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Anaesthetic management and perioperative

complications during deep brain stimulation surgery:

Our institutional experience

Renu Bala’?, Arvind Chaturvedi?, Mihir P Pandia?, Parmod K. Bithal?

Abstract

Background: Deep brain stimulation (DBS) surgery is an established therapeutic option for alleviating movement disorders.
It represents unique challenges for anaesthesiologists.VWe retrospectively reviewed the patients, who underwent this surgery
at our institution, to study anaesthetic management and perioperative complications. Materials and Methods: After
taking approval from the Institutional Ethics Committee, medical, surgical and anaesthesia records of 67 patients who
were admitted to undergo DBS surgery during | | years period (January 2001 to December 201 1) were retrieved and
reviewed. Sixty-five patients underwent the procedure. Various anaesthetic events and perioperative complications
were noted and appropriate statistical analysis was carried out to analyse the data. Results: Electrode placement
under monitored anaesthesia care (MAC) was the most commonly used technique (86% of patients). Intra-operative
complications occurred in |6 patients (24%) whereas post-operative complication occurred in |0 patients (15.4%).There
was one mortality. Though age >60 years and American Society of Anesthesiologists status >Il were found to be the
risk factors for post-operative complications in the bivariate analysis; they were not significant in multivariate analysis.
Conclusions: We report our experience of DBS surgery, which was performed using MAC in majority of patients,
though general anaesthesia is also feasible. Further prospective randomised studies comprising large number of patients
are warranted to corroborate our finding and to find out the most suitable sedative agent.
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INTRODUCTION

Deep brain stimulation (DBS) surgery is gaining
increasing popularity ever since its introduction in 1987
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for treating intractable Parkinson’s disease. United States
Food and Drug Administration has given approval for
its use in Parkinson’s disease, dystonia and tremors.
However, its indications and applications are expanding
and include other disorders such as Alzheimer’s disease,
obsessive compulsive disorders, chronic pain and
epilepsy. The procedure involves two stages; electrode
insertion into the target area and battery placement in
chest wall. The target sites are deep brain structures
such as subthalamic nuclei (STN), globus pallidus
internal (GPi) and ventralis intermedius nucleus. STN
stimulation is preferred for Parkinson’s disease and GPi
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for dyskinesia. High-frequency stimulation of target
sites modulates their action and hence improves the
symptomatology of the patients. However, the exact
mechanism of action of DBS surgery is still unknown.!?

The procedure is performed with patient awake and
the anaesthetic management of patients undergoing
DBS surgery is a very challenging and demanding
task due to the combination of factors which may be
disease-, age- or procedure-related. The anaesthetic goals
are (a) to provide good surgical conditions and patient
comfort, (b) to facilitate intra-operative monitoring
(microelectrode recording [MER] and macrostimulation
for target localisation) and (c) to rapidly diagnose
and treat complications, which may arise during the
procedure.

Since the literature on DBS surgery, especially anaesthetic
implications, is scarce; we conducted a retrospective
review of patients who underwent this procedure at our
institute during last 11 years, with the primary objective
to describe the anaesthetic management and various
complications encountered during the procedure. The
secondary objectives were to study the correlation of
perioperative complications with patient-related factors
or anaesthetic techniques and whether the occurrence of
complications was associated with prolonged hospital
stay.

MATERIALS AND METHODS

This retrospective study included all the patients who
underwent DBS surgery from January 2001 to December
2011 (11 years).

Medical records were retrieved to review the details
of the patients. Anaesthesia records, surgical records
and discharge summaries were reviewed. Patient’s
demographic profile including age, sex, weight, American
Society of Anesthesiologists (ASA) physical status were
noted. Pre-operative notes were sought to know the
indications for DBS surgery, presence of co-morbid
conditions and type of anti-parkinsonian medications.
Pre-operative investigations such as haemogram, blood
biochemistry, chest X-ray, electrocardiograph (ECG) and
magnetic resonance imaging were recorded.

Intra-operative data such as the type of anaesthesia
administered, level of sedation as per Ramsay Sedation
Scale (RSS), methods to secure airway, duration of
surgery and anaesthesia, parameters monitored, fluids
administered, urine output were noted. Electrode
placement and battery placement whether done in single
or two sitting were noted. Any complications pertaining
to anaesthesia or surgery such as nausea, vomiting,
convulsions, haemodynamic changes, respiratory events
if any were also noted. Post-operative data were analysed

for days of mechanical ventilation and days of hospital
stay.

Statistics

Statistical analysis was done using Statistical Package
for Social Sciences (SPSS) Version 20 ( SPSS Inc, Chicago,
IL). The categorical data were compared by applying
Chi-square test or Fischer’s exact test (wherever applicable).
Numerical data were compared using Student’s t-test/
Mann-Whitney U-test. To compare complications
during and after the surgery, McNemar test was applied.
Univariate and multivariate logistic regression were
applied to find out the risk factors for complications at
the end of surgery. The P < 0.05 was taken as significant.

RESULTS

A total of 67 patients were admitted to undergo
DBS surgery during 11 years (January 2001 to
December 2011) period. Two patients were excluded; one
for non-cooperation during the surgery and the surgeon
wanted surgery in awake patient, another because of
intractable hypertension despite anti-hypertensive
therapy. Out of remaining 65 patients, 63 patients had
both electrode and battery placement whereas in two
patients, battery placement was deferred. Of these
two, one patient had intracranial haematoma for which
craniotomy and evacuation of haematoma was done and
the second patient developed fever due to dengue viral
infection. Both the patients were discharged from the
hospital without the second stage of surgery.

Table 1 shows the demographic profile of the patients.
Majority of them were of ASA status II. The most
common co-morbidity was hypertension, which was
seen in 13 patients (20%). It was associated with coronary
artery disease in five patients and diabetes mellitus in
four patients. Hypertension and diabetes mellitus were
well controlled with drugs. In most of the patients,

Table 1: Demographic profile and American
Society of Anesthesiologists status

Parameters Values
Age (years) 50.8+15.3 (13-75)
Weight (kg) 58.6+13.6 (30-90)
Gender (%)

Male 40 (61.5)

Female 25 (38.5
ASA-status (%)

I None

1I 47 (72.3)

i} 18 (27.7)

Age and weight expressed as mean+SD and range. Gender and ASA
status as number of patients and percentage. ASA=American Society of
Anesthesiologists, SD=Standard deviation
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indication for DBS surgery was Parkinson’s disease that
is shown in Table 2.

The surgery was accomplished as two-staged procedure
in 34 patients and single-stage procedure in 31 patients.
The average surgical duration for electrode and
battery placement was 7 h and 2 h, respectively.
Frame application was done with local anaesthetic
infiltration of scalp at pin sites in all patients. In majority
of patients, electrode placement was done under
monitored anaesthesia care (MAC) with mild (n = 50) or
sometimes without sedation (n = 6). RSS was used for
assessing sedation level (mild sedation = score of 2-3).
The drugs used for sedation are depicted in Table 3.
Midazolam (0.03 mg/kg) and fentanyl (1 mcg/kg)
were administered intravenously as boluses whereas
propofol was administered in the form of infusion in
the dose of 25-50 mcg/kg/min. Dexmedetomidine
was administered in the loading dose of 1 mcg/kg
over 10 min followed by infusion of 0.2-0.4 mcg/kg/h.
General anaesthesia (GA) with endotracheal intubation
was administered to nine patients who had severe
dystonia. Standard anaesthesia technique comprising
fentanyl (2 mcg/kg), propofol (1.5-2.5 mg/kg),
rocuronium (0.1 mg/kg) and oxygen (35%) and nitrous
oxide (65%) in isoflurane (0.8-1 MAC) was used.
Intra-operative monitoring during MAC included
heart rate, ECG, non-invasive blood pressure, oxygen
saturation, skin temperature (axillary), end tidal CO,
and urine output with Foley’s catheter Oxygen was
administered through nasal prongs with the facility of
EtCO, monitoring. Battery placement was done under
GA with endotracheal intubation or laryngeal mask
airway (LMA) in 46 and 17 patients, respectively. Classic
LMA was used in 7 patients and ProSeal LMA in 10.
Fifty-one patients were extubated in operating room
but two of them required reintubation as their level of
consciousness deteriorated. A total of 13 patients were
shifted with endotracheal tube for elective ventilation
and all of them were extubated in Intensive Care Unit
within the first two post-operative days. The reasons for
elective ventilation were surgeon’s request (5 patients),
prolonged surgery 210 h (4 patients) and poor level of
consciousness (4 patients).

Intra-operative complications were observed in
16 patients (24%), the most common being
hypertension (11 patients); only four of these patients
were known hypertensive and remaining had no
history of hypertension. Hypertension persisted despite
adequate pain relief and anxiolysis in 10 patients, hence
anti-hypertensive therapy was given (boluses of labetolol
[n=>5], esmolol [ =2], diltiazem [n = 1] and nitroglycerine
infusion [n = 2]). Post-operative complications were
encountered in 10 patients (15.4%) and the most common
were intracranial haemorrhage (ICH) and behaviour

problems (2 patients each). Various perioperative
complications are depicted in Tables 4 and 5. There
was one mortality in our study. This patient developed
intra-cranial haematoma postoperatively which was

Table 2: Indications for the surgery

Indication n (%)
Idiopathic Parkinson’s disease 50 (76.9)
Young onset Parkinson’s disease 6 (9.2)
Dystonia 9 (13.8)
n=Number of patients
Table 3: Intra-operative data
n (%)
Surgery done as (%)
Single-stage 31 (47.6)
Two-stage 34 (52.3)
Electrode placement done with (%)
MAC without sedation 6(9.2)
MAC with sedation 50 (76.9)
GA 9 (13.8)
Sedation with (%)
Midazolam 3 (4.6)
Fentanyl 2(3.0)
Dexmedetomidine 4(6.1)
Mixed 41 (63.0)

n=Number of patients, MAC=Monitored anaesthesia care, GA=General
anaesthesia

Table 4: Intra-operative complications

Complication n (%)
Hypertension 11 (16.9)
Arrhythmias 1(1.5)
Bradycardia 1(1.5)
Venous air embolism 1(1.5)
Tension pneumocephalus 1(1.5)
Bronchospasm 1(1.5)
n=Number of patients

Table 5: Post-operative complications
Complication GA (%) MAC (%)
Intra-cranial haemorrhage 2 (3)
MCA infarct 1(1.5)
Focal deficit 1(1.5)
Behavioural problems 1(1.5) 1(1.5)
Electrolyte imbalance 1(1.5)
Others (fever, fall, etc.) 3 (4.5)

MCA=Middle cerebral artery, GA=General anaesthesia, MAC=Monitored
anaesthesia care
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evacuated but the patient died due to multiple organ
failure after 33 days.

The median duration of hospital stay was ten days.
Post-operative complications prolonged hospital
stay from mean of 10.7 days to 25.7 days and it was
statistically significant (P = 0.02).

Though there was a positive correlation of pre-operative
hypertension with intra-operative hypertension, it was
not significant [Table 6]. Further, no association between
the intra-operative complications and post-operative
complications was found (P = 0.82).In bivariate analysis,
age >60 years and ASA status >II were found to have a
positive correlation with post-operative complications
[Table 7]. However, in multivariate analysis, they were
not statistically significant [Table 8].

DISCUSSION

The DBS surgery involves two stages. First, the insertion
of electrode into the target areas of the brain, which are
small and deeply located. Frame-based imaging is used
to locate them. Attachment of frame requires tightening
of pins into the scalp which is an intense nociceptive
stimulus resulting in abrupt increase in blood pressure
and heart rate which may be harmful in patients with
hypertension and coronary artery disease.’! Further,
these responses may lead to brain oedema, increase
in intracranial pressure or ICH.!! We attached frame
following local anaesthetic in filtration at pin site
although supraorbital and greater occipital nerve blocks
have also been used.!

The patient should be awake and cooperative for
macrostimulation testing and administration of
anaesthetics may interfere with MER also.™! Majority
of our cases were under MAC with minimal (Ramsay
sedation score 2 or 3) or no sedation. The frequently used
drugs for sedation are midazolam, fentanyl, remifentanil,
propofol and dexmedetomidine. Propofol has been
most widely used either as a bolus or continuous
infusion because of its short half-life, ease of titrability
of depth of sedation and excellent patient tolerance.!!
However, there are various drawbacks with this drug
such as a tendency to abolish tremors, induce sneezing
and attenuation of MER.M In addition, if target control
infusion is used, pharmacokinetic behaviour of propofol
may be different in patients with Parkinson’s disease.”!
It is devoid of analgesic effects for which opioids are
added; both can aggravate respiratory depression. We
administered bolus fentanyl (1 mcg/kg) to our patients
whenever we used propofol for sedation and did not
observe any respiratory event. Dexmedetomidine is
a selective alpha-2 agonist and is creating a niche for
itself in neuroanaesthesia practice owing to its unique

Table 6: Association between pre-existing hy-
pertension and intra-operative hypertension

Pre-existing Intra-operative OR p
hypertension hypertension

Yes No
Present 4 10 2.5 0.23
Absent 7 42

OR=0dds ratio

Table 7: Bivariate analysis of various variables
with post-operative complications

Present Absent P  OR with CI

Age (years)
<60 4 41 0.01  5.5(1.3-21.8)
>60 7 13

ASA-status
Tand II 5 42 0.029 4.2 (1.0-16.1)
>11 6 12

Gender
Male 7 33 0.875 1.1(0.2-4.2)
Female 4 21

Stage
Single stage 3 28 0.137 0.3 (0.08-1.4)
Two-stage 8 26

Anaesthesia
GA 1 8 0.722 1.4 (0.16-13.4)
MAC 10 46

Airway

management
Endotracheal 8 38 0.225 3.5 (0.41-30.8)
tube
LMA 1 16

Extubation
oT 7 45 0321 0.4 (0.1-2.1)
ICU 4 9

Intra-operative

complication
Yes 3 13 0.822 1.18 (0.27-5.12)
No 8 41

GA=General anaesthesia, MAC=Monitored anaesthesia care, ASA=American
Society of Anesthesiologists, LMA=Laryngeal mask airway, ICU=Intensive
Care Unit, Cl=Confidence interval, OR=0dds ratio, OT=Operation theatre

Table 8: Results of multivariate analysis

p OR 95% CI
Age 0.052 0.23 0.05-1.01
ASA-status 0.215 2.83 0.61-13.10

ASA=American Society of Anesthesiologists, Cl=Confidence interval,
OR=0dds ratio
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properties of haemodynamic stability, analgesia,
sedation without respiratory depression. There are
reports of successful awake craniotomy conducted
using this drug.[®! Moreover, it has been reported
to abolish dyskinesia associated with propofol in a
parkinsonian patient during DBS implant.'! Rozet
et al. in a retrospective review reported that during DBS
surgery dexmedetomidine sedation did not interfere
with electrophysiological monitoring; provided
haemodynamic stability and patient comfort.” We also
had similar results in four patients in whom we used
dexmedetomidine infusion for sedation.

GA with tracheal intubation was administered to nine
patients who had dystonia because their continuous
movements would have caused difficulty for surgeons to
locate the target nuclei. Maltéte et al. found that general
anaesthesia with propofol was feasible for STN electrode
placement in patients with Parkinson’s disease but residual
motor disability and intensity of stimulation was slightly
higher in patients under general anaesthesia.'” However,
their results were not reproduced by subsequent studies
by Yamada et al. and Lin et al., who observed no difference
between awake technique and general anaesthesia in
terms of MER and post-operative outcome.¥ We also
found both techniques acceptable but in the absence of
long-term follow-up of patients in our study, it is difficult
to comment on the superiority of one technique over the
other.

The second stage or battery placement requires tunnelling
which is a painful event, hence performed under GA.
The surgery is a minor procedure and of short duration
favouring the use of LMA. The main concern is the risks
of aspiration which is more in patients with Parkinson’s
disease.” The head tilt towards one side is fraught
with risks of displacement of LMA. In our study, out of
17 patients in whom LMA was used, displacement was
encountered in one patient and it was repositioned and
the patient did not have any respiratory sequelae. ProSeal
LMA and classic LMA are stable in different head and
neck positions per se.'® We did not encounter any other
adverse event. Literature does not have any comparative
study between the use of LMA and endotracheal tube in
DBS surgery for battery placement. We opine that use of
LMA is safe for battery placement.

A wide array of complications can occur during
this procedure such as intra-cerebral haematoma,
seizures, ischaemic stroke, hypertension, dyskinesia,
etc., In our study, intra-operative complications
occurred in 16 patients (24%) and post-operative in
10 patients (15.4%). Intra-operative complications
were slightly higher than the reported incidence of
intra-operative complications (9.3-16%) probably due
to learning curve.!”-%

There was 17% (11 patients) incidence of intra-operative
hypertension. Venkatraghavan et al. reported
intra-operative hypertension in 4% (7/172) of patients
undergoing DBS surgery and they needed treatment for it.
In their study, five patients were known hypertensive.!™!
In our series, though there was a positive correlation
in four patients between pre-existing hypertension
and intra-operative hypertension, it was statistically
insignificant. Probably, the small sample size of our
study was not sufficient to detect a significant difference.

Cardiac rhythm disturbance may result from central
cause (such as stimulation of hypothalamus) during
the procedure. We observed rhythm perturbations in
10 patients (8 had tachycardia, one had supraventricular
arrhythmia whereas another had bradycardia).
Disturbances from central cause do not need any
pharmacological intervention but require cessation of
stimulation. Animal studies have shown that stimulation
of paraventricular region in hypothalamus can cause
haemodynamic disturbances.?"!

ICH is a devastating complication of DBS surgery
and can lead to a permanent neurological deficit. It
may be the result of inadequate haemostasis or due
to intra-operative hypertension. In our series, two
patients (3%) developed ICH, which is in concordance
with the reported incidence in DBS surgery (2-4%).%!
While one of them had no history of hypertension, the
second patient was a known hypertensive on therapy.
None of them had any episode of intra-operative
hypertension. The latter patient died because of multiple
organ failure. Blood pressure must be controlled
optimally (systolic blood pressure <140 mmHg or
within 20% of patient’s usual range) to prevent risks of
intra-cerebral haemorrhage.”"! The reported incidence of
intra-operative hypertension in literature is 0.6-3.9%.1181!
If intra-operative hypertension persists despite ruling out
known causative factors (patient’s discomfort, anxiety,
pain, central cause), anti-hypertensive medications
should be administered.

The incidence of intra-operative respiratory complications
during DBS surgery has been reported to be 1.6-2.2%
with airway obstruction in 1.1% of patients.'31%l The
possibility of airway obstruction and difficult airway
access should be considered in patients undergoing
surgery under MAC with sedation especially with
propofol and narcotic combination. Presence of
stereotactic frame can make airway management
further difficult. We did not find airway obstruction in
any patient. However, we encountered bronchospasm
in one patient who was undergoing battery placement
under GA with LMA in situ. Aspiration was ruled out
and probably light plane of anaesthesia was the reason
and it did not require any intervention.
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Other infrequent complications during DBS surgery
under MAC are venous air embolism (VAE) and tension
pneumocephalus.?>? We too encountered one case of
VAEin our series. Possible predisposing factor apart from
semi-sitting posture is hypovolaemia in these patients.
Poor oral intake in these patients is a potential reason for
causing hypovolaemia. Slow and continuous egress of
cerebrospinal fluid from cranial burr holes predisposes
them to pneumocephalus. We too observed tension
pneumocephalus in one of our patients confirmed with
computed tomography scan. The condition resolved with
conservative management (oxygen inhalation) after 18 h
without any sequelae.

In bivariate analysis, our study showed that age >60 years
and ASA >II were the risk factors for the occurrence
of post-operative complications, but in multivariate
analysis, no independent association between these
factors and post-operative complications was detected.
Khatib et al. showed age >64 years having strong
correlation with complications in patients of DBS
surgery.l'””! The slight difference of age with our study
could be because of health status variability between
various demography or due to the difference in the
experience of neurosurgeons. With increasing age,
the ability to withstand long and stressful procedure
become limited. The same holds true for ASA status
also. While intra-operative complications were transient
and self-limiting and had no influence on hospital-stay;
however, the post-operative complications prolonged
the hospital stay significantly (P = 0.02).

CONCLUSION

The present study demonstrates that DBS surgery can
be accomplished under MAC safely and successfully
though GA can also be used for the procedure. Although
the retrospective nature of data collection and small
sample size are the limitations of our study, it provides
important addition to the knowledge of anaesthetic
technique in patients undergoing DBS surgery. Large
prospective studies are warranted to compare various
anaesthetic regimens (awake and sedation with different
intra-venous agents) on the outcome of surgery for DBS
and especially to find out the usefulness of newer drugs
such as dexmedetomidine and remifentanil.
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