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Executive summary

The procedure

Deep brain stimulation (DBS) involves the placement of electrical leads into one
(unilateral) or both (bilateral) sides of the basal ganglia of the brain. The targets used for
DBS are currently the thalamus, the subthalamic nucleus (STN) and the globus pallidus
internus (GPi). Symptoms such as tremor or dyskinesias (abnormal involuntary
movements) determine which part of the brain should be targeted. The DBS procedure
is generally performed in two separate steps — implantation of leads followed by
implantation of the neurostimulator to which the leads are connected.

For individuals with Parkinson’s disease (PD) the key indication for DBS is that medical
therapy no longer provides a smooth or sustained motor response. Before individuals
proceed to DBS it is desirable for two neurologists to agree that all drug manipulations

have been exhausted. DBS currently has interim funding on the Medicare Benefit
Schedule.

Medical Services Advisory Committee — role and approach

The Medical Services Advisory Committee (MSAC) is a key element of a measure taken
by the Australian Government to strengthen the role of evidence in health financing
decisions in Australia. MSAC advises the Australian Government Minister for Health
and Ageing on the evidence relating to the safety, effectiveness and cost-effectiveness of
new and existing medical technologies and procedures and under what circumstances
public funding should be supported.

A rigorous assessment of the available evidence is thus the basis of decision making
when funding is sought under Medicare. A team from Monash University was engaged to
conduct a systematic review of literature on deep brain stimulation for the treatment of
symptoms of Parkinson’s disease. An Advisory Panel with expertise in this area then
evaluated the evidence and provided advice to MSAC.

MSAC’s assessment of deep brain stimulation for the symptoms
of Parkinson'’s disease

Clinical need

The incidence and prevalence of PD are estimated to be 85 and 289 per 100,000,
respectively. Currently, DBS for the symptoms of PD is billed under a number of
Medicare Benefit Schedule Item numbers. For the 2004-05 financial year, a total of 70
patients underwent surgery for unilateral DBS (MBS Item number 40850) or bilateral
DBS (MBS Item number 40851).
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Safety

The safety of DBS for the symptoms of PD was assessed from 42 case series. Findings
from these studies indicated the risk associated with DBS, but did not allow quantitation
of those risks compared with standard medical therapy (SMT). Some adverse events were
reported to be transient or resolved with treatment; however a number were reported to
be irreversible.

Nine studies, including a total of 244 participants, reported complications that occurred
during surgery. One study reported that one of 25 (4.0%) participants experienced an
ischaemic stroke. Haemorrhages and haematomas were reported to occur at a rate of
between 2.1 (1/48 participants) and 7.1 (1/14 participants) per cent, and 2.1 (1/48
patticipants) to 12 per cent (3/25 participants), respectively, in individual studies.

Confusion was reported in two studies, with an incidence ranging from 6.9 (5/72
patticipants) to 21.4 (3/14 participants) per cent. Electrode repositioning/misplacement
of electrodes/lead migration were reported to occur at a rate of between 6.1 (2/33
patticipants) and 14.3 (2/14 participants) per cent in three studies. One study reported
that eight of 33 (21.2%) participants experienced transient intra-operative psychosis and
another study reported that all of the eight participants enrolled experienced slight hand
paresthesia.

Thirty-nine studies, including a total of 791 participants, reported hardware-related and
stimulation- and target-related complications following surgery with follow-up to a
maximum of 60 months. Of the hardware-related complications, nine studies reported
complications relating to electrode and lead problems, with the events occurring at a rate
of between 1.4 (2/141 participants) to 46.0 (6/13 participants) per cent in the individual
studies. Other hardware-related adverse events included battery depletion and
malfunctions that occurred at a rate of between 12.1 (4/33 participants) and 84.6 (11/13
participants) per cent in the individual studies. Three studies explicitly reported
stimulation- and target-related complications that included ballism/chorea,
blepharospasm, eyelid apraxia, increased weight and hypophonia.

Adverse events, described as being irreversible, were reported in 13 studies. Two studies
reported weight gain in 2/6 participants (33.3%) and 29/33 participants (87.9%). One
study each reported:

e  cognitive changes and increased parkinsonian symptoms in 1/25 participants (8.0%);
e fluctuating cognitive, behavioural and mood disorders in 1/20 patticipants (5.0%);

e psychosis and severe depression in 5/77 participants (6.5%);

e  dysarthria in two (4.2%), disabling dyskinesias in two (4.2%) and apraxia of eyelid
opening in three (6.3%) of 48 participants;

e leg dysesthaesia in one (7.1%) and ataxia in one (7.1%) of 14 participants;

e  hallucinations in five (10.2%), dementia in three (6.1%) and apathy in seven (14.3%)
of 49 participants;

e  worsening or development of dysphagia in 3/27 participants (11.1%);
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e depression in 1/15 participants (6.7%);

hypophonia in 12 (36.4%) and limb dystonia in one (3.0%) of 33 participants;
e confusion in 10/84 participants (11.9%); and
e intracerebral haemorrhage in 2/113 participants (1.8%).

Whilst these adverse events were reported to be irreversible in nature, weight gain for
example would not require cessation of DBS. In fact, expert opinion suggests that weight
gain may be a desirable outcome since weight loss is common in advanced PD. In
addition, the reported adverse events may be reversible upon cessation of stimulation.

Three of the five Australian case series (of up to 153 participants with up to 49 months
of follow-up) reported the need to reposition the electrodes in some patients. Another
study reported that some patients had developed infection at either the pacemaker box
or the extension wires going towards the brain. This problem was resolved following
removal of the device and its replacement only after complete recovery from the
infection. Some patients experienced confusion as a result of surgery and there were two
cases of urinary tract infection that were also considered minor complications of surgery.
The major complications relating to surgery were two cases of cerebral haemorrhage, of
which one left the patient with significant cognitive sequelae that necessitated supervised
care and the other led to death of the patient from intracerebral haemorrhage three
weeks after the procedure. In relation to complications associated with stimulation, there
were several reports of patients experiencing dysarthria and hypophonia and, to a lesser
degree, emotional lability.

Assessment of the safety of DBS for the treatment of symptoms of PD was limited by:
e follow-up of participants to a maximum of only 60 months in the studies; and
e the lack of information about the comparative safety of DBS and SMT.

Expert opinion suggests that DBS is no less safe, and probably safer, than ablative
surgery. Complications arising from DBS tend to be hardware related rather than
neurologic.

Effectiveness

The effectiveness of DBS for the treatment of symptoms of PD was assessed from one
double-blind crossover and three case-control studies. DBS appears to be effective for
the treatment of PD symptoms, as statistically significant changes were observed
between case and control participants in the United Parkinson's Disease Rating Scale
(UPDRS) and Parkinson's Disease questionnaire (PDQ)-398I scores. The double-blind
crossover study demonstrated that DBS was reversible up to four years following
surgery. In addition, this study also reported a statistically significant reduction in
UPDRS III scores (which indicates increased motor control) from 43 points with
stimulation OFF to 26 points with stimulation ON, in the absence of SMT. Similarly,
one case-control study also reported a statistically significant reduction in UPDRS II1
scores in case participants (18.0 points) compared with control participants (41.7 points)
at 24 months of follow-up when participants were not on medication (TIME-OFF).
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Expert opinion suggests that this incremental difference of 23.7 points is highly clinically
relevant for these patients. These results therefore show that DBS can ameliorate the
symptoms of PD by smoothing out the motor fluctuations and avoiding severe ON
periods polluted by dyskinesia and severe OFF periods when the patient experiences the
symptoms of PD such as tremor, rigidity and akinesia, as measured by the UPDRS
Motor section.

Two case-control studies also reported significant reductions in the daily OFF rate (refers
to the time where medication is not effective). One study reported a reduction in the
daily OFF rate from 46.1 per cent at baseline to 5.2 per cent at 24 months of follow-up
for participants undergoing DBS, whilst those who continued on SMT showed a slight
increase in daily OFF rates between baseline and 24 months follow-up. Another study
also reported a reduction in the daily OFF rate from 31.0 per cent at baseline to zero per
cent at 6 months follow-up, however this study did not report the daily OFF rate for
control participants. These results indicate that DBS can ameliorate the symptoms of PD
by smoothing out the motor fluctuations during periods when SMT is not effective and
allows a significantly greater proportion of the day when the symptoms of PD are
maintained at levels similar to those when medication is effective.

The three case-control studies indicated that DBS also reduced the levodopa equivalent
daily dose (LEDD) required to maintain control of the symptoms of PD. This reduction
may also significantly decrease some of the side effects associated with prolonged high-
dose levodopa treatment. However, the assessment of the effectiveness of DBS for the
treatment of symptoms of PD was limited by the following:

e the relatively small number of individuals who have been analysed;
e significant losses to follow-up in some studies; and
e follow-up of participants to a maximum of only 48 months in the studies.

Nevertheless, the data reported from these studies are supported by those in the
systematic review of the case series literature that included 38 individual studies and up to
471 participants. The review indicated that DBS allowed the maintenance of abilities to
perform activities and increased motor function in the absence of SMT. In addition,
patients receiving DBS required lower LEDDs to maintain their ability to perform
activities of daily living and increase motor functions over time. Whilst the magnitude of
this effect attributable to DBS is difficult to quantitate due to a lack of a comparator
group in the studies included in the published review, the results reported in the double-
blind crossover and case control studies support the suggestion that these positive effects
were attributable to DBS.

Cost-effectiveness

It has been estimated that the incremental costs of the STN DBS procedure under
interim MBS funding is approximately $67,475-$73,204 discounted per patient, with
potential additional discounted costs of approximately $9,956 as a result of complications
of the surgery over five years. This cost includes the direct costs of surgery (hardware,
cost of the procedure, post-operative monitoring, in-patient stay as well as adverse events
attributable to the procedure and hardware). It may be slightly underestimated,
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depending on the extent to which psychological testing is included in the pre-surgery
workup, which may vary between surgical centres.

The incremental costs are higher than were estimated in the previous MSAC evaluation
because of a change in comparator from ablative surgery to SMT. Ablative surgery and
DBS have surgical costs in common, resulting in a narrower incremental cost difference.
However, this estimate of the cost of the insertion of a DBS system is consistent with
that provided in the previous MSAC assessment of $60,917—$75,808 per patient.

The three case-control studies reported reductions in the LEDD. Using case series data
as the basis, this reduction in pharmacotherapy is estimated to result in savings in drug
costs of about $57,200 discounted over a five-year period. Possible cost savings from a
reduced rate of falls between those on DBS and those on SMT due to improved control
of motor symptoms could not be quantified.

Quality of life (QoL) as an economic variable could not be calculated. The evidence for
STN DBS on patient self-reported QoL measures is not straightforward since items
measuring physical wellbeing improved significantly at least two years post-surgery but
those measuring emotional wellbeing, social support, cognition and communication
showed no strong evidence of any improvement.

The extra cost of an improvement in the UPDRS III score of 23.7 points is estimated at
$20,232—-$25,961 if the savings in pharmacotherapy are deducted from the total cost of
the procedure, including the potential costs of complications.

Readers are advised that the MSAC recommendation herein is dependent on both the
results presented in the current assessment report and those of the previous MSAC
report assessing the safety, effectiveness and cost-effectiveness of DBS (MSAC 2001).
The MSAC 2001 report can be accessed via:
http://www.msac.gov.au/internet/msac/publishing.nsf/Content/1031-

1/$FI1LE /msac1031.pdf.

Recommendation

MSAC has considered the safety, effectiveness and cost-effectiveness of deep brain
stimulation for refractory severe Parkinson’s disease compared with optimal medical
therapy.

MSAC finds that there is sufficient evidence of safety and effectiveness, and robust
information on cost-effectiveness is unlikely to emerge but the total cost is acceptable for
patients in whom other therapies are insufficient.

MSAC recommends that public funding be provided for patients with Parkinson’s
disease where their response to medical therapy is not sustained and is accompanied by
unacceptable motor fluctuations.

The Minister for Health and Ageing accepted this recommendation on 24 August 2000.
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Introduction

The Medical Services Advisory Committee (MSAC) has reviewed the use of deep brain
stimulation (DBS), a therapeutic technique for the treatment of symptoms in individuals
with Parkinson’s disease (PD). MSAC evaluates new and existing health technologies and
procedures for which funding is sought under the Medicare Benefits Scheme in terms of
their safety, effectiveness and cost-effectiveness, while taking into account other issues
such as access and equity. MSAC adopts an evidence-based approach to its assessments,
based on reviews of the scientific literature and other information sources, including
clinical expertise.

In April 2001, MSAC reviewed the evidence associated with DBS for managing the
symptoms of PD (MSAC 2001). Based on the evidence at that time, MSAC
recommended interim funding for DBS for three years. Interim funding was
subsequently extended to April 20006 to allow a review of any new evidence on the
effectiveness of DBS for the symptoms of PD. In October 2002, an addendum review
that summarised the evidence published since the first 2001 MSAC assessment report
was submitted to the Department of Health and Ageing. The current review was sought
as a result of the interim funding coming to completion and to examine any evidence on
the effectiveness of DBS published since the previous report.

Readers are advised that the MSAC recommendation herein is dependent on both the
results presented in the current assessment report and those of the previous MSAC
report assessing the safety, effectiveness and cost-effectiveness of DBS (MSAC 2001).
The MSAC 2001 report can be accessed via:
http://www.msac.gov.au/internet/msac/publishing.nsf/Content/1031-

1/$FI1LE /msac1031.pdf.

MSAC’s terms of reference and membership are at Appendix A. MSAC is a
multidisciplinary expert body, comprising members drawn from such disciplines as
diagnostic imaging, pathology, surgery, internal medicine and general practice, clinical
epidemiology, health economics, consumer health and health administration.

This report summarises the assessment of current evidence for DBS for the treatment of
symptoms of PD.
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Background

Deep brain stimulation for symptoms of Parkinson's disease

Parkinson's disease

Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterised by the
progressive death of selected but heterogeneous populations of neurons (Lang & Lozano
1998). The pattern of loss of dopaminergic cells in the substantia nigra of the midbrain is
relatively specific for PD. As these dopaminergic cells degenerate, there is insufficient
dopamine to maintain normal functioning. The symptoms and progression of PD vary
among individuals. Symptoms include rigidity, tremor, bradykinesia and postural
instability. The disease is currently incurable; however, it can be managed and those with
PD can live independent, productive lives.

Dopaminergic medication is used as a first-line treatment for reducing the primary
symptoms of PD. However, medication can become less effective as the disorder
progresses and has the potential to produce adverse effects such as dyskinesias and
motor fluctuations. When response fluctuations become increasingly difficult to manage
medically, individuals with PD can spend their waking days transitioning between ON
time (good motor function), ON time with dyskinesias (good motor function disabled by
dyskinesia) and OFF time (disabled by disease symptoms). Individuals whose symptoms
are inadequately controlled by medication may benefit from surgical treatment.

Ablative surgery and DBS have been the main surgical treatments for PD. Ablative
surgery includes pallidotomy, thalamotomy and sub-thalamotomy, which destroy the
globus pallidus (GPi), thalamic nucleus and subthalamic nucleus (STN), respectively.
Once the suitable target tissue has been located, it is destroyed by a radio frequency or
thermocoagulation method. Expert opinion suggests that ablative procedures are rarely
performed in Australia. Although ablative surgery is still available as a treatment option
for individuals with PD in Australia, it is generally restricted to those who are not suitable
for DBS and other highly selected cases. Ablative surgery has largely been replaced by
DBS, in part because DBS is potentially reversible and is perceived to be associated with
improved safety and effectiveness and in part because ablative surgery is irreversible and
regarded as having limited effectiveness and significant safety concerns.

DBS involves the stimulation by electrodes connected to an implantable stimulator of the
same tissue targeted in ablative surgery. Explicitly, electrical leads are placed into one
(unilateral) or both (bilateral) sides of the basal ganglia of the brain. The three targets for
DBS in the basal ganglia are the thalamus, STN and the GPi. The target site chosen for
DBS is dependent on specific PD symptoms. The key indication of DBS for those with
PD is that medical therapy no longer provides a smooth or sustained motor response.
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Rating scales used for Parkinson’s disease

United Parkinson’s disease rating scale (UPDRS)

The United Parkinson’s Disease Rating Scale (UPDRS) is a tool used to follow the
longitudinal course of PD. It comprises four sections:

° Part I: Mentation, behaviour and mood
o Part II: Activity of daily living (ADL)

. Part III: Motor

o Part IV: Complications of therapy

The UPDRS sections are evaluated by interview and some sections require multiple
grades assigned to each extremity. A total of 199 points may be assigned where 199
represents total disability and zero represents no disability. Table 1 presents the sections
of the UPDRS and the areas of ability/disability that are assessed within each. The areas
of ability are rated between zero and four, where zero indicates absence of the symptom
ot the individual’s ability to complete a task as normal and four represents frequent or
severe symptoms or the inability to complete a particular task.

Table 1 United Parkinson’s disease rating scale (UPDRS)

Section Areas of ability/disability

I: Mentation, behaviour, mood Intellectual impairment
Thought disorder
Depression
Motivation/initiative

II: Activities of daily living Speech

Salivation

Swallowing

Handwriting

Cutting food/handling utensils
Dressing

Hygiene

Turning in bed/adjusting bed clothes
Falling — unrelated to freezing
Freezing when walking
Walking

Tremor

Sensory complaints related to Parkinsonism
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Table 1 (cont'd) United Parkinson’s disease rating scale (UPDRS)

Section Areas of ability/disability

1I: Motor exam Speech
Facial expression
Tremor at rest
Face
Right and left upper and lower extremities
Action or postural tremor
Right and left upper extremities
Rigidity
Neck
Right and left upper and lower extremities
Finger taps
Right and left
Hand movements
Right and left
Rapid alternating movements (pronate and supinate hands)
Right and left
Leg agility (tap heel on ground, amplitude should be 3 inches)
Right and left
Arising from chair
Posture
Gait
Postural stability
Body bradykinesia/hypokinesia

IV: Complications of therapy Dyskinesias

Duration

Disability

Painful dyskinesias

Presence of early morning dystonia
Clinical fluctuations

Predictability of OFF periods

Sudden onset OFF periods

Proportion of day in OFF period
Other complications

Eating disturbances

Sleeping disturbances

Symptomatic orthostasis

Source: The National Parkinson Foundation, www.parkinson.org [IAccessed 11 September 2005]

Despite the UPDRS rating scale being a subjective measure, dependent on the
interviewer and the timing, various studies have shown that the intra-observer and inter-
observer validity and reliability of the UPDRS III scale are adequate both in early
(Siderowf et al 2002) and advanced (Metman et al 2004) PD. Most interviewers who use
the UPDRS scale are experienced such that measured differences are real; however the
clinical significance of the measured differences will vary among individuals with PD if
some variables in the UPDRS are more important to certain individuals.
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Expert opinion suggests that the total UPDRS score could increase by 10 points per year
for some patients. Data from a randomised controlled trial (RCT) comparing the
effectiveness of anti-parkinsonian medication in early PD support this expert opinion
(The Parkinson Study Group 1993). The average annual rate of decline in the total
UPDRS scores for individuals assigned to placebo in this trial was a mean of 14.02+ a
standard deviation (SD) of 12.32 points. For those assigned to the anti-parkinsonian
medication group, the average annual rate of decline in the total UPDRS scores ranged

from 7.00+10.76 to 15.16+16.12 points (The Parkinson Study Group 1993).

The results of a study by Goetz et al (2000) on the rate of progression of clinical
impairment in individuals with PD treated with levodopa indicated differences in the
progression of symptoms of PD as measured by the UPDRS according to the stage of
disease. The study included a random sample of 100 individuals selected from a larger
group on the basis of their initial Hoehn & Yahr stage (Stage II and Stage 111, see Table
2) on presentation at the study centre. All individuals (50 Stage II and 50 Stage I1I) were
assessed in the medication ON state with annual measurements of UPDRS motor scores,
dyskinesia ratings and anti-Parkinsonian medication doses over four years. Individuals
entering the study at Hoehn & Yahr Stage II showed no significant change in the mean
UPDRS motor scores from baseline (27.841.4 points) to four years (28.311.8 points).
However, in the same group there were significant increases in dyskinesias and
dopaminergic medications that were progressive over each year of the four-year follow-

up.

For individuals who entered the study at Hoehn & Yahr Stage I1I, the mean UPDRS

motor scores progressed significantly from 38.1%1.4 points at baseline to 41.7+2.0 points
at four years (p=0.0000). The individuals in this group also had an increase in dyskinesia
that occurred in the first year of the study and remained stable thereafter. The increase in
dyskinesias observed between baseline and the four-year follow-up was not statistically
significant. As for the Stage II participants, those entering the study at Stage 11 had a
significant increase in the doses of dopaminergic medication (Goetz et al 2000).

The six clinical domains of the UPDRS motor section — axial bradykinesia, right
bradykinesia, left bradykinesia, rigidity, rest tremor and action tremor — were analysed to
examine if any specific parkinsonian symptoms preferentially progressed over the study
period. For participants entering the study at Stage 11, in which no overall decline in
motor symptoms was observed, a significant decline in axial bradykinesia (including
speech, facial expression, arising from a chair, posture, gait, postural stability and body
bradykinesia) was observed. Similarly, for participants entering the study at Stage 111,
there was a significant decline in axial bradykinesia in addition to right and left
bradykinesia. There was no significant decline in rigidity, rest tremor or action tremor in
Stage II or Stage 111 participants over the four-year follow-up (Goetz et al 2000).

Louis et al (1999) reported on a large community-based cohort of individuals with PD
who were evaluated annually for up to eight years (mean of 3.3 years following baseline
assessment) for their extrapyramidal signs using the UPDRS III motor section. The
cohort included 237 individuals with PD who had one baseline visit and at least one year
of follow-up. The annual rate of increase in the total extrapyramidal sign score (UPDRS
III) was 1.5 points (1.5%), and among those individuals in the cohort who died, the total
extrapyramidal sign score increased by 3.6 points (3.6%) annually. When the cohort was

stratified into those with short (<3 years) and long (>3 years) duration of disease, the
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progression of the extrapyramidal sign score was greater in the former group (1.9 points
annually) than the latter (1.4 points annually).

Further analyses subdivided the extrapyramidal sign score into the subscores tremor,
bradykinesia, rigidity, and gait and balance. All but the tremor subscore increased at a
significant annual rate: bradykinesia (0.6 of a possible 28 points), rigidity (0.4 of a
possible 20 points), and gait and balance (0.5 of a possible 16 points) (Louis et al 1999).
Louis et al (1999) also reported that the baseline variables dementia, low activities of daily
living scores and long disease duration were predictors of the extrapyramidal sign score
at each yearly visit. In a separate study of 297 patients followed up for a mean of 6.36
years, all components of UPDRS parts I and 11, except for handwriting, worsened during
the observation period (Jankovic & Kapadia 2001).

Table 2 Hoehn & Yahr staging of PD

Stage Symptoms

I 1. Signs and symptoms on one side only

Symptoms mild

Symptoms inconvenient but not disabling

Usually presents with tremor of one limb

Friends have noticed change in posture, locomotion and facial expression

Symptoms are bilateral
Minimal disability
Posture and gait affected

M Significant slowing of body movements
Early impairment of equilibrium on walking or standing

Generalised dysfunction that is moderately severe

Severe symptoms

Can still walk to a limited extent
Rigidity and bradykinesia

No longer able to live alone

Tremor may be less than earlier stages

Cachectic stage
Invalidism complete

oA el A I T A el I A el IS LS o

Cannot stand or walk

4. Requires constant nursing care

Source: The National Parkinson Foundation, www.parkinson.org [Accessed 11 September 2005]

Parkinson’s disease questionnaire summary index (PDQ-39SI)

The Parkinson's disease questionnaire (PDQ) was developed on the basis of interviews
with individuals with PD and a number of large-scale surveys. It contains eight
dimensions (Jenkinson et al 1997; see Table 3). The questionnaire is a disease-specific
measure of subjective health status and produces a profile of scores indicating the impact
of the disease. The summary index (SI) was developed from the questionnaire and
provides an indication of the global health impact of PD (Jenkinson et al 1997).
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Table 3 Dimensions and number of items in each dimension of the PDQ-39SI

Dimension Number of items

Mobility 10
Activities of daily living
Emotional well-being
Stigma

Social support
Cognition
Communication

g W s~ W B~ o o

Bodily discomfort

Source: Jenkinson et al (1997)

The procedure

Deep brain stimulation involves the placement of electrical leads into one (unilateral) or
both (bilateral) sides of the basal ganglia of the brain. The targets for DBS are the
thalamus, the sub-thalamic nucleus (STN) and the globus pallidus internus (GP1). The
target site chosen for DBS is dependent on specific PD symptoms to be treated. For

example:

J thalamic DBS is used predominantly for tremor (Nicholson & Milne 1999, Starr
et al 1998);

. STN DBS is used for tremor, dyskinesia, rigidity, bradykinesia, akinesia, speech

difficulties and freezing in the OFF state (Nicholson & Milne 1999);

J GPi DBS is used for dyskinesias, reduction in OFF state (to increase overall
mobility), tremor rigidity, bradykinesia and akinesia (Nicholson & Milne 1999).

It is important to note however, that the exact target location and indication for each of
these procedures has not been standardised (Starr et al 1998).

The DBS procedure is generally performed in two separate steps — implantation of leads
followed by implantation of the neurostimulator to which the leads are connected.
Patients need to be tested initially for their responsiveness to therapy. This is
accomplished by implanting a lead at the relevant site using a combination of stereotactic
techniques such as image-guided stereotactic localisation and physiological techniques
such as microelectrode mapping or macrostimulation. The implantation procedure is
generally performed under local anaesthetic. The placement of the electrode at a
particular site is determined by the patient’s response to stimulation (involving physical
evaluation of the lower limbs and face muscles) and interpretation of the microelectrode
recording data. Once the target that elicits the best response has been localised, the
testing electrodes are removed and replaced with permanent leads.

From 12 hours (Merello et al 1999) to several days (Schuurman et al 2000) after surgery
to position the electrodes, the neurostimulator is implanted below the clavicle while the
patient is fully anaesthetised. Once the neurostimulator is internalised by subcutaneous
tunnelling, the neurologist uses an external programming unit to adjust the stimulation
parameters (pulse width, stimulation amplitude and stimulation frequency) to the
patient’s needs. These stimulation parameters typically have a pulse width of 60-120 ps,
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amplitude of 1-3 V and frequency of 135-185 Hz. The patient may turn the stimulator
on or off, according to the physician’s instructions, with an external magnet.

Intended purpose

For individuals with PD, the key indication of DBS is that medical therapy no longer
provides a smooth or sustained motor response. Further indications such as tremor and
dyskinesias differentiate which part of the brain should be targeted. For example,
thalamic and STN DBS is indicated for individuals who have responded to medication,
but whose response has been contaminated by severe unpredictable motor fluctuations
(such as tremor that interferes with writing and eating). For those with PD and drug-
induced dyskinesias and bradykinesia, the GP1i is considered to be the most appropriate
site for stimulation. Before patients proceed to DBS, it is desirable that two neurologists
agree that all drug manipulations have been exhausted. It is expected that neurosurgeons
will perform the DBS procedure.

Contraindications for DBS include dementia, extensive brain atrophy or systemic medical
problems that increase medical risk (such as coagulopathy or untreated chronic
hypertension). DBS should not be undertaken in patients who are unable or unwilling to
comply with routine follow-up, since stimulation parameters require modification both in
the first instance and with continuation of treatment. Since the DBS device is indwelling,
a stimulator should not be placed in those with concurrent infection.

Clinical need/burden of disease
An extensive literature search of the following databases was undertaken to update the
previous data (MSAC 2001) relating to the prevalence and burden of disease of PD in
Australia:

° Medline

° World Health Organization

o Australian Institute of Health and Welfare
. Australian Bureau of Statistics

. Victorian Department of Human Services
. Department of Health, South Australia

o Queensland Health

o Department of Health, Western Australia

o NSW Health
. BEACH data cube

o Interactive national hospital morbidity data
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In addition, a general search of the Internet to identify possible data sources was
undertaken using www.google.com. The search terms used included Parkinson disease,
data, incidence, prevalence, burden of disease (BOD), deaths, years of life lost (YLL),
disability adjusted life years (DALY) and mortality.

There has been little in the way of updates of BOD data for PD nationally or

internationally since the previous report (MSAC 2001). Updated BOD data are often
limited to broader categories of illness and in the case of PD are normally coded as
Alzheimer’s/Dementia or Neurological/Nervous System Diseases.

Table 4 lists Australian data for incidence; years lived with disability, duration of illness

and deaths using the 1996 Australian Burden of Disease Study.

Table 4 Australian data for incidence, years lived with disability, duration of illness and
deaths due to PD
Incidence Prevalence Years lived with Duration Deaths
Gender disability
(per 100,000) (per 100,000) (per 100,000) (years) (per 100,000)

Male 35 127 92.7 6.0 4.4
Female 50 162 132.7 6.0 31
Total 85 289 224.4 - 75

Source: Mathers et al (1999)

The accuracy of figures for incidence and prevalence is questionable due to their being
no definitive test for PD. The mean age of onset of PD is 73.3 years for men and 76.5
years for women (Mathers et al 1999). Diagnosis before the age of 40 is rare (Parkinson’s
Australia 2005). There appear to be no race-related differences.

There were 968 deaths attributed to PD in Australia in 2002 (representing 0.7 per cent of
all deaths for that year), of these, 63 per cent were male (AIHW 2005). In 1996, the total
number of deaths was 686, representing 0.5 per cent of all deaths for that year (Mathers
et al 1999). The number of deaths attributed to PD may be significantly underestimated
because the complications of the immobility of PD (eg pneumonia and falls) and of the
disease itself (eg late dementia) or its treatment (eg cognitive changes or hypotension) are
probably recorded as the cause of death rather than PD.

Currently, DBS for the symptoms of PD is billed under a number of Medicare Benefit
Schedule Item numbers (see the 'Current reimbursement arrangement' section of this
report). Whilst a number of MBS Item numbers are used for DBS, numbers 40850 and
40851 refer to the unilateral and bilateral placement of electrodes, respectively, and thus
represent individual patients. Table 5 presents the number of services performed since
the implementation of interim funding for DBS in 2001 for MBS Item numbers 40850
and 40851. The unilateral or bilateral DBS procedure was undertaken in 70 patients in
the 2004-05 financial year. Since the implementation of MBS funding for DBS, 177
patients have undergone the procedure. Expert opinion estimates that 10 to 20 per cent
of individuals who are eligible to undergo the procedure would receive it.
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Table 5 Total number of services for unilateral and bilateral DBS

. . MBS item number
Financial Year Total
40850 — Unilateral DBS 40851 - Bilateral DBS
2001-2002 11 0 11
2002-2003 49 0 49
2003-2004 10 37 47
2004-2005 13 57 70
Total 83 94 177

Source: http://www.medicareaustralia.gov.au [Accessed 12 September 2005]

Existing procedures

Levodopa combined with adjunct medical therapy is the standard medical treatment
(SMT) for individuals with PD. However, prolonged use of levodopa can cause disabling
motor fluctuations and dyskinesias. When medication is no longer effective or produces
unacceptable side effects, surgical treatments may be a possible alternative.

The main surgical treatments for PD are ablative surgery and DBS. Ablative surgery can
include pallidotomy, thalamotomy and subthalamotomy. These procedures involve
destroying the GPi, thalamic nucleus and STN, respectively. A variety of sites can be
used within these targets, such as the posterolateral or posteroventral areas of the GPi
and the ventral intermediate or venterolateral nucleus of the thalamus. Once the suitable
target tissue has been located, it is destroyed using such methods as radiofrequency
ablation and thermocoagulation. Expert opinion states that these procedures are rarely
performed in Australia.

As described in the previous section, DBS involves the stimulation of the same tissue
targeted in ablative surgery using electrodes connected to an implanted stimulator.
Although stimulation has hitherto concentrated on the STN and GPj, it would appear
that the former is becoming the preferred target (Nicholson & Milne 1999).

Comparator

The only alternative to DBS in Australia is SMT. Therefore, studies in which a
comparison was made between DBS and SMT, and the implanted device being turned
ON and turned OFF were considered for this review. Unlike for the previous MSAC
report (MSAC 2001), ablative surgery is no longer considered an appropriate comparator
as expert opinion suggests that it is rarely performed in Australia. Ablative surgery as a
treatment option for individuals with PD in Australia is generally restricted to those who
require surgery for PD but are not suitable for DBS, and other highly selected cases.
Ablative surgery has largely been replaced by DBS, in part because DBS is potentially
reversible and is perceived to be associated with improved safety and effectiveness and in
part because ablative surgery is irreversible and regarded as having limited effectiveness
and significant safety concerns.
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Marketing status of the device/technology

The medical devices used for DBS are either registered or listed on the Australian
Register of Therapeutic Goods, which is administered by the Therapeutic Goods
Administration (TGA) agency. The devices used for this procedure can be divided into
leads, extension, implantable pulse generators (IPGs), intra-operative positioning and
testing and patient-therapy control (Table 6). In addition to these devices, the neurologist
will use the N’Vision programmer (AUST R90520/104700) to program the IPG.

Table 6 TGA registrations and listing numbers of medical devices used for DBS
Device | ARTG Number | Description
Leads
3387 AUSTR 13 Four Pt-Ir contacts 1.5 mm apart . .
Each 1.5 mm long, total span 10.5 mm, includes a burrhole ring and cap
3389 AUST R 82095 Four Pt-Ir contacts 0.5 mm apart . .
Each 1.5 mm long, total span 7.5 mm, includes a burrhole ring and cap
3550-09 AUST L 65882 Accessory kit and plug for use with Kinetra for a unilateral system
Extension
7482 AUST R 96927 Low profile low impedance extension kit
Implantable pulse generator
Kinetra Model 7428 AUST R 75395 Dual channel neurostimulator
Soletra Model 7426 AUST R 80645 Single channel neurostimulator
Intra-operative positioning and testing
34680 Special access Microtargeting electrodes, box of 5
9013C0502 AUST L 74222 Sterile MER connecting cable
Patient therapy control
7436 AUST R 79950 ﬁrﬁ(i:tiss Therapy Controller for patient control of Kinetra within preset
7438 AUST R 80126 Access Therapy Controller for patient control of Soletra within preset

limits

The TGA has promoted the devices from Listed to Registered without testing because
they have been used for many years in the Australian setting.

Current reimbursement arrangement

Deep brain stimulation is currently billed under Medicare Benefits Schedule (MBS) Item
numbers:

o 40850: Deep Brain Stimulation for Parkinson’s disease (unilateral), functional
stereotactic procedure including computer assisted anatomical localisation,
physiological localisation including twist drill, burr holes craniotomy or
craniectomy and insertion of electrodes (Anaes) (Assist).

J 40851: Deep Brain Stimulation for Parkinson’s disease (bilateral), functional
stereotactic procedure including computer assisted anatomical localisation,
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physiological localisation including twist drill, burr hole craniotomy or
craniectomy and insertion of electrodes (Anaes) (Assist).

40852: Deep Brain Stimulation for Parkinson’s disease (unilateral), subcutaneous
placement of neurostimulator receiver or pulse generator (Anaes) (Assist).

40854: Deep Brain Stimulation for Parkinson’s disease (unilateral), revision or
removal of brain electrode (Anaes).

40856: Deep Brain Stimulation for Parkinson’s disease (unilateral), removal or
replacement of neurostimulator receiver or pulse generator (Anaes).

40858: Deep Brain Stimulation of Parkinson’s disease (unilateral), placement,
removal or replacement of extension lead (Anaes).

40860: Deep Brain Stimulation for Parkinson’s disease (unilateral) target
localisation incorporating anatomical and physiological techniques, including
intra-operative clinical evaluation, for the insertion of a single neurostimulation
wire (Anaes).

40862: Deep Brain Stimulation for Parkinson’s disease, electronic analysis and
programming of neurostimulator pulse generator (Anaes).
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Approach to assessment

Review of literature

The medical literature was searched to identify relevant studies and reviews for the
period between 2002 and 2005. All searches were conducted on 4 August 2005 using the
electronic databases listed in Table 7.

Table 7 Electronic databases searched in this review
Database Period covered
Australasian Medical Index 2002-August 2005
Biological Abstracts (OVID) 2002-August 2005
CINAHL (OVID) 2002-August 2005
Cochrane Library 2002-August 2005
EMBASE (OVID) 2002-August 2005
Medline (OVID) 2002-August 2005
Medline in process and other non-indexed citations (OVID) Update to 4 August

Several search strategies were required for coverage of all aspects needed for this topic.
The main areas were safety, effectiveness and cost-effectiveness.

All terms that can be used to describe the patient group, the intervention and the
comparators were identified. This set of words (the core terms) formed the basis of our
searching (Appendix C).

For safety, the terms for safety, complications and adverse events were combined with
the intervention terms. For effectiveness, the core terms were filtered with a Cochrane
Collaboration hedge to identify high-level evidence.

Internet sites from health technology assessments (HTAs), clinical trials registers and
other relevant professional bodies were also searched (Appendix D).

Selection criteria

Criteria developed a priori to determine eligibility of relevant studies (Table 8) were based
on those agreed upon by MSAC and the members of the Advisory Panel.
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Table 8

A priori selection criteria

What is the safety, effectiveness and cost-effectiveness of DBS to manage symptoms of PD in adults who have failed

to respond to standard medical treatment or accompanied by severe side effects?

Characteristics Inclusion Exclusion

Participants Adults with severe PD for whom medicationis no | PD not refractory to drug treatment (ie trials that
longer effective or produces severe side effects. recruited adults with severe PD who were
The results of studies that enrolled mixed responsive to medication were excluded)
populations of p?rgcggfntﬁ, 1€ ZD and ?Ssent'al 4 | Contraindications for DBS include dementia,
Lremc;r, Were included I ht Peg a equat? yreported | oyiensive brain atrophy or systemic medical

ata for participants with PD separately problems that increase medical risk (such as
coagulopathy or untreated chronic hypertension).
DBS should not be undertaken in patients who are
unable or unwilling to comply with routine follow-
up, since stimulation parameters may need to be
modified both in the first instance and as treatment
continues. Since the DBS device is indwelling, a
stimulator should not be placed in those with
concurrent infection

Intervention DBS: Pallidal or sub-thalamic e Combined DBS and contralateral

thalamotomy or pallidotomy
e DBS in the thalamus since it is not widely
used for patients with PD

Comparators ® SMTor e Studies not using the comparators of interest
® Electrode implanted, stimulator OFF plus e Ablative surgery as it is not commonly used in

SMT Australia

Outcomes PD symptoms assessed by UPDRS, Hoehn & Physiological outcomes alone
Yahr scale, duration of response (eg time when
there is absence of shaking). Participant-based
outcomes such as quality of life, drug usage and
adverse effects. In addition, the cost of DBS and
SMT or placebo were compared
UPDRS, Off-medication pre- and post-operative
and QALY

Study design For effectiveness of DBS: For effectiveness:

(Methodology) HTAs, systematic reviews, meta-analyses and Narrative reviews, editorials, other opinion pieces,
RCTs were sought. As these were unavailable, articles identified as preliminary reports when
comparative studies were assessed results are published in later versions, articles in
For safety of DBS: at;lstrha((:jt form onl?/_, ;|a15e repor:]s andb(_:ase series
All study designs reporting adverse events whic olnolt expl |C|tydreportt atl s; éects were
associated with the application of DBS were consecutively selected were exclude
considered for inclusion

Publication and English-language articles, or well-designed RCTs | Studies published before 2002 as they were

year published in any language after 2002 (DBS report | included in the October 2002 update report
updated in October 2002) submitted to the Department of Health & Ageing

Abbreviation: QALY, quality-adjusted life years

Safety

Studies identified after the application of the safety filter to the search strategy were
retrieved and examined. Adverse event data relating to DBS for the symptoms of PD
were extracted and tabulated. In the review of safety, case reports or any comparative
studies were included because information indicating whether or not a procedure is safe
is as important as how safe it is compared to the alternatives.
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Effectiveness

Assessment of validity

The most rigorous study design for assessing the validity of a therapy is considered to be
an RCT that compares outcomes in a group of patients who have undergone the therapy
in question with outcomes in a group of patients who have not (Guyatt et al 1993,

Sackett et al 2000).

Therefore, the evidence presented in the included studies was assessed and classified
using the dimensions of evidence defined by the NHMRC (NHMRC 2000).

These dimensions (Table 9) consider important aspects of the evidence supporting a
particular intervention and include three domains: strength of the evidence, size of the
effect and relevance of the evidence. The first domain is derived directly from the
literature identified as informing a particular intervention. The last two require expert
clinical input as part of their determination.

Table 9 Evidence dimensions

Dimensions

Definition

Strength of the evidence
- Level

- Quality
- Statistical precision

The study design used, as an indicator of the degree to which bias has been
eliminated by design2

The methods used by investigators to minimise bias within a study design

The p-value or, alternatively, the precision of the estimate of the effect. It reflects the
degree of certainty about the existence of a true effect

Size of effect

The distance of the study estimate from the "null" value and the inclusion of only
clinically important effects in the confidence interval

Relevance of evidence

The usefulness of the evidence in clinical practice, particularly the appropriateness
of the outcome measures used

a See Table 10

The three sub-domains (level, quality and statistical precision) are collectively a measure
of the strength of the evidence. The level of evidence is a measure of the susceptibility to
bias of various study designs. Level I evidence implies a study design that is least
susceptible to bias, while Level IV evidence implies a study design that is most
susceptible to bias. The designations of the levels of evidence are shown in Table 10.

Studies meeting inclusion criteria were assigned a level of evidence as an indication of the
susceptibility to bias inherent in particular study designs and were critically appraised to
assess their internal validity (or bias), to give an indication of the quality of evidence.
Methods of critical appraisal were determined by the study design.

Deep brain stimulation for the symptoms of Parkinson’s disease
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Table 10 Designations of levels of evidence

Levels of Study design
evidence?

I Evidence obtained from a systematic review of all relevant randomised controlled trials
I Evidence obtained from at least one properly-designed randomised controlled trial

-1 Evidence obtained from well-designed pseudorandomised controlled trials (alternate allocation or some
other method)

-2 Evidence obtained from comparative studies (including systematic reviews of such studies) with
concurrent controls and allocation not randomised, cohort studies, case-control studies, or interrupted
time series with a control group

-3 Evidence obtained from comparative studies with historical control, two or more single arm studies, or
interrupted time series without a parallel control group

v Evidence obtained from case series, either post-test or pre-test/post-test

a Modified from NHMRC (2000)

Critical appraisal of primary research studies

The NHS Centre for Reviews and Dissemination (2001) in the UK has assembled a list
of criteria that can be used to evaluate the validity of evidence from various study

designs. The relevant validity criteria used in this review for assessing quality of evidence
are listed in Table 11.

Table 11 Validity criteria for case-control studies

Study design Validity criteria?

Primary studies

Crossover study Randomised method

Allocation concealment

Blinding of patients, investigators and outcome assessors
Proportion lost to follow-up

Intention-to-treat analysis

Appropriate statistical analysis

Case-control Explicit definition of cases

Adequate details of selection of controls

Comparable groups with respect to confounding factors

Interventions and other exposures assessed in same way for cases and controls

Possibility of over-matching ie cases and controls matched according to factors related to exposure

Appropriate statistical analysis

aModified from NHS Centre for Reviews and Dissemination (2001)

Data extraction

Data were extracted from included studies using standardised instruments created for the
assessment. Two reviewers examined each article and any discrepancies in evaluation
were discussed and resolved through consensus.

Statistical analyses

Where studies did not report statistical analyses examining differences in outcome
measures between treatment groups, the absolute risk differences and 95% confidence
intervals (Cls) around these differences were calculated. The absolute risk difference
describes the absolute change in risk that is attributable to the experimental intervention.
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If the effect of an experimental intervention is not statistically significantly different from
the effect of a control, the 95% CI will incorporate zero.

The absolute risk differences and 95% Cls were calculated as follows (Altman et al
2000):

Difference: mean outcome of one treatment — mean outcome of other treatment

95% CI:

D_\/(Yl _|1)2 +(u2 _iz)z to D+\/(72 _|2)2 +(u1 _il)z

D =difference
X =mean
[ = lower confidence interval

u =upper confidence interval
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Results of assessment

Search results

The search strategy identified 642 articles. Eleven articles were ordered for full text
assessment after review of the abstracts. Of the 11, four met the inclusion critetia and
were included in the review. One double-blind crossover study assessing a total of 10
individuals with PD was identified. Due to the small number of participants in this study,
three case-control studies were also included.

Another three case-control studies were excluded as the controls were normal, healthy
individuals. Other studies were excluded due to results not being presented separately for
individuals undergoing DBS (n=1), results being a comparison of those who stopped or
continued medication for a group in which all patients underwent DBS (n=1) and results
(of a systematic review of case series) referring only to bilateral STN DBS. One study
was unavailable to information services at the time of writing.

Is it safe?

Although DBS is non-ablative and is minimally invasive, the procedure may give rise to
complications and side effects, some of which are neither reversible nor adaptable. The
complications from DBS can arise before surgery, during surgery and in the immediate
post-operative period, and after surgery.

Data available on adverse events were derived from case series. Findings from these
studies indicated the risk associated with DBS but did not allow quantitation of those
risks compared with SMT.

Complications during surgery

Complications during surgery include misplacement, dislocation and fracture of the
electrodes, erosion of the skin, formation of seroma in the subcutaneous pocket that
receives the IPG, haemorrhage and infection.

Nine case series including 244 participants reported adverse events that occurred during
surgery (Table 12). They were commonly related to the implantation of hardware.
Intraoperative ischaemic stroke was reported in 1/25 study participants (4.0%) in
Anderson et al (2005). Haemorrhages were reported in five studies (Herzog et al 2005,
Tansek et al 2002, Krause et al 2004, Loher et al 2002, Romito et al 2003) and occurred at
a rate of between 1/48 (2.1%) in Herzog et al (2005) and 1/14 (7.1%) participants in
Iansek et al (2002).

Haematomas were reported in a total of five participants across three studies (Anderson
et al 2005, Herzog et al 2005, Loher et al 2002) at rates ranging from 1/48 (2.1%) in
Herzog et al (2005) to 3/25 (12%) in Anderson et al (2005). Two studies reported
confusion at rates of 5/72 (6.9%, Pahwa et al 2003) to 3/14 (21.4%, Iansek et al 2002).
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Electrode repositioning/misplacement of electrodes/lead migration wete reported in
three studies (Iansek et al 2002, Loher et al 2002, Romito et al 2003) and occurred at
rates ranging from 2/33 (6.1%) in Romito et al (2003) to 2/14 (14.3 %) in lansek et al
(2002). Romito et al (2002) reported that 8/33 study participants (21.2%) experienced
transient intraoperative psychosis and Kitagawa et al (2005) reported that all eight
participants in their study experienced slight hand paresthaesia.
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Table 12 Complications during surgery and in the immediate post-operative period
Length
Study dStu_dy Sa’.“P'e of Adverse event Patient outcome
esign size follow-
up
Anderson Case 25 3,6&12 | Intraoperative ischaemic stroke | Irreversible:
etal series months (n=1); infraclavicular Ischaemic stroke resulted in
(2005) haematomas (n=3) persisting neurological deficits
Reversible:
Infraclavicular haematomas
resolved without intervention
Bejjani et Case 1 NA Aggressive behaviour (sudden | Reversible:
al (2002) report onset): Occurred within a few Adjustment of stimulation (3.2
seconds when test stimulation | V, 60 psec, 130 Hz on each
conducted at 140 Hz, 60 usec, | side). On waking no recurrence
2V applied at a level 2 mm of aggression exhibited
below the AC-PC. Stimulation
immediately stopped and
50 mg propofol injected IV.
Episode lasted 5 mins
Herzoget | Case 43 6,12& Intraoperative subdural Not stated
al (2003b) | series 24 haematoma (n=1); minor
months intracerebral bleeding at side
of trajectory lead (n=1)
lansek et Case 14 6 months | Surgical complications: Not stated
al (2002) series Confusion (n=3); scalp CSF
leak (n=1); intracerebral
haemorrhage (n=1); residual
cognitive & speech deficits
(n=1); electrode repositioning
(n=2); inaccurate target (n=1)
Kitagawa Case 8 6 months | Slight hand paresthaesia Reversible:
etal series following activation of Slight hand paresthaesia
(2005) stimulator (n=8); blurred vision | disappeared in several
caused by ZI/PRL stimulation seconds, other adverse events
with a stimulation amplitude of | resolved following adjustment
more than 3 V (n=1); of stimulation parameters
hemispastic gait with higher
stimulation amplitude of more
than 3V (n=2);
Krause et | Case 27 30 Intraventricular haemorrhage Reversible:
al (2004) series months (n=1) Adverse event reversed via
temporary external
ventriculostomy
Loheretal | Case 16 1 week, 3 | Small pallidal haematoma Reversible:
(2002) series &12 confined to the GPi (n=1), All adverse events were
months subcutaneous haemorrhage reversed
(n=1), misplacement of
electrodes (n=1)
Pahwa et Case 72 3,12& Seizures (n=3); confusion Reversible:
al (2003) series 24 (n=5), visual disturbances All adverse events resolved
months (n=1), hemiballismus (n=1) themselves
Romito et Case 33 1,3, 6, Transient intraoperative Not stated
al (2003) series 12, 18, psychosis (n=7); lead migration
24 & 36 (n=2); subarachnoid
months haemorrhage (n=1)

Abbreviations: NA, not applicable; AC-PC, anterior commisure — posterior commisure; ZI/PRL, zona incerta/prelemniscal radiation
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After surgery complications

After surgery complications include hardware-, environment- and stimulation- and
target-related side effects and complications. A total of 39 case series, including 791
participants, outlined complications that arose after surgery (Table 13). In most cases the
adverse events were a combination of both hardware-related and stimulation/target-
related complications.

Hardware-related complications

Hardware-related complications including infection, skin erosion, electrode fracture,
electrode dislocation and hardware failure can occur at any time after surgery. They are
all reversible by explantation of the system or parts of it and re-implantation of a new
one (Hariz et al 2002). The additional surgery may need to be performed on an
emergency or semi-emergency basis, depending on the patient’s response to the sudden
re-emergence of symptoms (Hariz et al 2002). A review of existing studies indicated that
re-implantation of new hardware devices usually takes place within six months of the
initial surgery.

Nine studies (Anderson et al 2005, Constantoyannis et al 2005, Esselink et al 2004,
Kleiner-Fisman et al 2004, Krauss et al 2003, Lyons et al 2002, Pahwa et al 2003,
Smeding et al 2005, Varma et al 2003) reported electrode or lead problems experienced
by participants. The problems ranged from 2/141 participants (1.4%, Constantoyannis et
al 2005) to 6/13 participants (46.0%, Lyons et al 2002). Battery depletion and
malfunctions were reported in five studies (Chou et al 2004, Lyons et al 2002, Pahwa et
al 2003, Rodriguez-Oroz et al 2004, Romito et al 2003) and ranged in incidence from
4/33 participants (12.1%, Romito et al 2003) to 11/13 participants (84.6%, Lyons et al
2002). Rodriguez-Oroz et al (2004) reported that 19 batteries wore out and required
replacement after a mean post-operative period of 46 months.

Environment-related complications

Complications may arise due to external interferences such as those caused by magnetic
devices and stimulators being inadvertently turned off by dentistry tools (Hariz et al
2002). Many complications arising from external interference can be avoided though the
use of a magnetically shielded neurostimulator (Hariz et al 2002).

Stimulation- and target-related complications

Complications or side effects related to the stimulated target and its vicinity are the most
frequently reported problems in patients. Many of these effects may be adjustable or
reversible, but this is often at the cost of decreased efficacy of stimulation on the
symptoms when the previously effective electrical parameters are altered or the
stimulator is turned off (Hariz et al 2002).
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Table 13

Complications after surgery

Study

Sample

Length of

Study . . Adverse event (n) Patient outcome
design size follow-up
Anderson et al Case 25 3,6 &12 | Extracranial lead fracture (n=1), mild delirium (n=3), transient Reversible:
(2005) series months | anxiety (n=2), hallucinations (n=1), cognitive changes including | Lead fracture resolved by replacement of lead, mild
short-term memory deficits/difficulty concentrating/apathetic delirium/anxiety/hallucinations resolved with reduction levodopa
mood (n=2), increased parkinsonian symptoms (n=1) Ireversible:
Cognitive changes & increased parkinsonian symptoms
Barichella et al Case 32 3&12 | Weight gain (n=29). Mean increase 14.8+9.8% initial body Irreversible
(2003) series months | weight. Mean BMI increased to 24.7+3.7 kg/m? from 21.6+3.0
kg/m2
Berney et al Case 24 1,3&6 | Mood state worsening in moderate to severe depressive range | Reversible:
(2002) series months | (n=6), transiently suicidal (n=3) Antidepressant treatment administered
Chen et al (2003) Case 7 6 months | Stimulation-related ballism/chorea (n=3), blepharospasms (n=5) | Reversible:
series when using stimulation 3.5 V, transient confusion and agitation | All adverse events resolved either spontaneously or by adjustment of
(n=3), hypomania (n=2), increased weight (n=7) stimulation parameters
Chen et al (2004) Case 1 7 month | Delusion Reversible:
report Adverse event resolved by surgical revision
Chou et al (2004) Case 2 2 & 3years |Unilateral IPG battery depletion (n=2), participants exhibited Reversible:
report severe rigidity and inability to walk independently Function restored upon replacement of depleted battery
Constantoyannis Case 141 24 months | Incisional infection at site scalp (n=7), incisional infection at site | Reversible:
et al (2005) series chest (n=2), fracture of electrodes (n=2), skin erosion over lead | Infection resolved with suitable antibiotic therapy (n=3) or hardware
extension connector site (n=2) removal (n=6); fracture of electrodes resolved via replacement (n=2);
skin erosion resolved via removal of lead (n=2)
Daniele et al Case 20 3,6, 12 & 18 | Psychic akinesia (n=1), mild worsening of dysarthria (n=2), mild | Not stated
(2003) series months | worsening of hypophonia (n=1), transient manic symptoms with
hypersexuality (n=3), paraesthesia (n=1), paraesthesia &
diplopia (n=2), mild subarachnoid haemorrhage (n=1)
Doshi et al (2002) Case 31 12 months | Depressive symptoms (n=3), suicidal tendencies and attempt Reversible:
series (n=1) Antidepressant treatment administered
Esselink et al Case 20 6 months | Severe fluctuating cognitive, behavioural & mood disorders Reversible:
(2004) series (n=1), transient confusion (n=1), tight extension lead in the neck | Transient confusion resolved spontaneously (n=1)
(n=1), electrode displacement (n=2), CSF leakage (n=1), mild Ireversible:
emotional lability (n=6) All other adverse events
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Table 13 (cont'd) Complications after surgery

disabling dyskinesia (n=7), impulsive aggressive behaviour
(n=1), eyelid opening apraxia (n=8), weight gain (n=39),
depression (n=7), hallucinations (n=>5), psychosis (n=1),
dementia (n=3), apathy (n=7)

Study Stu_dy Sar_nple Length of Adverse event (n) Patient outcome
design size follow-up
Funkiewiez et al Case 77 3,12&36 | Cognitive impairments (n=2), suicide attempts (n=4), hypomania | Reversible:
(2004) series months | (n=5), impulsive aggressive behaviour (n=2), psychosis (n=4), Hypomania spontaneous recovery (n=4)
severe depression (n=1) Irreversible:
All other adverse events. Participants with severe depression &
psychosis required hospitalisation
Germano et al Case 12 3days, 12 | No surgical or peri-operative adverse events observed NA
(2004) series months
Herzog et al Case 1 1week, 3 | Severe hyperactivity, mania, emotionally labile, inability to Reversible:
(2003a) report years concentrate Reduced clozapine to 25 mg combined with carbamazepine to
address mood disorders
Herzog et al Case 48 6,12 & 24 | Dislocation of impulse generator from site of implantation (n=2), | Reversible:
(2003b) series months transient psychiatric symptoms (n=11), depression (n=5), manic | Dislocation of IPG from site of implantation resolved by surgical
psychosis (n=1), dysarthria (n=2), apraxia of eyelid opening revision and fixation of generator to chest wall, transient psychiatric
(n=3), disabling dyskinesias (n=2) symptoms improved without specific therapy, depression related
symptoms treated with antidepressant medication or adjustment of
dopaminergic therapy
Irreversible:
Dysarthria, disabling dyskinesias and apraxia of eyelid opening
lansek et al Case 14 6 months | Transient dysarthria (n=1), ataxia (n=1), diplopia (n=1), Reversible:
(2002) series emotional lability (n=1), leg dysaesthesia (n=1) Transient dysarthria, diplopia, emotional lability
Irreversible:
Leg dysaesthesia, ataxia
Kleiner-Fisman Case 6 Not reported | Scalp cellulitis (n=1), lead erosion (n=1), electrode migration Reversible:
et al (2004) series (n=1) All adverse events resolved by replacement of hardware or
repositioning
Krack et al Case 49 1,3&5 Mortality (n=3), transient delirium (n=12), infection (n=1), Reversible:
(2003) series years seizures (n=2), stimulator repositioning (n=1),dysarthria (n=4), All adverse events were resolved apart from those listed as

irreversible

Irreversible:

Weight gain (n=39), hallucinations (n=3), dementia (n=3), apathy
(n=5), dysarthria (n=2), disabling dyskinesia (n=2), eyelid opening
apraxia (n=8)
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Table 13 (cont'd) Complications after surgery

Study

Sample

Length of

Study - . Adverse event (n) Patient outcome
design size follow-up
Krause et al Case 27 30 months | Worsening of dysphagia (n=1), development of mild dysphagia | Reversible:
(2004) series (n=2), transient hyperhidrosis within minutes of turning on IPG Transient hyperhidrosis resolved spontaneously, increased libido
(n=6), lasting hyperkinesias (n=2), increase in falling (n=4), treated with antiandrogens
increased libido (n=1) Ireversible:
All other adverse events
Krauss et al Case 6 3,12 & 24 | Perioral tightness (n=4), dizziness (n=1), weight gain (n=2), Reversible:
(2003) series months lead fracture (n=1), increased dystonia resulting from IPG Periorial tightness, lead fracture, increased dystonia and dizziness
switching off spontaneously (n=1) reversed by adjustment of stimulation settings or replacement of
leads
Irreversible:
Weight gain
Kulisevsky et al Case 15 48 hours | Manic syndrome (n=1), euphoria (n=1), increased libido (n=1), Reversible:
(2002) series hyperactivity (n=1) All adverse events resolved following adjustment of stimulation
parameters
Lyons et al Case 13 6,12,18 & | Paraesthesia (n=7), dysarthria (n=6), disequilibrium (n=3), Reversible:
(2002) series 24 months | visual disturbances (n=2) All adverse events were resolved following adjustment of stimulation
IPGlextension infection (n=1), malfunction of leads (n=4), lead | Parameters or removal/replacement of devices
fracture (n=2), battery depletion (n=11)
Molinuevo et al Case 15 6 months | Transient confusion/disorientation/abulia (n=2), mild depression | Irreversible:
(2003) series (n=1), dysarthria (n=2), hypophonia (n=2) Mild depression, dysarthria and hypophonia remained 6 months
after surgery
Morrison et al Case 17 3months | Mild cognitive decline, mild decline in attention and language Not stated
(2004) series areas
Pahwa et al Case 72 3,12 & 24 | Dysarthria (n=10), gait abnormality (n=3), paresthaesia (n=2), Reversible:
(2003) series months depression (n=1), muscle spasm (n=1) All adverse events were resolved following adjustment of stimulation
Malfunction of leads (n=10), incorrect positioning of leads (n=1), | Parameters or removal/replacement of devices
intermittent stimulation (n=1), lead fracture (n=2), infection
(n=3), skin erosion at site (n=1), battery depletion (n=3), battery
malfunction (n=6)
Patel et al Case 16 Not No procedure or device related adverse events Not stated
(2003) series reported Stimulation-related complications: Hypophonia (n=3), eyelid
apraxia (n=2)
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Table 13 (cont'd) Complications after surgery

Study Stu_dy Sar_nple Length of Adverse event (n) Patient outcome
design size follow-up

Rodriguez-Oroz et| Case 10 3,6, 12 & 48 | Dementia (n=1), hallucinations (n=1), social misconduct (n=1), | Reversible:

al (2004) series months | cognitive impairment (n=2), depression (n=1), severe dysarthria | Resolved by surgical revisions, adjustment of stimulation parameters,
(n=1), subcutaneous erosion and infection (n=1), battery or removal/replacement of devices
depletion (n=19)

Romito et al Case 33 1,3,6,12, |Transient: Reversible:

(2003) series 18, 24 & 36 |Increased libido (n=4), manic psychosis (n=2), seizure (n=1) All transient, stimulation-dependent and device failure adverse events

months Long-lasting: Irreversible:

Hypophonia (n=12), dysarthria (n=5), eyelid opening apraxia Hypophonia, dysarthria, eyelid opening apraxia, depression, psychic
(n=4), depression (n=3), psychic akinesia (n=2), limb dystonia akinesia, limb dystonia, bilateral buccinator spasm, weight gain
(n=1), bilateral buccinator spasm (n=1), weight gain (n=33)
Stimulation-dependent:
Paraesthesias (n=10), ballic-choreic dyskinesias (n=3),
blepharospasm (n=2), diplopia (n=2), monolateral buccinator
spasm (n=1)
Device failure:
Unexplained switching off (n=3), sudden end to battery life (n=4)

Rousseaux et al Case 7 3months | Dysarthria (n=4), worsening of dysarthria (n=2) Not stated

(2004) series

Sauleau et al Case 17 Not reported | Oculomotor disorders (n=95 contacts), autonomic disorders Not stated

(2005) series (n=59 contacts), dystonic disorders (n=32 contacts), sensory
disorders (n=20 contacts)

Sensi et al (2004) Case 1 6 months | Aggressive behaviour, kleptomania Reversible:

report Adverse events resolved following administration of antipsychotic drug
administration
Simuni et al Case 12 3,6&12 | Mortality (n=1), chronic subdural haematoma (n=1), subcortical | Reversible:
(2002) series months | haemorrhage (n=1), seizure (n=1), infection at battery site (n=1), | Adverse events resolved by surgical revisions, adjustment of

transient change in mental status (n=1)

stimulation parameters or removal/replacement of devices
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Table 13 (cont'd) Complications after surgery

Study Stu_dy Sar_nple Length of Adverse event (n) Patient outcome

design size follow-up

Smeding et al Case 20 6&12 Severe confusion (n=1), cognitive decline (n=1), displaced Reversible:

(2005) series months | electrodes (n=1) All adverse events resolved by adjustment of electrode positioning

Tamma et al Case 12 3months | Most common adverse events: Not stated

(2002) series Pyramidal, sensorial, oculomotor & vegetative

Unspecific events:
Chest constriction, malaise, dizziness

Tamma et al Case 30 3&12 Mild confused state (n=9), eye opening apraxia (n=1), weight Not stated

(2003) series months | gain (n=30)

Thobois et al Case 18 6&12 Worsening of dysarthria and freezing (n=1), increased Reversible:

(2002) series months | sialorrhoea and drooling (n=1), postural imbalance (n=1), Dyskinesia resolved following adjustment of stimulation parameters,

dyskinesias (n=18), mild depression (n=>5) depression (n=5) improved spontaneously or after a serotonin
reuptake inhibitor treatment

Varma et al Case 7 Not reported | No significant mental effects Reversible:

(2003) series Lead fracture (n=1), uninhibited behaviour (n=1), visual All gqlverse events were resolved either spon_tan.e(_)usly, by sgrgical

hallucinations (n=2), transient paraesthesia (n=unspecified) revisions, or by medications (levodopa for uninhibited behaviour &
quetiapine for visual hallucinations)

Vesper et al Case 84 6 months | Subcutaneous infections in stimulator pocket (n=2), confusion Reversible:

(2002) series (n=10) Subcutaneous infections were resolved by removal/replacement of
devices. Confusions resolved either spontaneously (n=4) or with drug
treatments (n=4)

Irreversible:
Confusion was not resolved by drug treatment or by adjustments of
stimulator (n=2)

Vesper et al Case 113 3,6&12 | Transient disorientation (n=6), infection (n=5), intracerebral Reversible:

(2004) series months | haemorrhage (n=2) Transient disorientation resolved spontaneously for 4 patients and 2
patients required antipsychotic medication. Infection resolved by
removal/replacement of devices
Irreversible:

Intracerebral haemorrhage

Visser- Case 20 3&48 Hypomania to mania (n=4) Not stated

Vandewalle et al series months

(2004)
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Thalamic DBS-induced side effects can include paraesthesias, muscle cramp, dystonia,
dizziness, dysarthria, gait and balance disturbances, limb ataxia, impaired proprioception
and decreased fine motor movement. In pallidal DBS, side effects can include confusion,
depression, increase in akinesia and induction of gait or speech disturbances. In STN
DBS, side effects can include increased dyskinesias, blepharospasm/eyelid-opening
apraxia, confusion/memory disturbances, personality changes, mood changes, apathy,
cognitive changes, dysphonia/dysarthria and weight gain.

Three studies (Chen et al 2003, Patel et al 2003, Romito et al 2003) specifically reported
stimulation-dependent adverse events. These included ballism/chorea, blepharospasm,
eyelid apraxia, weight gain and hypophonia.

Other adverse events reported in the case series included:

o infection reported in four studies (Constantoyannis et al 2005, Pahwa et al 2003,
Simuni et al 2002, Vesper et al 2004) with an incidence ranging from 3/72
patticipants (4.2%, Pahwa et al 2003) to 1/12 participants (8.3%, Simuni et al
2002);

o suicidal tendencies and attempts reported in three studies (Berney et al 2002,
Doshi et al 2002, Funkiewiez et al 2004) with an incidence ranging from 1/31
patticipants (3.2%, Doshi et al 2002) to 3/24 participants (12.5%, Berney et al
2002);

o depression reported in nine studies (Berney et al 2002, Doshi et al 2002,
Funkiewiez et al 2004, Herzog et al 2003, Molinuevo et al 2003, Pahwa et al 2003
Rodriguez-Oroz et al 2004, Romito et al 2003, Thobois et al 2002) with an
incidence ranging from 1/77 participants (1.3%, Funkiewiez et al 2004) to 5/18
participants (27.8%, Thobois et al 2002);

b

. mortality reported in two studies with an incidence of 3/49 patticipants (6.1%,
Krack et al 2003) and 1/12 participants (8.3%, Simuni et al 2002). It is unclear
whether the deaths were related to the procedure or subsequent use of the
stimulator.

Thirteen studies reported irreversible adverse events including:

o cognitive changes and increased parkinsonian symptoms in 1/25 patticipants
(4.0%) in Anderson et al (2005);

o weight gain in 29/33 participants (87.9%) in Barichella et al (2003) and 2/6
participants (33.3%) in Krauss et al (2003);

o fluctuating cognitive, behavioural and mood disorders in 1/20 patticipants (5.0%)
in Esselink et al (2004);

o psychosis and severe depression in 5/77 participants (6.5%) in Funkiewiez et al
(2004);
o dysarthria in two (4.2%), disabling dyskinesias in two (4.2%) and apraxia of eyelid

opening in three (6.3%) of 48 participants in Herzog et al (2003b);
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. leg dysaesthesia in 1 (7.1%) and ataxia in 1 (7.1%) of 14 participants in Iansek et
al (2002);

. hallucinations in five (10.2%), dementia in three (6.1%) and apathy in seven
(14.3%) of 49 participants in Krack et al (2003);

. worsening or development of dysphagia in 3/27 participants (11.1%) in Krause
et al (2004);

o depression in 1/15 participants (6.7%) in Molinuevo et al (2003);

o hypophonia in 12 (36.4%) and limb dystonia in one (3.0%) of 33 participants in
Romito et al (2003);

o confusion in 10/84 participants (11.9%) in Vesper et al (2002);

o intracerebral haemorrhage in 2/113 participants (1.8%) in Vesper et al (2004).

Not all of these irreversible adverse events, for example weight gain, would require
treatment to be stopped. In fact, expert opinion suggests that weight gain may be a
desirable outcome since weight loss is common in advanced PD. In addition, the
reported adverse events may be reversible upon cessation of stimulation.

Regarding safety of the procedure, the five Australian studies (Appendix E) reported that
complications occurred as a result of the surgical procedure for STN DBS and also as a
consequence of the stimulation. In summary:

. three of the five studies reported a need to reposition the electrodes in some
patients;
. one study reported that some patients had developed infection to either the

pacemaker box or the extension wires going towards the brain (the pacemaker
box or extension wires had to be removed and were replaced after complete
recovery from the infection);

. some patients experienced confusion as a result of surgery;
o two cases of urinary tract infection were considered to be minor complications of
surgery.

For major complications relating to surgery:

. two cases of cerebral haemorrhage were reported, one leaving the patient with
significant cognitive sequelae necessitating supervised care and the other resulting
in death from intracerebral haemorrhage three weeks after the procedure.

In relation to complications associated with stimulation:

o several incidents were reported of patients experiencing dysarthria and
hypophonia and, to a lesser degree, emotional lability; and
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. two patients died due to progression of the disease with death occurring post-
operatively at six months and five years, respectively. There was one patient
death for which the cause of death remains uncleat.

Hamani et al (2005) performed a systematic review of case series to assess the safety and
effectiveness of bilateral STN DBS for the symptoms of PD in a total of 537 individuals.
The authors reported the mortality rate, adverse events related to stimulation, general
neurological and surgical complications and hardware-related complications. Mortality
occurred at a rate of 0.4 per cent.

The adverse events related to stimulation (and rates of occurrence) were: hypophonia
(5.8%), eyelid apraxia (4.6%), increased libido (0.8%), sialorrhea (0.9%) and decreased
memory (1.1%). Other stimulation-related adverse events included dystonia,
paraesthesias, diplopia, dyskinesias and dysarthria; however these events were not
reported in the studies or were underestimated.

The adverse events related to general neurological and surgical complications (and rates
of occurrence) were: depression (4.7%), mania/hypomania (2.0%), peti-operative
confusion (13.7%), cerebrospinal fluid leak (0.1%), meningitis (0.1%), venous phlebitis
(0.7%), pneumonia (0.4%), urinary tract infections (0.3%), pulmonary embolism (0.5%),
seizures (0.9%), haemorrhage (2.8%). Weight gain was also considered to fall into this
category, but was reported to be under-quantified in the studies (Hamani et al 2005).

The adverse events from hardware-related complications (and rates of occurrence) were:
lead problems including lead migration, breakage and repositioning (4.5%), infections of
the hardware (3.4%), swelling in the region of the IPG/extension cables (0.8%) and
battery failure (0.4%).

Summary of the safety of DBS for the symptoms of PD

Conclusions regarding the safety of DBS for the treatment of symptoms of PD were
similar for the current review and the identified systematic review. Some adverse events
were reported to be transient or resolved with treatment, but a number were reported to
be irreversible. The assessment of the safety of DBS for the treatment of symptoms of
PD is limited by:

o follow-up of the hardware to a maximum of only 60 months in participants
included in each of the studies; and

o the lack of data assessing the comparative safety of DBS and SMT.
Expert opinion suggests that DBS, which is potentially reversible, is as safe as, and

possibly safer than, irreversible ablative surgery. Complications arising from DBS are
more likely to be hardware-related rather neurologic.

Is it effective?

No RCTs were identified that compared the effectiveness of DBS for the treatment of
symptoms of PD with placebo or SMT.
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The assessment of the effectiveness of DBS for PD was completed by the critical
appraisal of one double-blind crossover evaluation and three case-control studies. All
patients in the double-blind crossover study had the DBS device implanted and
symptoms were evaluated with the device turned OFF or turned ON. In the case-control
studies, cases were participants with PD who received DBS and controls were
participants with PD whose symptoms were managed by SMT.

The double-blind crossover study by Rodriguez-Oroz et al (2004) included 10
participants.

The case-control study of Capecci et al (2005) included 23 case and 16 control subjects.
All participants were eligible for DBS, however most controls chose not to have the
device implanted because of fear of surgery. Four controls later changed their minds and
underwent surgery 13, 14, 16 and 17 months after enrolment in the study. They are
included in the data from the 12-month follow-up, which was available for all
participants. Twenty-four-month follow-up was available for only 13 cases and eight
controls.

The study of Hjort et al (2004) included 10 cases and 10 controls and that of Just &
Ostergaard (2002) included 11 cases and 13 controls. The controls in each were
individuals with PD admitted to a waiting list for DBS surgery.

Critical appraisal of the double-blind crossover and case-control studies

The descriptive characteristics of the double-blind crossover study and three case-control
studies identified from a systematic search of the literature and meeting the « priori
inclusion criteria are listed in Table 14. The double-blind crossover study by Rodriguez-
Oroz et al (2004) was conducted in Spain and the enrolled participants had a mean age of
62 years (range 53—73) when surgery was performed and a maximum follow-up of 48
months post-surgery. Participants in the double-blind crossover study underwent surgery
between 1996 and 1999 and the assessment was performed between 2001 and 2003.

Of the case-control studies, one was conducted in Italy and two were conducted in
Denmark. The minimum and maximum lengths of follow-up were three months (Hjort
et al 2004) and 24 months (Capecci et al 2005), respectively. The study populations
varied in size from 20 (Hjort et al 2004) to 39 (Capecci et al 2005). The majority of
participants in Hjort et al (2004) and Just & Ostergaard (2002) were male. The mean or
median age of the participants was similar between studies. The mean duration of PD
varied from 10.3 years in the control participants in Capecci et al (2005) to 17.7 years in
the case participants in Hjort et al (2004).
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Table 14

Descriptive characteristics of double-blind crossover and case-control studies

Maximum Study population
length of
Ne male Mean age Mean
period Sample size PD
(months) (%) (years=SD) (yearsxSD)

Double-blind crossover study

Rodriguez- Spain Patients 48 10 8 (80.0) At time of Not reported

Oroz et al operated surgery:

(2004) on between 62
1996 and
1999, Range: 53-73
evaluated
between
2001 and
2003

Case-control studies

Capeccietal | ltaly Jul 2000- 24 All: 39 All: 18 (46.2)

(2005) Jul 2002 Cases: 23 Cases: 12 Cases: Cases:

(52.2) 59.5+7.5 12.8+4.2
Controls: 16 Controls: 6 Controls: Controls:
(37.5) 62.246.5 10.344.2

Hijort et al Denmark | Not 4 All: 20 All: 12 (60.0)

(2004) reporteq. (3 months Cases: 10 Cases: 5 Cases: 60.1 Cases: 17.7
(Surgeries post (50.0) Range: 52-71 | Range: 10-28
performed surgery)
between Controls: 10 Controls: 7 Controls: 58.5 | Controls: 13.2
Feb and (70.0) Range: 41-69 | Range: 5-20
Jun 2002)

Just & Denmark | Not 6 All: 24 All: 15 (62.5)

Ozztg;gaard r(;porteq. Cases: 11 Cases: 8 Cases: Cases:

(2002) ( geries (72.7) 50.846.8 14.046.0
periorme Range: 7-25
between
Feb and Controls: 13 Controls: 7 Controls: Controls:
Sep 2000) (53.8) 61.445.7 16.0+6.0

Range: 10-27

Table 15 summarises the inclusion and exclusion criteria used to recruit participants in
the four studies. Cappeci et al (2005) reported explicit inclusion criteria and Rodriguez-
Oroz et al (2004) described the enrolled participants. Hjort et al (2004) and Just &

Ostergaard (2002) reported no inclusion criteria.
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Table 15 Selection criteria for double-blind crossover and case-control studies

Study ‘ Inclusion Exclusion

Double-blind crossover study

Rodriguez- A consecutive series of patients regularly assessed | Not reported
Oroz et al at the centre ie patients were not selected on the
(2004) basis of having experienced an especially good

response to DBS (positive hias)

Case-control studies

Capecci et al o Participants were eligible for the study if they met | Not reported
(2005) the internationally agreed criteria for DBS

o Patients with advanced PD who displayed
clinical fluctuations or side effects from drug
therapy leading to moderate to severe disability
and were no longer having significant
advantages from adjustments to drug scheduling

o Participants who met the requirements of the
Core Assessment Program for Surgical
Intervention Therapies (CAPSIT) in PD and gave
informed consent to the operation were
considered cases and those deciding against
surgery acted as controls

Hijort et al Participants were described as patients with Not reported
(2004) advanced PD and motor complications

Just & Case participants were described as having Not reported
Ostergaard advanced idiopathic PD.

(2002) Control participants were described as a "similar

group of patients"

Validity of double-blind crossover and case-control studies

The study by Rodriguez-Oroz et al (2004) met most of the validity criteria for a double-
blind crossover. Although the study did not report the method of randomisation of
participants, the authors explicitly reported concealment of randomisation and blinding
of participants, investigators and outcome assessors. Analyses were performed using the
entire study population as there were no losses to follow-up due to the relatively short
duration of the double-blind crossover part of the study.

The validity characteristics of the three case-control studies are summarised in Table 16.
Only the study by Capecci et al (2005) explicitly defined the case participants, reporting
that all participants had median Hoehn & Yahr stage IV disease. One study (Hjort et al
2004) did not report disease severity in the cases or controls beyond duration of disease.
All of the studies assessed the interventions the same way for cases and controls and
showed no evidence of overmatching the cases and controls for confounding factors.

32 Deep brain stimulation for the symptoms of Parkinson’s disease




Table 16 Validity characteristics of the case-control studies

Interventions
assessed in same | Possibility of
way for cases and | overmatching?

controls?

Design e Comparable groups
Study NHMRC Level of Epr(;cle(t:;Seglsr])ltlon with respect to
Evidence ' confounding factors?

Capecci et | Prospective, non- Yes Median Hoehn & Yahr Yes No
al (2005) | equivalent pre-test/post- scale

test control group study Cases: Stage IV

Level lll Controls: Stage IV

Hjortetal | Case-control No — advanced PD | Duration of disease in Yes No
(2004) with motor years

Level Il o
complications

Cases:
Mean: 17.7
Range: 10-28

Controls:
Mean: 13.2
Range: 5-20

Just & Case-control No - advanced Duration of disease in Yes No
Ostergaard Level Il idiopathic PD years:

(2002) Mean+SD, range
Cases: 1446, 7-25

Controls: 1646, 10-27

PDQ-39SI:
Mean£SD, range
Cases: 38.4+11.3,
25.0-63.3

Controls: 41.3+12.1,
25.4-71.1

Table 17 presents the results of the double-blind crossover study by Rodriguez-Oroz et
al (2004). Double-blind evaluations were performed only in the OFF medication state in
which medication was stopped overnight. The DBS device was switched off at 6am and
evaluations were initiated at 9am. Participants were randomly assigned to one of two
treatment sequences.

In sequence 1, participants underwent evaluation with the stimulator turned off for an
additional two hours and were re-evaluated when the device was switched on for two
hours. In participants randomly assigned to sequence 2, this order was reversed. The
effect of stimulation was observed regardless of the order in which the device was
switched ON and OFF (Table 17). The mean change in UPDRS III scores was from 43
points with stimulation OFF to 26 points with stimulation ON (p=0.04), representing an
improvement in motor symptoms with stimulation. The observed improvements were 38
per cent for rigidity, 55 per cent for tremor and 40 per cent for axial symptoms. The
walking and tapping tests were also significantly improved with stimulation. Four patients
who were unable to walk with stimulation OFF were able to complete the task with
stimulation ON. The results of the double-blind crossover study showed that the effects
of DBS remain reversible and effective four years after surgery.
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Table 17 Results of UPDRS lll, walking test and tapping scores in the double-blind crossover

study
DBS OFF DBS ON Change

Assessment p value

Mean (range) Mean (range) (%)
UPDRS Il
Sequence 12 (n=6) 49 (58-66) 30 (13-52) 38.7
Sequence 22 (n=4) 31 (27-33) 18 (16-19) 419
Mean 43 (27-66) 26 (13-52) 0.04 395
Walking test 25 (18-27) 16 (14-20) 0.04 36.0
Tapping 114.2 (23-192) 152.4 (21-223) 0.04 334

Source: Rodriguez-Oroz et al (2004).
Abbreviations: UPDRS IlI, Unified Parkinson’s Disease Rating Scale Motor section
aDescribed in the text

Rodriguez-Oroz et al (2004) also reported an open assessment of the motor state
undertaken on patients on and off medication (a minimum of 12 hours since the last
dose) before and after surgery, and on and off stimulation one and four years after
surgery.

Four years after surgery, the UPDRS OFF medication score and the magnitude (OFF-
ON difference) of the response to levodopa were reduced by 62 and 77 per cent,
respectively, compared with scores before surgery. The levodopa daily dose decreased
from 1,287.5 mg (range 300 mg to 2,050 mg) pre-operatively to 641 mg (range 140 mg to
1,140 mg) four years post-operatively.

Four years after surgery, assessment of the UPDRS part II, Activities of Daily Living
(ADL) revealed improvement by 61 per cent in the medication OFF state but no
significant differences in the medication ON state compared with pre-surgery scores. No
significant differences were observed in ADL scores in the ON and OFF medication
state at one year post-surgery compared with pre-surgery scores. Global assessment of
the motor situation at four years by examiners and patients showed an improvement of
71 per cent and 52 per cent, respectively.

Participants in Capecci et al (2005) were evaluated in "defined-OFF" and "defined-ON"
states at baseline and 12 and 24 months (Table 18). Case participants were evaluated
following surgery in both the ON stimulation-OFF medication and ON stimulation-ON
medication states. The authors reported that there was a statistically significant difference
between the treatment groups at both 12 and 24 months in the UPDRS-ADL, UPDRS-
ADL disability items, Brown’s Disability Scale (B'DS) and the Functional Independence
Measure (FIM). The UPDRS-ADL score (mean®SD) for case participants was 16.6+4.1
points at baseline, 8.0£4.6 points at 12 months post-surgery and 10.6%3.3 points at 24
months post-surgery.

The decrease in UPDRS-ADL scores from baseline to 12 and 24 months post-surgery
indicated an increased ability for the case participants to complete activities of daily
living. In contrast, control participants displayed a gradual increase in UPDRS-ADL
scores from 14.444.7 points at baseline to 14.9£6.0 points at 12 months and 16.3£7.9
points at 24 months of follow-up. This decreased ability to perform activities of daily
living is most likely attributable to a worsening of PD symptoms.
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Table 18 Primary outcome measures in cases and controls and results of the two way
analyses of variance

Cases Controls p value2
Outcome Baseline® | 12 months | 24 months | Baseline | 12 months | 24 months 12 months | 24 months
(n=23) (n=23) (n=13) (n=16) (n=16) (n=8)
UPDRS-ADL 16641 | 8.0+46 | 10633 | 144447 | 149460 | 163+7.9 | <0.0001 | 0.0050
UPDRS-ADL DI 12.5+2.5 6.445.2 6.6+4.4 8.6+2.7 8.5+3.1 10.4+4.1 0.0050 <0.0001
BDS 4184234 | 18.3+11.6 | 19.0+135 | 35.3+15.5 | 41.9+26.4 | 42.8+25.6 0.0020 0.0070
FIM 108.2+17.9 | 117.6+4.8 | 118.2+4.6 | 113.6+9.4 | 106.0£11.5 | 101.2+16.0 0.0400 0.0400

Source: Capecci et al (2005).

Abbreviations: B'DS, Brown's Disability Scale; FIM, Functional Independence Measure; UPDRS-ADL, Unified Parkinson’s Disease Rating

Scale for Activity of Daily Living; UPDRS-ADL DI, Unified Parkinson's Disease Rating Scale for Activity of Daily Living Disability ltems

(composite subtotal of scores from speech, handwriting, cutting food, dressing, hygiene, turning in bed, and gait)

aTime x treatment p value calculated by including disability scores as independent variables in a two-way analysis of variance for repeated
measures, comparing the functional trends of the two groups of patients and considering time and treatment effects both separately and
cumulatively

b All outcomes are presented as mean+SD

Capecci et al (2005) reported that there was a statistically significant difference between
the treatment groups at both 12 and 24 months in the following outcomes: UPDRS III
TIME-OFF, daily OFF rate, rate of dyskinesia, tremor, gait, postural reflex, sensory
symptoms and LEDD (Table 19).

The TIME-OFF scores refer to the period during which participants are off SMT.
Control participants displayed a gradual increase in UPDRS III TIME-OFF scores
(meantSD) from 37.4£5.1 points at baseline to 39.846.3 points at 12 months and
41.7£7.9 points at 24 months of follow-up. For case participants (where TIME-OFF
scores were measured with stimulation on), the UPDRS III TIME-OFF score
(meantSD) was 38.3£11.6 points at baseline, 17.9%11.7 points at 12 months following

surgery and 18.0+4.7 points at 24 months of follow-up. These results suggest that DBS is

effective in maintaining increased motor control in participants, even in the absence of
SMT.

Measures of the mean daily OFF rate refer to the period of time per day whilst on
medication during which the medication is ineffective and participants are disabled by
the symptoms of PD. The mean®SD daily OFF rate for case participants with
stimulation ON decreased from 46.1£1.8 per cent at baseline to 5.9£6.4 and 5.2£6.3 per
cent at 12 and 24 months, respectively. The authors report that the OFF-period rate
decreased by 90 per cent in all 23 case participants with highly significant reductions in
the rate of dyskinesia (p<<0.0001), tremor (p<<0.0001) and sensory symptoms (p<0.0001),
whose scores tended to zero in all cases. Significant changes were also observed for axial
symptoms such as gait (p<0.001), freezing (p<<0.01) and falls (p=0.04), however these
scores did not decrease uniformly among the case participants.

In contrast, the daily OFF rates (meantSD) for control participants was 38.1£15.5 per
cent at baseline, increasing to 42.1+4.6 and 45.8£8.9 per cent at 12 and 24 months,
respectively. These results indicate that DBS can ameliorate the symptoms of PD by
smoothing out motor fluctuations during periods in which SMT is not effective and
provide more time during which the symptoms of PD are maintained at levels similar to
those when medication is effective.
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Capecci et al (2005) also reported that case participants had reduced LEDDs compared
with control participants with a 31.4% and 39.2% reduction in LEDD at 12 and 24
months of follow-up, respectively.

Table 19 Trends of secondary outcome measures in cases and controls and results of two-
way analysis of variance

Cases Controls p value?

Outcome Baseline | 12 months | 24 months | Baseline | 12 months | 24 months 12 24

(n=23) (n=23) (n=13) (n=16) (n=13) (n=8) months | months
UPDRS Il TIME-OFF® | 38.3+11.6 | 17.9+11.7 | 18.0+4.7 374451 39.846.3 41.747.9 | <0.0001 | 0.001
UPDRS Il TIME-ONb 10.248.2 11.748.7 13.5£8.5 12.0£9.2 13.0+5.4 14.0+5.8 NS NS
Daily OFF rate® 46.1+18 | 59464 52+6.3 | 38.1+155 | 421446 | 458+89 |<0.0001 | 0.0001
Rate of dyskinesia® 2 (1-3) 0(0-1) 0(0-1) 1(1-2) 2(1-2) 2(1-3) | <0.0001 | 0.0100
Drooling® 0(0-1) 0(0-1) 1(0-1) 0(0-1) 0(0-1) 1(0-1) NS NS
Speeche 2(1-2) 1(0-2) 2(1-3) 0(0-1) 0(0-1) 1(0-2) NS NS
Tremor® 2 (1-3) 0(0-1) 0(0-1) 1(1-2) 1(1-2) 2(1-2) 0.0001 | 0.0010
Gaitt 2(1-2) 1(0-1) 1(1-2) 1(1-2) 2(1-2) 2(1-2) 0.0100 | 0.0500
Freezing® 2(0-3) 1(0-2) 1(1-2) 1(1-2) 2(1-2) 1(1-2) | 0.0400 | NS
Postural reflext 2(1-2) 1(0-2) 1(1-2) 1(0-1) 1(0-2) 1(0-2) | 0.0070 | 0.0070
Fallsc 0(0-1) 0(0-0) 0(0-0) 0(0-1) 0(0-0) 1(0-1) 0.0500 NS
Sensory symptoms¢ 2(1-2) 0(0-0) 0(0-1) 1(1-2) 2 (1-3) 2(1-2) 0.0001 | 0.0010
LEDD® 987.9+427.0 |708.0+311.0 |561.0+347.0 [961.2+474.0 | 1032.4+356.6/922.5+289.1 | 0.0005 | 0.0500
BDIP 14.446.9 9.5+2.6 9.544.1 13.5t6.4 10.5+4.9 8.5+4.9 NS NS

Source: Capecci et al (2005).
Abbreviations: BDI, Beck Depression Inventory; LEDD, levodopa equivalent daily dose; NS, not significant; UPDRS lI, Unified Parkinson’s
Disease Rating Scale Motor section
aTime x treatment p value calculated by including disability scores as independent variables in a two-way analysis of variance for repeated

measures, comparing the functional trends of the two groups of patients and considering time and treatment effects both separately and

cumulatively
®Mean+SD
¢Median (quartiles)

Hjort et al (2004) reported that cases had a mean UPDRS score OFF medication of 48.8
one month before surgery and of 21.9 three months after surgery (p<<0.002) and that the
Hoehn & Yahr stage off medication decreased from 4.2 before surgery to 2.6 after
surgery. The authors did not report the mean UPDRS and Hoehn & Yahr stages for the
control group. The LEDD was reduced by 29 per cent from 1,138 mg to 813 mg in cases
before and after surgery, respectively. For cases, the number of participants not taking
sleep medicine or clozapine increased from five (50%) to eight (80%) after surgery. For
controls, the number of participants not taking sleep medicine or clozapine at baseline
and at four months of follow-up was seven (70%) and eight (80%), respectively.

In the study of Just & Ostergaard (2002) there was a significant difference in mobility,

ADL, stigma, cognition, bodily discomfort and the PDQ-39SI for cases between baseline
and six months after surgery (Table 20). No significant differences were observed for any
of the subscales or PDQ-39SI for control participants at three or six months of follow-
up (Table 20). There were statistically significant differences in mobility, ADL, cognition
and PDQ-39SI between the groups at six months of follow-up. The results of the PDQ-
39SI scores indicated that DBS significantly improves the QoL for individuals with PD.
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Just & Ostergaard (2002) also reported UPDRS 11, UPDRS III and Hoehn & Yahr stage
scores for case participants OFF and ON medication at baseline, and at three and six
months of follow-up. (They did not report these scores for the SMT control group).
Statistically significant reductions in the UPDRS II and UPDRS III scores were observed
for surgical participants with stimulation on during the OFF medication states at three
and six months of follow-up. Participants ON medication showed significant reductions
in the UPDRS II scores at six, but not three months of follow-up and significant
reductions in UPDRS III scores at both three and six months. The Hoehn & Yahr scores
were significantly different only in the OFF medication state, at three and six months of
follow-up. In addition, the OFF periods experienced by the surgical participants
(mean®SD) decreased from 31.0£19.0 per cent at baseline to 2.9£5.7 per cent at three

months (p=0.001) and 0.0£0.0 per cent at six months (p=0.001).
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Table 20

Subscale scores and PDQ-39SI scores at baseline, 3 and 6 months for cases and controls

Cases Controls Difference between
(n=11) (n=13) groups
Baseline 3 months 6 months Change Change Baseline 3months | 6 months Change Change Change Change
Outcome from from from from from from
baseline to | baseline to baseline to | baseline to | baseline to | baseline to
3 months 6 months 3 months 6 months 3 months 6 months
" N . Mean Mean Mean Mean Mean Mean
MeantSD | MeantSD | MeantSD (95% Cl) (95% Cl) MeantSD | MeantSD | MeantSD (95% Cl) (95% Cl) (95% Cl) (95% Cl)
B 28.1 26.8 0.0 -3.3 28.1 30.1
Mobility 61.5+16.2 | 33.4+165 | 34.7+21.8 65.0+21.4 | 65.0+20.4 | 67.5%+19.5
(15.3,41.0) | (8.6,45.1) (-6.8, 6.8) (-9.6,3.1) | (13.5,42.6) | (10.7,49.4)
28.0 38.6 -1.6 -5.0 29.6 43.6
ADL 64.3+16.8 | 36.4+21.4 | 25.8415.5 52.9415.3 | 54.5+15.1 | 57.1%155
(15.5, 40.6) | (26.4,50.8) (-8.1,4.9) | (-13.6,3.6) | (15.4,43.7) | (28.7,58.5)
) ) 10.6 9.5 1.3 0.4 9.3 9.1
Emotional well-being | 29.9+145 | 19.3+22.5 | 20.5+18.9 33.0+£16.2 | 31.7£17.9 | 34.2+18.0
(-0.8,22.0) | (0.3,18.6) (-2.9,5.4) (-4.3,5.2) | (-2.8,21.4) | (-1.1,19.5)
) 10.8 15.9 3.8 4.4 7.0 115
Stigma 23.9+16.9 | 13.1+17.1 8.0+18.4 35.1+24.0 | 31.7£20.6 | 33.8426.5
(2.4,19.2) (4.4,27.4) (-0.9,8.6) | (-4.4,13.2) | (-2.6,16.7) | (-3.1,26.0)
) 45 5.3 -5.1 -3.3 9.6 8.6
Social support 21.6+21.0 | 17.0+20.6 16.3+25.4 1794176 | 23.1+27.0 | 21.7+20.9
(-7.0,16.0) | (-11.9,22.5) (-18.5,8.3) | (-18.0,11.3) | (-8.1,27.3) |(-14.0,31.2)
» 10.2 15.3 2.4 -25 12.6 17.8
Cognition 3474252 | 24.4+422.7 19.3+17.3 37.9+18.6 | 40.3t18.0 | 41.9+17.7
(-3.3,23.8) | (6.3,24.4) (-8.5,3.7) (-7.7,2.7) | (-2.3,27.4) | (7.3,28.2)
o -0.8 2.3 3.2 1.7 -4.0 0.6
Communication 31.8+23.8 | 3254254 | 29.5+215 42.9+14.0 | 39.7£16.0 | 40.8+14.9
(-10.6,9.1) | (-9.2,13.8) (-0.6, 7.1) (-5.1,8.4) | (-14.6,6.5) | (-12.8,13.9)
o 20.5 15.1 -4.5 4.2 25.0 10.9
Bodily discomfort 39.4+26.6 | 18.9+17.9 | 24.3+17.3 455+21.9 | 50.0+21.0 | 45.0+18.9
(6.0, 34.9) (0.8,29.5) (-13.6,4.6) | (-4.8,13.6) | (8.0,42.1) | (-6.1,28.0)
14.0 16.1 -0.7 -0.4 14.7 16.5
PDQ-39SI 38.4+11.3 | 24.4+154 | 22.3+125 41.3+12.1 | 42.0+12.3 | 42.7+12.1
(5.8,22.2) (9.0, 23.1) (-4.5,3.2) (-5.0,4.1) (5.7, 23.8) (8.1,24.9)

Source: (Just & Ostergaard 2002)
Abbreviations: ADL, Activity of Daily Living; Cl, confidence interval; PDQ-39SI, Parkinson's Disease Questionnaire Summary Index
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Discussion of double-blind crossover and case-control studies

The results of the effectiveness of DBS for the treatment of PD symptoms were assessed
from one double-blind crossover and three case-control studies. Since the UPDRS 111
scores of individuals with PD are expected to increase by 1.5 to 3.6 points annually
(Louis et al 1999), these studies indicated that DBS ameliorated the symptoms of PD as
measured by the UPDRS and improved QoL as measured by the PDQ-39SI.

Rodriguez-Oroz et al (2004) reported a mean decrease in UPDRS 111 scores of 39.5 per
cent. Similarly, the case-control study by Capecci et al (2005) reported that UPDRS-ADL
scores were reduced at the 12- and 24-month follow-up, representing an improvement in
the ability to complete activities of daily living for case participants. The UPDRS 111
TIME-OFF scores of case participants decreased at 12 and 24 months of follow-up,
representing an improvement in motor symptoms. The results also indicated that DBS
was effective in maintaining motor function in the absence of SMT (Capecci et al 2005).

Hjort et al (2004) also reported a decrease in the UPDRS III score OFF medication at
three months post-operatively. In addition, the decrease in LEDDS ranged from 29 per
cent (Hjort et al 2004) to 43.2 per cent (Capecci et al 2005). These results therefore show
that DBS can ameliorate the symptoms of PD and reduce the LEDDS required to
maintain control of the symptoms of PD.

Two case-control studies (Capecci et al 2005, Hjort et al 2004) also reported significant
reductions in the daily OFF rate in which medication is not effective. Capecci et al (2005)
reported a reduction in the daily OFF rate from 46.1 per cent at baseline to 5.2 per cent
at 24 months of follow-up for participants undergoing DBS, whilst those who continued
on SMT showed a slight increase in daily OFF rates between baseline and 24 months of
follow-up. Hjort et al (2004) also reported a reduction in the daily OFF rate from 31.0
per cent at baseline to zero per cent at 6-months of follow-up, however this study did
not report the daily OFF rate for control participants. These results indicate that DBS
can ameliorate the symptoms of PD by smoothing out the motor fluctuations during
periods when SMT is ineffective and provide significantly more time during which the
symptoms of PD are maintained at levels similar to those when medication is effective.

Most of the studies reported an improvement in UPDRS and PDQ-39SI scores; however
the following issues highlight the limitations of the data presented:

o The double-blind crossover study included only 10 participants (for whom the
inclusion criteria were not explicit) and the DBS device was turned off for a
period of only two hours.

. The results of the studies presented in this assessment may be biased for the
following reasons:

- Two of the case-control studies included in this review stated that case
participants were enrolled consecutively, however consecutive enrolment of
the control participants was not reported. One case-control study stated that
participants were selected from a larger group of individuals, which may
introduce selection bias.

- There may have been selective reporting. One of the three studies explicitly
stated that data collection was prospective.
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o The length of follow-up in these studies was only 48 months, as a result of which
the long-term (>5 years) effectiveness of DBS for the symptoms of PD has not
been established.

o Participants in the studies may not be representative of those eligible for DBS in
Australia.

Results of a systematic review of bilateral STN DBS (Hamani et al 2005)

Hamani et al (2005) reported the results of a systematic review of the literature that
assessed the safety and effectiveness of DBS for the treatment of the symptoms of PD
(Table 21). The review included 38 case series from 34 neurosurgical centres in 13
countries. Twenty-two of these were assessed for outcome and an additional 16 were
included for motor subscores or adverse events. The results indicate that STN DBS is
effective in improving mean UPDRS ADL and Motor scores and in decreasing the
LEDDs. Improvements in these scores were observed at six, 12, 24 and 60 months post-
surgery for patients OFF and ON medication, compared with results before surgery in
the medication-OFF state.

The UPDRS II score (meantSD) of participants OFF medication was 27.0£6.8 points at
baseline, 11.9£5.0 at 12 months post-surgery and 15.6+8.5 points at 60 months. These
results indicate that DBS allowed individuals with PD to maintain increased abilities to
perform activities of daily living even in the absence of medication. However, the
UPDRS 1II scores of participants ON medication did not change significantly. Scores
were 9.7£5.9 points at baseline and 8.3%5.6 and 14.0£7.0 points at 12 and 60 months,
respectively.

The UPDRS III score of participants OFF medication was 50.24+20.3 points at baseline,
22.3%12.1 at 12 months and 25.8£21.3 points at 60 months, indicating that even in the
absence of medication, DBS allows individuals with PD to maintain increased motor
function similar to the levels observed when individuals with PD are on effective
medication. However, the UPDRS III scores of participants ON medication did not
change significantly from 21.219.0 points at baseline to 15.6£7.9 and 21.1£12.5 points at
12 and 60 months, respectively.

At 12 and 60 months after surgery, the LEDDS were reduced by 47.0 per cent and 59.0
per cent, respectively, compared to baseline, indicating the beneficial effects of DBS with
regard to motor function and the performance of activities of daily living. This reduction
in LEDDS might also reduce significantly some of the side effects associated with
prolonged high-dose levodopa treatment.
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Table 21

Results from systematic review of bilateral STN DBS

. Time after surgery:
Outcome Baseline2
6 months® 12 months | 24 months ‘ 60 monthse¢
UPDRS II: ADL
OFF 27.0+6.8 11.4+5.8 (58) 11.945.0 (56) 14.7+6.3 (46) 15.6+8.5 (42)
(n=311) (n=142) (n=241)) (n=48) (n=42)
ONe 9.7+5.9 (64) 7.0+6.2 (74) 8.3+5.6 (69) 11.645.3 (57) 14.0+£7.0 (48)
(n=311) (n=95) (n=209)) (n=48) (n=39)
UPDRS Ill: Motor
OFF 50.2420.3 24.9+12.1 (50) 22.3+£12.1 (56) 24.4+10.9 (51) 25.8+21.3 (49)
(n=471) (n=209) (n=374) (n=58) (n=42)
ONe 21.249.0 (58) 14.7+£9.7 (71) 15.6+7.9 (69) 17.4+8.0 (65) 21.1+12.5 (58)
(n=411) (n=209)) (n=374) (n=58) (n=39)
LED 1,264.3+577.9 580.3+389.9 (54) 669.7£341.1 530.3+400.0 (58) 518.0+333.0 (59)
(n-345) (n=139)) (47) (n=222) (n=19) (n=42)

Source: Hamani et al (2005)

Abbreviations: UPDRS, United Parkinson’s Disease Rating Scale; LEDD, levodopa-equivalent daily dose

aValues represented as mean=SD (% reduction). Percentage reductions are relative to pre-operative off medication scores, except for LEDD,
in which the percentages are relative to pre-operative dosage

b All post-operative scores are on stimulation

¢Data obtained from a single centre (Krack et al 2003)

dOFF medication

eON medication

Similar results were observed for the UPDRS Motor Subscores of tremor, rigidity,
akinesia-bradykinesia, gait and postural instability (Hamani et al 2005).

Hamani et al (2005) also reported UPDRS IV and subscore results. The UPDRS IV
score provides information about the complications of therapy, in particular the loss of a
smooth and sustained response to medication and occurrence of disabling dyskinesias.
For the ON-stimulation, ON-medication state, UPDRS IV scores improved compared
with pre-operative ON-medication scores by 73 per cent following six months of
treatment with DBS (n=59) and by 94 per cent following 12 months (n=44) (Hamani et
al 2005). Dyskinesias improved by 67 and 74 per cent at six and 12 months, respectively,
compared with pre-operative ON-medication scores. Dyskinesia subscores for duration,
disability and fluctuations consistently showed improvement following surgery and
treatment with DBS for up to five years of follow-up (Hamani et al 2005).

Discussion of a systematic review of bilateral STN DBS

The data presented in Hamani et al (2005) indicated that DBS was effective in reducing
the symptoms of PD. The results of the systematic review indicated that DBS allowed
the maintenance of abilities to perform activities and increased motor function in the
absence of effective SMT. The study by Hamani et al (2005) also showed that LEDDs
were decreased with STN DBS. In the absence of a comparator group, it is not possible
to quantitate the effect attributable to DBS; however, the worsening of akinesia, speech,
postural stability, freezing of gait and cognitive function is consistent with the natural
history of PD over time (Krack et al 2003).

Summary of the effectiveness of DBS for the symptoms of PD

The effectiveness of DBS for the treatment of symptoms of PD was assessed from one
double-blind crossover and three case-control studies. DBS appears to be effective for
the treatment of PD symptoms, with statistically significant changes observed between
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case and control participants in UPDRS and PDQ-39SI scores. These results therefore
show that DBS can ameliorate the symptoms of PD (as measured by the UPDRS ADL
and Motor sections) and reduce the LEDDS required to maintain control of the
symptoms of PD.

In addition, data from these studies indicated that DBS is effective in maintaining control
of the symptoms of PD in the absence of effective SMT. Patients experienced up to a 90
per cent reduction at 24 months following surgery in the daily OFF rate. However, the
assessment of the effectiveness of DBS for the treatment of symptoms of PD was

limited by:

o the number of individuals analysed;

° significant losses to follow-up in some studies; and

o follow-up of the participants to a maximum of only 48 months.

The data from these studies are, however, supported by those reported in the systematic
review of the case series literature that included 38 individual studies and up to 471
participants. The review by Hamani et al (2005) indicated the benefits of DBS in the
absence of effective SMT.

In addition, DBS enabled the use of decreased LEDDs. This reduction in LEDD may
also significantly reduce some of the side effects of high-dose levodopa treatment over a
long time. The results reported in the double-blind crossover and case-control studies
also supported the suggestion that beneficial effects for participants in the case series
were attributable to DBS.

Data on the safety and effectiveness of DBS from Australian case series (Appendix E)
are consistent with those reported in the current review of one double-blind crossover
study and three case-control studies and the published systematic review covering the

large body of evidence from international case series.

What are the economic considerations?

General framework

The original MSAC assessment report of DBS for the symptoms of PD (MSAC 2001)
found that the available evidence was insufficient to allow a definite estimate of the cost-
effectiveness of DBS compared to either ablative surgery or SMT as the comparator in
the treatment of severe PD. Therefore, an exploratory cost analysis was done using cost
data from an HTA report undertaken in the UK for pallidotomy, thalamotomy and DBS
for severe PD.

Using the assumption that four follow-up visits per year would be required for stimulator
adjustment, it was estimated that the costs for DBS would increase to between $60,917
and $75,808 and that the incremental cost of DBS compared to ablative surgery would
be between $25,330 and $51,385. The Applicant provided an estimated cost for the
procedure of $26,245, but this was considered to be an underestimation by the evaluator
because it covered procedural costs but not follow-up costs, such as programming,.
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A review of the literature for MSAC (2001) found only one paper with useable outcomes
data from an RCT, which looked at changes in functional status as measured by the
Frenchay Activities Index (Schuurman et al 2000). This paper found a difference of 4.7
(95% CI: 1.2, 8.0) mean change in scores for DBS patients over thalamotomy patients
(measured at 6 months). Using the cost data provided in the MSAC (2001) report, the
extra cost of a 4.7-point change in the Frenchay scale would be $23,559 (which, as noted,
is likely to be an underestimate).

Using the Australian cost data converted from UK pounds, a 4.7-point improvement on
the Frenchay scale would incur an extra cost of between $17,830 and $51,385. To
calculate this incremental cost, assumptions were made that the costs and the
improvements in some aspects of simple daily tasks from DBS would continue for a five-
year period, at the same level over ablative surgery. However the report concludes that
the value patients would put on this gain in terms of preferences is not clear. Therefore it
is not possible to establish whether or not DBS offers substantial improvements in QoL
over the long-term.

Costing studies

A search of the literature found two modelled cost-effectiveness analyses (CEA) of DBS
in the treatment of PD (Table 22).
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Table 22 Modelled cost-effectiveness analyses of DBS in the treatment of PD
Author Tomaszewski KJ, Holloway RG Tomaszewski KJ, Holloway RG
Article Title Deep brain stimulation in the treatment of Parkinson’s | Deep brain stimulation in the treatment of

disease: A cost-effectiveness analysis

Parkinson’s disease: A cost-utility
analysis

Journal Name

Neurology

22nd annual meeting of the society for
medical decision making

Journal Date

2001, 57:663-671

September 24-27, 2000 Hyatt Regency
Cincinnati, Cincinnati, Ohio

Publication status

Published in a peer reviewed journal

No

Countries of authors

USA

USA

Type of article Applied study Applied study
Type of economic evaluation | Cost-utility Cost-utility
Technology assessed Bilateral DBS of the STN or GPI DBS

Source of probability of main
clinical events

Case series, estimates

Case series, estimates

Quantities of resources used

Pulse generator replacement every 3 years

Not specified

Prices or costs of resources

Professional opinion, Medicare reimbursement rates,
hospital billing department (US$) for similar
procedures

Medicare reimbursement rates used if
possible (US$)

Outcomes

UPDRS and QoL

QoL

Outcome measure

QoL (estimated)

QoL (estimated)

Costs included

Additional DBS specific

Initial surgery:

e  Follow-up calibration

e 3-(2-to 5-) yearly pulse generator replacement
e 10 additional physician visits over first 3 months
e 4 additional visits from 3 to 6 months

e  Temporary DBS complication

e Permanent DBS complication

o No additional DBS-specific visits required past 1
year

Both arms of model:

e Annual drug costs ($4,447.90)

e Annual physician visits, 4/year

e Annual home care

e Annual age-specific nursing home care

DBS procedural costs of $38,000 and 3-
yearly battery replacement costs of
$4,000

Costs discounted

39% (0-7%)

Not specified

Sensitivity tested Yes (one-way sensitivity analysis) Yes (one-way, variable and values not
specified)

Study question From a societal perspective, what are the life-time Not specified
costs and benefits of DBS compared to best medical
management in late stage PD

Key results Under base case assumptions, DBS when compared Under base case assumptions, DBS has
to best medical management has an ICER of an ICER of US$20,900/QALY
US$49,000/QALY

Patient Group PD patients aged 50 years or older who are in the later | PD patients aged 50 years or older who
stages of the disease (Hoehn and Yahr stage between | are in the later stages of the disease
3 and 5) with intractable motor fluctuations (Three ADL
impairments)

Sponsor NSRA/AHRQ pre-doctoral training grant. No Not specified

commercial support

Abbreviation: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years
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Assumptions in the model:

o Patients enter the model at age 55 with three ADL level impairments and receive
either DBS or SMT.
o Percentage changes in the UPDRS are assumed to correlate to similar percentage

changes in QoL. All patients were assumed to enter the model with a base-case
utility level of 0.55 (end-stage PD). The base-case DBS effect on QoL for
successful surgery was assumed to be 30 per cent (utility=0.72) for four years
(range 2—0 years), after which this improvement was assumed to decline linearly
for a further five years at which point parity between patients in the DBS arm
and SMT arms was assumed.

The 30 per cent improvement was estimated from the published case series that
reported a relative improvement in the OFF state of 25 to 50 per cent, and an
average ON state improvement of approximately 15 per cent. Patients with
permanent complications from DBS surgery (5.4%) were modelled to have a

20 per cent decrease in QoL (utility=0.44), while those with temporary
complications from DBS surgery (28.2%) had a 12.7 per cent increase in QoL
(utility=0.62) for 1.5 years, after which they were assumed to have equal QoL to
patients with successful DBS intervention. The model assumes that 0.7 per cent
of patients died as a result of DBS surgery.

o All patients enter the model at age 55 with three ADL impairments. Patients who
receive DBS (with no or temporary complications) improve to one ADL. The
model has calculated age-specific (with a neurological disease) and ADL-specific
(zero, three and five impairments) probabilities for nursing home entry based on
a study that used a multivariate proportional hazard model to identify the nursing
home entry risk (Liu et al 1994). Therefore the probability of entering a nursing
home is a function of age and DBS outcome. Permanent complications from
DBS result in five ADL impairments. As with the QoL assumptions, the annual
rate of nursing home entry for patients with successful DBS intervention (and
those patients with temporary complications) was held constant (at one ADL
level) over four years. The risk of entering a nursing home gradually increased
during the following five years until, after nine years, the risk of entering a
nursing home was the same age equivalent rate for patients in the SMT arm of
the model. It was assumed that patients admitted to a nursing home would
remain there. The model does not allow for short-term nursing home stays,
including those for rehabilitation after falls. This assumption is likely to
overestimate nursing home costs in the SMT arm because Liu et al (1994)
reported that one-fifth of nursing home admissions are for stays of up to only 90
days.

. Patients receiving DBS that was successful or had only temporary complications
required 43 per cent less pharmacotherapy. This reduction was applied at a
constant and diminishing rate based on the same assumptions about time horizon
of DBS-effectiveness as assumed for QoL and nursing home entry.

The key driver of this model was the assumption that the benefits of DBS over SMT
result in at least a 30 per cent improvement in QoL and that this additional benefit
lasts for nine years, though declining, for patients in the DBS arm over similar aged
patients who receive SMT. For the first four years, these benefits are a fixed
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