statistically significant difference between
the first and second surgical procedures in any of the
neurophysiological parameters analyzed. The authors
also concluded that bilateral STN-DBS for advanced
Parkinson’s disease with MER guidance is possible and
reliable under a ketamine-based anesthetic protocol.
Thus, DBS insertion under general anesthesia is possible
with careful titration of anesthetics and with the use
of limited electro-physiologic mapping. Randomized
controlled studies are needed to compare the long-term
clinical benefits of patients undergoing DBS insertion
under general anesthesia with that of local anesthesia.

Perioperative complications

The placement of DBS is potential for adverse outcomes
during perioperative period [Table 3]. The DBS surgery
merits utmost vigilance and rapid recognition and
treatment of the complications. An intraoperative
incidence of adverse events of 6.96% was seen in a
series of 158 cases reviewed by Khatib for DBS surgery
under sedation with propofol or dexmedetomidine.?!
These were coughing, sneezing, aspiration, pulmonary
edema, combative behavior/agitation/confusion,
bronchospasm, angina, and intracranial hemorrhage.
In another study by Venkatraghvan, the intraoperative
adverse complications were noted in 16% cases (out of
172 DBS cases), and the most frequent complications
were seizure (4.5%) and hypertension (3.9%).1° At
Baylor College of Medicine Parkinson’s Disease Center
and Movement Disorders Clinic, Kenny retrospectively
reviewed a total of 319 patients who underwent DBS
from 1995 to 2005.[I They found that over all neurological
adverse events were 3% and cardiovascular adverse
events were 4.9%. Khatib again reviewed 258 electrode
insertion procedures under a variety of techniques
and observed that the most common neurological
complications were intracranial hemorrhage and
seizure.®! Overall, intraprocedure complications were
reported to occur in 12-16% of patients.**]

Airway compromise is an important consideration
with the conscious sedation. Intraoperative respiratory
complications occur in 1.6-2.2% of patients.l8 A
stereotactic head frame makes airway access limited.
A gradual shift of the body with neck flexion often
occurs during surgery and may make talking difficult
and even obstruct the airway. In the awake patient, this
may be aggravated with sedation or intracranial events
such as seizures or hemorrhage leading to a decreased
level of consciousness. Appropriate airway equipment
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should be readily available because managing the
airway in a patient with a rigid head frame poses a
daunting challenge. If possible, one should secure the
airway without the removal of the patient’s head frame,
so the surgery could be continued. In an emergency
situation, securing the airway with LMA may be the
most appropriate action.

4.5

Other respiratory complications are related to the
patient’s specific diseases. Patients with Parkinson’s
disease may have pulmonary dysfunction from poor
respiratory muscle function resulting in reduced forced
vital capacity and reduced baseline arterial oxygen
saturation, upper airway obstruction, dysarthria, and
obstructive sleep apnea.l'2#¢1 Respiratory insufficiency
may be caused by associated chronic obstructive
pulmonary disease or the absence of anti-Parkinson
medications in the postoperative period.

Cardiovascular adverse events can lead to devastating
complications. Hypertension is a common intraoperative
event and can be related to poor preoperative control,
patient distress, or anxiety during the procedure, or
can be secondary to other events. Hypertension has
been associated with increased risk of intracerebral
hemorrhages.[®>®! Arterial blood pressure must be
controlled before the insertion of the electrode to
prevent intracranial hemorrhages. During procedure,
comfortable positioning and reassurance may ease
distress. Dexmedetomidine sedation is advantageous.!”!
Frequently used drugs include labetalol, hydralazine,
nitroglycerine, sodium nitroprusside, and esmolol. The
optimal level of blood pressure is not well-defined; one
may use a systolic blood pressure of <140 mmHg or a
20% increase of the patient’s usual range.[® Few studies
have suggested decreased incidence of intacranial
hemorrhages in DBS surgery under general anesthesia.l®!
Orthostatic hypotension may result from Parkinson’s
disease itself or anti-Parkinson medications and might
be further aggravated by the vasodilating effects of
anesthetics and perioperative hypovolemia. Glossop
and Dobbs!®! reported two patients who experienced
chest pain, tachycardia, hypertension, and oxygen
desaturation during insertion of a DBS under local
anesthesia. This was accompanied with ST segment
changes and increased troponins, although further
testing showed normal coronary arteries. They attributed
the symptoms to abnormal vasoactive responses
resulting in coronary vasospasm.
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Other less cardiovascular complications include venous
air embolism.[*! Semi-sitting position in a hypovolemic
patient increases the risk. During creation of the bur hole
in awake patients, sudden vigorous coughing may be a
sign of venous air embolism. Other signs are unexplained
hypoxia, tachycardia, tachpnea, chest discomfort, and

“includes respiratory arrest, airway obstruction, prolonged intubation, postoperative ARDS, nosocomial pneumonia, aspiration. ® including intraoperative/ postoperative myocardial infarction, new onset angina,

new onset congestive heart failure, and systemic arterial hypertension.

Coughing/moaning/
Venous air embolism

Airway obstruction
sneezing

Respiratory distress
Hypertension

Chest pain
Vasovagal response

Syncope
Nausea/vomiting

Excessive pain
Blood loss

Arrhythmia
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hypotension. Early detection may be possible with
precordial Doppler monitoring. The incidence of venous
air embolism as detected by a precordial Doppler
ultrasound has been reported to be 4.5%. Hooper et al.[®®!
in their small study of 21 patients noted 1 venous air
embolism (1 of 22 lead insertions), and the important
predictors were patient positioning and the occurrence
of coughing. Tension pneumocephalus has also been
reported during DBS insertion, which occurs due to
cerebrospinal fluid leakage from burr holes.*”!

DBS insertion may cause neurologic complications
during or after the procedure.l® Focal deficits such
as extremity weakness or confusion may not require
any acute treatment by the anesthesiologist. Seizures
have been reported to occur in 0.5-4.5% of patients and
often occur during stimulation testing.*l Most seizures
that occur during procedure are focal and self-limited.
Few patients may require small doses of midazolam or
propofol. A sudden loss of consciousness resulting from
an intracranial bleed or neurologic injury will require
rapid and more aggressive treatment.

Themistocleous!®! has also reported occurrence of
neurolept malignant syndrome in patient for DBS surgery
and he suggested that it occurs due to discontinuation
of anti-Parkinson medication.

Conclusion

Ablative procedures can be effective for the symptoms of
movement disorders but they may render a permanent
lesion in the targeted nuclei and are therefore not
reversible. For more than 2 decades, DBS has increasingly
substituted ablative procedures such as thalamotomy
and pallidotomy. Most medical centers have developed
their techniques of performing DBS procedure depending
upon neurosurgeons’ need and patients’ status. An
option includes monitored anesthesia care with or
without sedation, conscious sedation, and general
anesthesia. Most of the recent studies recommend use
of low dose dexmedetomidine and remifentanil along
with scalp block for adequate sedation and analgesia
with least interference to MERs, early recovery, and
less perioperative complications. However, general
anesthesia may be required for specific groups of patients
such as increased anxiety for awake surgery, chronic pain
syndromes, severe movements due to “off drug” state,
severe dystonia, or choreoathetosis.
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