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SYNOPSIS

The improvement in motor outcomes after bilateral subthalamic nucleus deep brain
stimulation (STN DBS) has been well established in patients with Parkinson’s disease.
However, the cognitive and behavioural changes in these patients have not been accredited
with certainty to DBS or its procedure and it remains controversial. We conducted a
comparative observational study to assess the effects of bilateral STN DBS on cognition at
minimum two years of neurostimulation when compared to a group of patients with PD on

medical management alone.

34 patients who underwent DBS were compared to a matched group of 34 medically
treated PD patients for neuropsychological scores. The two groups were matched for age,
severity of disease, LEDD at baseline and duration of PD. At a mean follow up of around 33
months, compared to medically managed patients, we found a significant decline in verbal
fluency scores in the DBS group and a trend for decline was noted in digit span test, both
measures of frontal executive function. Though many of the other cognitive scores declined
over time in each group, there was no difference between the surgical and medically managed

groups, indicating that these are attributable to the natural progression of PD.

Our study demonstrated impairment in the selective cognitive task of verbal fluency
and a trend towards impairment in attention, with no other major significant
neuropsychological outcomes attributable to STN DBS. We postulate that these effects on
fluency and attention are attributable to STN stimulation and modulation of the fronto-striatal
circuits. DBS of STN can be considered safe from the cognitive viewpoint in patients with
idiopathic Parkinson’s disease experiencing motor complications of medical treatment,
however, patients should be given adequate information regarding the possible cognitive

effects to optimise their quality of life.
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INTRODUCTION

Parkinson’s disease (PD) is a common, potentially disabling progressive neurodegenerative
disease (1). It is estimated that more than 10 million people in the world suffer from this
disorder and disease prevalence is only expected to rise, as the aging population increases (2).
The symptoms of Parkinson’s disease encompasses the classic Parkinsonian triad of tremor,
bradykinesia, and rigidity associated with dopaminergic denervation, other motor signs
associated with nondopaminergic transmission (postural instability and impairment of gait,
speech, and posture), and non-motor symptoms (NMS) (3). The non-motor symptoms include

autonomic dysfunction, sleep disturbances, behavioural and cognitive changes.

Dopamine replacement therapy still remains the cornerstone for the management of motor
symptoms of Parkinson’s disease, which dominate the clinical picture in the early and mid-
clinical stages of PD in most patients. Dopamine replacement therapy is a purely symptomatic
measure and does not modify the progression of the disease. With disease progression, motor
complications (motor fluctuations and dyskinesias) arise and compromise the quality of life of

patients with PD on medical management.

Deep brain stimulation (DBS) surgery has become a standard of care for selected patients with
PD in its moderately advanced disease stages, when they experience motor complications (4—
6). Apart from those experiencing motor complications, DBS is also used for patients with PD
who have medication refractory and disabling tremor. The established and most widely used
targets for DBS in PD are the subthalamic nucleus (STN) or the globus pallidus interna (GP1),
though others like the pedunculopontine nucleus and zona incerta have also been tried for

specific indications (7,8). Among the two, STN is the preferred target by most centres.




Although the short- and long-term benefits of DBS on motor symptoms are widely recognized,
there is debate over the possible cognitive and behavioral effects of this treatment, particularly
when STN is targeted (6,8,9). The literature contains few long-term studies and some short-
term controlled studies (10-13), on cognitive functions after STN DBS in PD.
Neuropsychological investigations conducted from 3 to 6 months after STN DBS showed a
worsening of verbal fluency, whereas less consistent effects on other cognitive tasks have been

reported in different studies (14).

Ardouin et al., described a deterioration of literal and total lexical fluency 3 to 6 months after
chronic STN DBS (15). De Gaspari et al., showed that in the post-surgical period there was a
worsening of both letter and category fluency tasks (14). The total number of words and
switches decreased, whereas average cluster size was unchanged. Funkiewiez et al., after 3 to
4 years of follow up, reported worsening of both category and total lexical fluency but no
evidence of global cognitive dysfunctions (16), whereas other authors reported cognitive and
behavioral dysfunction in 24 to 30% of patients (17). At 5 years, neuropsychological evaluation
showed significantly worse performances on frontal executive function tasks, probably in

parallel with the progression of the disease (18,19).

As PD is a progressive neurodegenerative disease whose course is unaffected by any of the
therapies including DBS and the vast majority of patients develop cognitive dysfunction in the
long run resulting from spread of neurodegeneration diffusely in the brain, it is often difficult
to differentiate the cognitive effects attributable to DBS. The studies conducted in the early
post-operative period are also confounded by the lesioning effects of the DBS procedure on
the target nuclei and the white matter tracts. Though it is generally agreed upon that STN DBS
has definite cognitive effects, there is no consensus on its burden and clinical impact and

studies have given divergent results (8,20,21).




We, therefore attempted to explore the cognitive effects of STN stimulation using a prospective
comparative observational design, comparing the baseline and follow-up cognitive functions

of patients undergoing STN DBS with those of a matched medically managed group.




REVIEW OF LITERATURE

More than 200 years ago in 1917, James Parkinson in his landmark paper, “An essay on the
shaking palsy” described the features of what is now known as Parkinson’s disease. Although,
fragments of Parkinsonism can be found in earlier descriptions, it was he who succinctly
described the motor symptoms of the disease as a constellation of rest tremor, lessened
muscular power, abnormal truncal posture, festinant, propulsive gait with intact senses and
intellect (22). He noted the progressive nature of the disease, the disability it incurred and called
it paralysis agitans. Charcot later extended the spectrum, adding bradykinesia and rigidity to

the constellation of symptoms, and renamed the condition Parkinson’s disease.

Vast advances in the coming years and more so in the previous decades, added substantial
information to our knowledge of Parkinson’s disease. The non-motor symptoms (NMS), which
are often under recognised, account for a large part of the disability of these patients. In 2006,

Chaudhari et al., described them to include (23) :

1. Neuropsychiatric non motor symptoms - depression, apathy, impulse control disorders,

anxiety, psychosis, hallucinations, mood disorders, apathy, and abulia

2. Cognitive non motor symptoms - executive dysfunction, memory loss, and dementia

3. Dysautonomia - orthostatic hypotension, constipation, urinary incontinence, sexual
dysfunction, altered cardiac reflexes, olfactory dysfunction, gastrointestinal dysfunction, and

sweating

4. Sleep disorders - insomnia, somnolence, excessive daytime sleepiness, restless legs
syndrome, sleep attacks, periodic limb movements of sleep, and rapid eye movement (REM)

sleep behaviour disorder




5. Sensory abnormalities - pain, numbness, fatigue, and olfactory impairment

Two distinct types can be recognised by their different clinical features and neuropathological
findings. ‘Tremor-dominant’ PD has a slower progression of symptoms and patients can be
disabled by tremor, yet still remain mobile with medications. ‘Akinetic-rigid’ patients PD
patients have a faster progression, more cognitive impairments and develop motor
complications with or without tremor (24). A mixed entity is also recognised. Overall, the
course was most favorable in tremor-predominant, followed by mixed and akinetic-rigid

subgroups (24).

Pathophysiology

The classic Parkinsonian triad of tremor, bradykinesia, and rigidity is associated with
dopaminergic denervation and other motor signs (postural instability and impairment of gait,
speech, and posture) and non-motor symptoms (NMS) are associated with non-dopaminergic
dysfunction resulting from neurodegeneration, though some of the NMS like depression,

apathy and impulse control disorders have a dopaminergic basis.

The basal ganglia (BG) is a group of nuclei in the brain, comprising the substantia nigra pars
compacta (SNc), striatum (Str), subthalamic nucleus (STN), globus pallidus externa (GPe),
globus pallidus interna (GPi) and substantia pars reticulata (SNr). Str and STN serve as the
input nuclei of the BG receiving dense excitatory projections from the cortex (the cortico-
subthalamic excitatory projection is denoted as the hyperdirect pathway to distinguish it from
the direct and indirect pathways in the conventional basal ganglia model) , whereas, GPi and
SNr are the output nuclei sending inhibitory projections to the thalamus (25). The major input
to the basal ganglia is derived from the cortex; virtually the whole of the cortical mantle

projects onto the basal ganglia in a highly topographical manner (25). The striatum is the main




portal of entry of the cortical information to the basal ganglia although there are significant
cortical projections to the STN. This information is then transmitted to the output nuclei of the
basal ganglia, the GPi and the SNr. These send GABAergic inhibitory projections to the

thalamus and further glutamatergic innervation to the cortex, resulting in a cortico-basal

ganglia-thalamo-cortical loop.
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Figure 1: Classic model of the organization of the basal ganglia in the normal (4), Parkinson’s disease
(PD) (B), and levodopa-induced dyskinesia (C) state. Inhibitory connections are shown as blue
arrows and excitatory connections as red arrows. (Derived from JA Obeso et al.,: Trends Neurosci 23:S8,

2000.)

The transmission of cortical information through the basal ganglia occurs through 2 routes, the
‘direct’ and ‘indirect’ pathways (26). In the direct pathway, corticostriatal information is
transmitted directly from the striatum to the output nuclei. In the indirect pathway,
corticostriatal information is transmitted indirectly to the output nuclei via the complex

network interconnecting the GPe and STN. Motor programs from the cortex are differentially




modulated at the striatum by dopaminergic neurons projecting from the SNc. Striatal neurons
of the direct and indirect pathway are modulated by D1 and D2 dopamine receptors,
respectively. Activation of the direct pathway results in inhibition of GPi and subsequent
disinhibition of the thalamus. The indirect pathway has an opposite effect and its activation
results in excitation of GPi and subsequent inhibition of the thalamo-cortical output. (Figure
1). The activity in the direct pathway is facilitated by the nigrostriatal dopaminergic system via
D1 receptors, while the effect on the indirect pathway is inhibitory, through the D2 receptors.
The activity in the two pathways ensure that the appropriate motor programs are selected and

facilitated while the unwanted and antagonistic programs are inhibited.

The motor symptoms of Parkinson’s disease (PD) are due to the degeneration of dopaminergic
neurons in the SNc. According to the classical rate model of PD (26), dopamine depletion
results in an imbalance between the direct and indirect striatal pathways. PD dopamine
depletion is accompanied by a decreased activation of the direct pathway and an increased
activation of the indirect pathway. The increased activation of the indirect pathway leads to a
decrease in GPe firing rate and subsequently, an increase in the STN and GPi firing rates. The
firing rate of GPi is further amplified by the decreased activation of the direct pathway.
Therefore, a hyperactive GPi during PD provides an increased level of inhibition to the

thalamus, which results in bradykinesia/akinesia. This is also known as the firing rate model.

Two other models have been described in the pathophysiology of PD. The firing pattern model
and the dynamic activity model. Abnormal firing patterns, such as bursts and oscillations, were
recorded in the GPe, GPi and STN of parkinsonian patients. Oscillatory local field potentials
(LFPs), especially those in the beta frequency band, were also observed in parkinsonian
patients using DBS electrodes. Local field potentials (LFPs), at least those at frequencies

mainly represent the temporal—spatial summation of post synaptic potentials from the local




neuronal population surrounding an electrode. Beta oscillations therefore are the product of
synchronisation across neurons. Dopamine depletion promotes oscillatory activity in the basal
ganglia by enhancing connections between the GPe and STN. Oscillatory and/or synchronized
firings of the basal ganglia disable individual neurons to process and relay motor-related
information, resulting in the failure of appropriate movements. This is the firing pattern model

7).

In the normal state, signals through direct and indirect pathways cause dynamic activity
changes in the GPi and release only a selected motor program at a selected time with a clear
distinction between the selected and other unselected competing motor program (28). In
Parkinson’s disease, dopamine depletion reduces movement-related GPi inhibition through the
direct pathway and facilitates movement- related GPi excitation through the Ayperdirect and
indirect pathways. These changes shorten and narrow movement-related GP1i inhibition, which
leads to the reduction of disinhibition in the thalamus and cortex, resulting in bradykinesia/

akinesia. This is known as the dynamic activity model (28).

Deep Brain Stimulation and its mechanism of action

The initial years of medical treatment of PD can often produce excellent results. Dopamine
replacement therapy still remains the cornerstone for the management of motor symptoms of
Parkinson’s disease, which dominate the clinical picture in the early and mid- clinical stages
of PD in most patients. Dopamine replacement therapy is a purely symptomatic measure and
does not modify the progression of the disease. With disease progression, motor complications
(motor fluctuations and dyskinesias) arise and compromise the quality of life of patients with

PD on medical management.




Dyskinesia results from a complex interaction of progressive neurodegeneration along with
artificial and ‘pulsatile’ dopaminergic stimulation resulting from dopaminergic therapy.
According to severity, dyskinesias are measured on a scale of 0-4 (29). Mild dyskinesia is a
near-constant, smooth movement perhaps best described as wiggling and may be intentionally
hidden by patients. In the moderate stage, there is a writhing movement and patients often walk
with their arms drawn behind them. Severe dyskinesia is choreo-ballistic and disabling.
Patients can throw themselves out of a chair, injure bystanders and find the constant movement
very tiring (30). The beneficial effect of a given dosage of PD medication tends to last for a
shorter period as the disease progresses. This is initially overcome by decreasing the dosage
interval. Patients will therefore oscillate in their symptoms from bradykinetic-rigid to moving
well to peak-dose dyskinesia, then back to moving well and eventually becoming bradykinetic-
rigid. This cycle is repeated with each dose. This pattern is called motor fluctuations which are
usually seen after more than five years of dopaminergic therapy (30). In a proportion of
patients, the medically refractory symptoms or these complications of treatment can be
ameliorated by neurostimulation. Many randomized controlled trials with short and medium
term (up to 3-5 years) follow up and several medium and long term (more than a decade)
protocol based observational follow up studies have supported the use of deep brain

stimulation (DBS) in patients with PD (3-5).

Deep brain stimulation (DBS), a procedure that applies high-frequency electrical stimulation
through chronically implanted electrodes into a specific target in the subcortical structures
started gaining popularity and acceptance in the 1990s. The ventral intermediate (VIM) nucleus
of the thalamus was the first electrically stimulated region for the treatment of PD (31), but it
is now targeted in uncommon and much selected circumstances, as tremor is seemingly the
sole clinical feature improving significantly with the procedure (32). One of the two different

brain regions is currently targeted for DBS in PD: the subthalamic nucleus (STN) or the globus




pallidus interna (GP1) (8). Among the two, STN is the preferred target by most centres. The
choice of brain target for DBS should be carried out according to each patient’s characteristics,
features of PD and the expertise and experience of the centre. Even though DBS has proven
benefits in carefully selected patients, its mechanism of action has remained elusive and various

hypotheses have been elucidated.

1. Inhibition hypothesis : DBS is believed to reduce activity of local neuronal elements and
reduce abnormally increased firings or abnormal firing patterns in the STN and GPi and
ameliorate parkinsonian motor symptoms (28). The “inhibition hypothesis” goes well with the
“firing rate model” and “firing pattern model” of movement disorders. The likely mechanisms
which can account for the inhibitory responses during DBS include depolarization block,
inactivation of voltage-gated currents (33), and activation of inhibitory afferents (34-36).
Chiken et al., confirmed that inhibitory responses induced by GPi- DBS were mediated by
GABA receptors (34). The GPi receives inhibitory GABAergic inputs from the striatum and
GPe as well as excitatory glutamatergic inputs from the STN. STN DBS generates both
excitatory and inhibitory postsynaptic potentials in STN neurons through activation of both
glutamatergic and GABAergic afferents (37). Thus, DBS activates these afferent axons in the
stimulated nucleus, and the sum effects of this stimulation vary depending on the constitution

of the inhibitory and excitatory axon terminals.

2. Excitation hypothesis : A study suggested that subthreshold DBS suppresses intrinsic firings
in the neuronal cell bodies, while suprathreshold DBS generates spikes at the stimulus
frequency in the axons without corresponding firings in the cell bodies (38). Low intensity
STN DBS induced GABAergic inhibition in the SNr through antidromic activation of GPe
neurons projecting to both the STN and SNr, while STN DBS with higher intensity induced

glutamatergic excitation in the SNr through the STN-SNr projections (39). The “excitation
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hypothesis” fits well with the “firing pattern model”, but not with the “firing rate model”.
Excitation and/or excitation-inhibition reach the target nucleus along efferent pathways, or
along afferent pathways via antidromic activation (39). These activities may change the firing
rates and patterns, and normalize or suppress abnormal firings of target nucleus. However, the

exact mechanism remains unclear.

3. Disruption hypothesis: In 2016, Chiken et al., showed that DBS activates axon terminals in
the stimulated nucleus, induces extensive release of neurotransmitters like GABA and
glutamate, and dissociates inputs and outputs within the stimulated nucleus (28). Thus, they
proposed an alternate hypothesis that DBS leads to disruption of the abnormal information flow
(thereby creating a functional “information lesion”) through the cortico-basal ganglia loop in
the pathological conditions. Triphasic response composed of early excitation, inhibition and
late excitation within the GPi is elicited by cortical stimulation, which are mediated by the
hyperdirect, direct, and indirect pathways, respectively. Maurice et al., examined the
consequences of STN DBS on cortically evoked responses in SNr neurons of normal rats.
Cortically evoked early and late excitation was abolished or largely reduced during STN DBS,
whereas cortically evoked inhibition was preserved, suggesting that information flow through
the hyperdirect and indirect pathways was blocked by STN DBS without interrupting the direct
pathway (40). The “disruption hypothesis™ fits well with all the three proposed models or

pathophysiology of PD.

The success of DBS largely depends on the careful and meticulous selection of candidates for
surgery. It is largely known that only those motor symptoms that respond to levodopa (when
the patient is in the best optimized on state) will respond to DBS (41). Exceptions to this are
troublesome medical refractory tremor, dyskinesias and on-off fluctuations which also respond

to DBS. Non-motor symptoms generally do not respond / respond only to a lesser degree.
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Patients with florid non-motor dysfunction, particularly dementia and active psychiatric
dysfunction including poorly controlled depression and severe psychosis and any red flag signs

for idiopathic PD, are essentially excluded.

DBS is an effective and better alternative to lesion surgery, owing to its reversibility and
adjustability. The ability to program and titrate DBS remains one among its biggest assets and
hence has largely replaced conventional stereotactic surgeries like thalamotomy or
pallidotomy. Although the short- and long-term benefits of DBS on motor symptoms are widely

known, there is debate over the possible cognitive and behavioral effects of this treatment.

DBS in PD and cognition

Cognitive changes following DBS for PD has been researched and reviewed across multiple
studies over the last decade, however the results have been heterogenous. In studies that have
compared outcomes in both patients that had undergone STN DBS and patients being treated
with drug therapy alone, DBS patients either experienced declines in performance over time or
were significantly impaired when directly compared to controls (42). The cognitive domains
affected mainly included verbal fluency, executive function, general cognition, visuospatial

reasoning and memory, processing speed, and verbal memory (9-14,43—46).

The one cognitive adverse event which is most consistently reported following DBS is a
decrease in verbal fluency. Verbal fluency is a complex composite task, with various cognitive
subcomponents (e.g. conception and application of a retrieval strategy, shifting between
subcategories, vocabulary access, semantic processing) which may overall be classified as
either executive or semantic in nature (14). Neuropsychological and neuroimaging studies, in

healthy and clinical subjects, support the involvement of a fronto-temporal system including
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areas known to be the substrate of executive and semantic processes including (left or bilateral)

inferior frontal gyrus, anterior cingulate cortex and superior temporal regions.

Smeding and colleagues reported in a large controlled study of neuropsychological outcome
that patients who underwent DBS declined in selective attention, verbal fluency, color naming,
and verbal memory following surgery compared with a PD control group tested over the same
duration of time (47). The authors stated the outcomes could be linked to executive dysfunction

stemming from PD.

Neuropsychological investigations conducted from 3 to 6 months after STN DBS showed a
worsening of verbal fluency, whereas less consistent effects on other cognitive tasks have been
reported in different studies. De Gaspari et al., showed that in the post-surgical period there
was a worsening of both letter and category fluency tasks (14). The total number of words and
switches decreased, whereas average cluster size was unchanged. They attributed this to
possible lesioning effect along the surgical trajectory and maybe due to high frequency

stimulation itself.

Within the 6 month outcome, York et al., demonstrated that patients who underwent STN DBS
experienced declines in verbal delayed recall and verbal fluency when compared to PD controls
(11). 26% of DBS patients revealed a reliable decline in verbal fluency compared with only
4% of PD controls (p<0.01), and 37% of patients who underwent DBS showed a decline on
Stroop Color—Word test (SCWT) as opposed to 4% of PD controls after 6 months (p<0.003).

They attributed this to frontostriatal dysfunction rather than due to disease progression alone.

At two year follow up, Tramontana et al., noted that DBS patients had deficits in phonemic
fluency and on several subtests of the Wisconsin Card Sorting Test (WCST), compared to

controls. However, these differences were minor when the authors excluded patients who
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suffered from an adverse event in the DBS cohort (46). In another two-year follow-up analysis,
STN DBS patients exhibited impairments on tasks involving non-verbal recall, processing
speed, and verbal fluency (both phonemic and semantic). The authors used RCI to draw
inferences only based on the effects of DBS on cognition and to demarcate these effects from
PD progression. After computing RClIs, the percentages of patients in both the STN DBS (n =
19) and PD control group (n = 18) that deteriorated on processing speed, phonemic verbal
fluency, semantic verbal fluency, non-verbal recall and executive function were 53 vs. 28%,

26 vs. 11%, 29 vs. 29%, 47 vs. 25% and 43 vs. 18%, respectively (44).

In some of the studies, the DBS group performed better or remained stable in comparison to
the control group. In their three year long-term controlled study, Zangaglia et al., observed
trends for improvement on Verbal Span, Digit Span, Corsi’s Block Tapping Test, and Logical
Memory Test (measures of memory); whereas, controls had a considerable decrease in WCST
and MMSE at 3 years. The authors stated that it could have been due to a learning effect that

masked deterioration since alternate versions were not used (9).

In studies which did not study the effect of DBS against a control group, the findings of
cognitive impairments compared to baseline, were found to be similar as those studies which
were controlled. The outcomes of verbal fluency were variable. There was a trend for decline
in verbal fluency up to 5 years post DBS surgery (48,49). Some authors have described an
improvement of verbal fluency in the long-term compared to an initial significant reduction in
scores, although not to baseline levels; supporting the possibility of a micro-lesion effect in the

early post-operative period. (50,51).

In the study by Yamanaka et al., patients had a significant reduction in both semantic and
phonemic verbal fluency at one month, however at 12-month follow-up, they found that

phonemic completely recovered and semantic fluency had improved (51). Most studies showed
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impairment of verbal fluency at one year or more, suggesting disease progression rather than
lesion effects. Studies that followed patients post-operatively 5 years or more, found that
patients had a significant decrease at 5 years on total and Perseverative Errors on the WCST
(executive function), verbal fluency, Raven’s color matrices (reasoning), and delayed recall of

the RAVLT (memory) (52,53).

Kishore et al., (n = 47), reported no significant cognitive declines at 5 years, however, when
analysing individual scores, there were 10 patients who declined in verbal fluency compared
to one at baseline (48). This new-onset reduction in verbal fluency, majority of which were
mild and clinically insignificant, were detected at the first follow-up assessment itself and with
no further worsening. This was believed to be due to the micro-lesioning effect of electrode

passage (48).

In an 11-year long-term follow-up study by Rizzone et al., patients had a significant worsening
in contrast to baseline on short- term memory (Corsi’s Block Test Forward), episodic memory
(Immediate and Delayed Recall on the RAVLT), executive function (WCST) and attention
(Attentive Matrices) (54). More than 70% of the patients performed in the normal range in
most of the neuropsychological tests, despite the development of dementia in 22.7%. The
authors attributed these findings to be expected in advanced PD patients. A few studies have
reported improvement in cognition parameters of executive dysfunction and memory, however

the clinical relevance or significance of these findings could not be established.

In GPi-DBS, most studies did not identify a reduction in verbal fluency, suggesting the
possibility that the STN and related circuits may have a more substantial role in verbal fluency

processing (55).
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The debate between which of the two is better, STN DBS or GPI-DBS, for motor benefits and
long term cognitive and psychiatric outcomes of patients with PD has been a long one. Many
investigators have sought to resolve this. In a consecutive series of 62 patients, assessed after
3 to 6 months of chronic bilateral stimulation of the subthalamic nucleus (n = 49) or internal
globus pallidus (n=13), Ardouin et al., found that on stimulation, performance improved for
Trail Making Test A and B, but there was a deterioration in phonemic and total lexical fluency.
They concluded that stimulation of either the STN or GPi did not change the overall cognitive

performance in PD (15).

In the prospective, randomised, blinded COMPARE trial (21), Okun et al., sought to compare
the cognitive and mood effects of unilateral subthalamic nucleus (STN) versus unilateral
globus pallidus interna (GPi) deep brain stimulation (DBS) in 52 patients with PD. To evaluate
regional settings, the investigators stimulated under four different paradigms: ventral, dorsal,
optimal, and off . There were no significant differences in in the co-primary outcome measures
of mood and cognition between STN and GP1i in the optimal DBS state. However, adverse
mood effects were noted when stimulating ventrally to the optimal site in both targets.
Furthermore, a worsening for letter verbal fluency was noted in the 3 non-optimal post-DBS
states in the STN target only. They concluded that the persistence of deterioration in verbal
fluency even in the off DBS state at 7 months was suggestive of a surgical rather than a

stimulation-induced effect at the STN target.

In another prospective, randomised, controlled study, Rothlind et al., studied
neuropsychological performance in patients with PD at baseline and after 6 months comparing
best medical therapy (BMT, n=116) and bilateral DBS (n=164) at either the STN (n=84) or
GPi (n=80) (56). Two between group differences were observed at 6 months between GPi and

STN. The GPi group had a greater decline in performance on the HVLT; whereas the STN

16




group worsened to a greater extent in Stroop Word Reading. As these differences were
marginal, the two DBS groups were combined and contrasted with the BMT cohort. This
resulted in the DBS group demonstrating greater declines in multiple measures of processing
speed and working memory. After utilising RClIs, the two DBS groups showed considerable
difference in impairment on Digit Symbol Coding test, a measure of processing speed (11.1%
STN group; 1.3% GPi-DBS group). Thus, they concluded that in those with PD, the likelihood
of significant decline in neuropsychological functioning increases with DBS, but there were no

clinically relevant differences between those having undergone STN DBS versus GPi-DBS.

In studies that directly compared the two targets, STN had a greater frequency of cognitive
declines. The substantial difference in cognitive outcomes between STN- and GPi-DBS could
have been due to several factors. The STN and GPi are both basal ganglia nuclei with separate
anatomical sensorimotor, associative and limbic areas; but the STN is sufficiently smaller
compared to the GP1i, the sensorimotor region comprises about one-third of the STN, compared
to 53% of the GPi (i.e. unspecific current spread is easier to evoke in STN DBS, potentially
influencing cognitive circuits) and more studies have primarily focused on STN DBS compared
to GPi- DBS (42). All these could explain STN being associated with more frequent cognitive

declines across studies.

Few studies have also sought to investigate the influence of volume of tissue activation (VTA),
white matter lesions (WML), electrode trajectory, active contacts, brain perfusion, and
microelectrode (MER) tracks on neuropsychological outcomes. Mikos et al., investigated the
relationship of the volume and area of activated tissue within the STN with verbal fluency in
17 patients of PD (57). The stimulation patterns examined were no stimulation, ventral
stimulation, dorsal stimulation and optimal stimulation. No differences were noted in the verbal

fluency scores among the three electrode contacts, but other interactions were reported.
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Optimal stimulation correlated positively with VTA inside the STN and letter fluency change
scores, implying that more VTA within the STN was associated with better fluency scores
compared to off stimulation. There was a negative association with VT A and STN with ventral
stimulation, indicating that a larger volume of VTA inside the STN was associated with worse
letter fluency performance relative to off stimulation. These relationships were not observed
with category fluency, as in the opinion of the authors, category fluency relies more on the
temporal lobe. The study demonstrates that a reduction in verbal fluency may not only be due

to the surgical impact, but also influenced by stimulation.
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Figure 2: Potential sources of cognitive changes post-DBS (Adapted from Eisinger et al.,].

These heterogenous results reveal the complexity of PD post DBS. Such variations in outcomes
within and across studies may relate to age, disease duration, level of education, dopaminergic
medication, baseline assessment, neuropsychological instruments, electrode localization, DBS

tract and stimulation settings and time of follow-up (Figure 2).
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There are very few studies from India that have looked at long term effect of DBS on cognition
and none that have used a control group of patients on optimal medical therapy to compare the

cognitive effects attributable to DBS, to the best of our knowledge.
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HYPOTHESIS AND OBJECTIVES

Mechanical lesioning of the STN and the frontal sub cortical white matter tracts by the
electrode insertion procedure and modulation of the associative circuits passing through the
STN by chronic electrical stimulation result in cognitive deficits in patients who have

undergone bilateral STN DBS for PD.

OBJECTIVES:

1. To assess the cognitive functions in patients with Parkinson’s disease who have

undergone bilateral STN DBS and minimum 2 years of neurostimulation

2. To compare cognitive outcomes of patients who underwent DBS, pre and post-

surgery, at average 24-36 months of follow up

3. To compare the cognitive functions of patients who have undergone bilateral STN
DBS with those of patients who have been on medical treatment alone and matched

with the STN DBS group for age and duration of PD.
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MATERIALS AND METHODS

We conducted a prospective observational comparison study to assess cognitive effects of
chronic bilateral STN DBS in patients with Parkinson’s disease (PD) compared to a matched
group of PD patients who were medically treated. We studied 34 PD patients having undergone
bilateral STN DBS and 34 patients with PD who were on medical therapy alone. Consecutive
patients on follow up in the Movement Disorders Clinic, who satisfied the eligibility criteria
were included. Recruitment of patients was done by the PI under the guidance of movement
disorder specialists (Co- Principal Investigators 1, 2 and Co Investigator 3), from the movement

disorders clinic of the Institute.

Eligibility criteria:

a) DBS group:

Inclusion Criteria: (1) Consecutive patients with PD (In whom the diagnosis has been made by
a movement disorder specialist using the standard diagnostic criteria- United Kingdom
Parkinson’s Disease Society Brain Bank Criteria) who have undergone bilateral STN DBS
implantation at least 2 years ago and continuing with stimulation and on regular clinical follow
up as per protocol. The patients were recruited from the Movement Disorder clinic of

SCTIMST. (2) Age more than 40 years.

Exclusion Criteria: (1) Those with severe physical disability from PD or any co-morbidity,
making them unable to complete the neuropsychology assessment. (2) Those with advanced
and non-testable dementia as judged by the Co-Principal Investigators (3) Those with less than
10 years of formal education (4) Active psychosis or depression (5) Inability to give informed

consent (6) Those who have undergone lesioning surgeries before DBS, or DBS of other
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targets. (6) Coexisting neurological conditions (like documented strokes in strategic locations
or significant microvascular changes in imaging) which are likely to affect cognitive functions,

independent of PD.

Pre-operative evaluation: All patients underwent the standard protocol-based pre-operative
evaluation including detailed clinical history and examination, psychiatric evaluation,
assessment of motor and non-motor functions in drug-on and drug-off states using standard
rating scales including the Unified Parkinson’s Disease Rating Scale , and a comprehensive
neuropsychological evaluation recommended for assessing cognitive functions in PD (Details

are provided below) (58).

Surgical procedure: All patients underwent bilateral stereotactic implantation of quadripolar
DBS electrode placement in one session (Medtronic, MN, USA). STN was located by MRI
(1.5 T MR Scanner, Signa, General Electric, MW, USA), 5-channel microelectrode
recordings (Lead point 4, Medtronic, MN) with Star Drive microelectrode array and macro
stimulation in selected tracks. Postoperative MRI was done in all to look for surgical
complications. Following surgery, stimulation parameters were adjusted by the treating
neurologists on an individual basis so that maximum clinical benefit on motor symptoms was

achieved.

b) Non DBS (Medically treated) group:

Inclusion criteria: Biologically unrelated controls with PD, matched for age, severity of motor
deficits and duration of disease were recruited from the PD cohort on Medical follow up in the

Movement Disorder Clinic (These patients have not undergone surgery either because of high
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surgical risks due to co morbidities, unwillingness in spite of counselling or non-feasibility of

surgery for socioeconomic reasons).

Exclusion criteria: Same as that for DBS group.

Data Collection:

Eligibility for participation was assessed during the standard clinical interview and
examination done routine clinic visits and eligible subjects were requested to participate.
Subjects who gave informed, written consent were recruited on the same day and all the
assessments were completed on the same day. The severity of Parkinsonism was documented
using the Unified Parkinson’s Disease Rating Scale (UPDRS) (59) and staging of severity was
done using the Hoehn and Yahr Stage. The participants of non DBS group were also clinically
evaluated to rule out any coexistent psychiatric disorder / other relevant ailments. The
neuropsychological evaluation was conducted in the medication ‘ON’ phase (ON stimulation
and ON medication for those with DBS) for all subjects. A battery of neuropsychological tests
(recommended for neuropsychological evaluation of PD as per the Movement Disorder Society
Guidelines) (58), were administered to the patient to assess global cognitive function (MMSE
(60), MoCA-M (61,62) , ACE (63—65)) as well as the following five domains: attention and
working memory (Trail Making Test A and B (66), digit span test (67—69)); executive function
(verbal fluency (63) and Wisconsin Card Sorting Test (70,71)); memory (logical memory and
visual recall — subtests of Wechsler Memory Scale (72)); language (subscale of ACE and
Frenchay’s Aphasia screening test (73)) and visuospatial functions (position discrimination and

cube analysis- VOSP battery (74)).
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The patients in non DBS group were matched for age, severity and duration of disease with
the DBS group; such participants were selected from the PD patients’ pool attending the
Movement Disorder Clinic at SCTIMST. The same set of neuropsychological tests were
administered to this group as well. This battery of tests was composed of the minimum
number of tests required for cognitive assessment and diagnosis of cognitive impairment in
patients with Parkinson’s disease as per the recommendations of the International Parkinson’s
Disease and Movement Disorder Society guidelines (58). The administration of these
neuropsychological tests were done by the Co-Investigator 2, who is a qualified

Neuropsychologist and required 1-1.5 hours on average for the assessment.

The battery of tests was repeated 24-36 months after the surgical procedure in the DBS

cohort. The tests were repeated in the medically managed group, at a similar interval too.

Data Analysis:

Statistical analyses of all data sets was performed by using the Medical Statistics Software
SPSS, Windows, Version 21.0 (IBM, Armonk, New York) with the help of a medical
statistics expert. Parametric and non-parametric data within each group was compared using
paired Student’s t test and Wilcoxon signed rank test, respectively. Comparison between
continuous variables between the two groups was done by unpaired Student’s t test. The
comparison between the different neuropsychological variables for DBS and non DBS group

was done using Mann Whitney U test. A level of significance of p value <0.05 was chosen.

The study protocol was reviewed and approved by the Department of Neurology, SCTIMST,
the Technical Advisory Committee (TAC) for Clinical Studies, SCTIMST and the

Institutional Ethics Committee (IEC).
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RESULTS

We studied a total of 34 patients with Parkinson’s disease who had undergone DBS surgery
and had at least 2 years of neurostimulation (DBS group), and 34 patients who were on

medical management alone (non DBS group) as part of this study. All the DBS patients had
their baseline clinical and neuropsychological data collected as part of the standard surgical

protocol being followed for patients undergoing DBS in the Institute.

The control patients were chosen from another ongoing ICMR-funded research project
longitudinally evaluating the cognitive functions in PD and all had the same battery of
neuropsychological tests applied at baseline. The clinical and neuropsychological
assessments for follow-up data collection were conducted between October 2018 and April

2020. Informed consent was obtained from all the patients.

Demographics

The DBS group comprised of 25 males and 9 females, with a mean age of 55.53 (£7.36)
years. The non DBS group comprised of 24 males and 10 females and had a mean age of
58.21 (£6.06) years. The mean age and sex ratios between the two groups were not found to

be statistically significant.
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Figure 3: Age distribution of the two study groups

Gender distribution among DBS group

= Male Female

Figure 4: Gender distribution among DBS group (n = 34)




Gender distribution of non DBS group

= Male Female

Figure 5: Gender distribution among the non DBS group (n=34)

The various demographic and clinical data are summarised in Table 1

Parameter DBS Non DBS p value
Age, Mean (SD) 55.53 (£7.36) 58.21 (£6.06) 0.106 **
Female Sex, n (%) 9 (26.5%) 10 (29.4%) 0.787 *
Age of onset, Mean (SD) | 44.24 (£7.44) 46.03 (+£6.41) 0.291 **
Duration of Disease in | 11.24 (+£2.39) 11.94 (£1.98) 0.189 **
years, Mean (SD)
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Years of education, Mean

(SD)

13.47 (£2.22)

12.35 (£2.27)

0.044 **

Follow up duration in

months , Mean (SD)

33.26 (+3.72)

32.65 (+4.48)

0.538 **

UPDRS III at baseline
(Medication-ofY)

Mean (SD)

47.76 (+5.28)

45.09 (+£5.48)

0.063 **

UPDRS III at follow up
(Medication-Off)

Mean (SD)

16.47 (£4.36)

49.09 (+5.19)

<0.0001 **

UPDRS 1II at baseline
(Medication-Off)

Mean (SD)

26.53 (+3.03)

25.47 (+2.80)

0.139 **

UPDRS 1I at follow up
(Medication-Off)

Mean (SD)

11.21 (#3.13)

26.94 (+3.18)

<0.0001 **

LEDD at baseline

Mean (SD)

758.97 (£156.17)

713.82 (£160.17)

0.244 **

LEDD at follow up

Mean (SD)

482.06 (£110.34)

771.47 (£185.05)

<0.0001 **

* Analysed using Pearson Chi-Square

** Analysed using Unpaired Student’s t test

Table 1: Demographic data of the two study groups
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We sought to match the two groups for age at baseline assessment and duration of illness to
remove any confounding bias of these factors on the neuropsychological tests. Age and
gender distribution between the two groups were comparable, with no statistically significant
difference between them. The mean age at onset and duration of illness were also similar
between the two groups. The mean levodopa equivalent daily dosage (LEDD) at baseline did

not differ between the two groups (p=0.244).

The mean educational years was marginally higher (p=0.04) among patients of the DBS group
(13.47 £2.22 years) when compared to those in the non DBS group (12.35 £ 2.27 years). When

absolute values are considered, this may have little clinical significance.

The mean UPDRS II and UPDRS III scores in drug-off state at baseline were similar between
the groups (p=0.139; p=0.06). Thus, the patients in the two groups had comparable severity of
disease at baseline. At mean follow up of around 32.96 + 4.097 months, UPDRS II and III
scores were significantly lower in the DBS group (11.21 (£3.13); 16.47 + 4.36) in drug-off

state when compared to the non DBS group (26.94 (£3.18); 49.09 £ 5.19) (Figure 6).

The improvement in motor outcome is well established with DBS as it is the very reason why
DBS is undertaken in patients with severe motor symptoms, dyskinesias and/or motor
fluctuations. As patients’ motor activities of daily living, measured by UPDRS II are greatly
dependent on their overall motor outcomes, this too is expected post DBS. In line with the

improvement in motor scores, the LEDD significantly reduced in the DBS group (p <0.0001).
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Figure 6: Mean UPDRS III scores (drug-off) at baseline and follow up between the two groups

Neuropsychological variables at baseline between the two groups

Parameter DBS Non DBS p value
ACE, Mean (SD) 87.59 (£3.55) 86.56 (+4.07) 0.403 *
BDI, Mean (SD) 8.44 (£2.72) 7.59 (£3.18) 0.173 *
MMSE, Mean (SD) 27.71 (£1.17) 27.68 (+1.20) 0.924 *
MOCA, Mean (SD) 26.12 (£2.27) 25.53 (£1.94) 0.328 *
Trail A, Mean (SD) 75.53 (£20.69) 79.29 (£21.64) 0.466 **
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Digit Span, Mean (SD)

11.71 (+2.08)

12.38 (+2.12)

0.231 *

Verbal fluency, Mean (SD) 11.65 (£1.25) 12.06 (£1.13) 0.198 *
WCST errors, Mean (SD) 3.53 (£2.47) 3.21 (£2.75) 0.454 *
Language, Mean (SD) 27.29 (£0.91) 27.50 (£0.62) 0.447 *
Aphasia, Mean (SD) 28.32 (£1.30) 28.65 (£0.98) 0.359*
Visual memory, Mean (SD) 17.59 (£9.57) 18.41 (+£6.58) 0.632 *
Logical memory, Mean (SD) | 15.09 (+4.76) 13.68 (+4.48) 0.147 *
Position discrimination, Mean | 19.15 (+0.89) 18.91 (£0.75) 0.151 *
(SD)

Cube Analysis, Mean (SD) 8.21 (£1.55) 8.53 (£1.60) 0.287 *

*Analysed using Mann Whitney U test

**Analysed using unpaired student’s t test

Table 2: Comparison of neuropsychological variables between the two groups at baseline

At baseline, the measures of cognitive function were comparable between those patients who

had undergone DBS and those who were on medical management alone, with no statistically

significant differences between them (Table 2).
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Neuropsychological scores at baseline and follow up within each group

The neuropsychological variables were compared at baseline (To) and at mean follow up of

32.96 £ 4.097 (T1) months in each group separately.

1. DBS group

Parameter Baseline (T,) Follow up (T1) | p value
ACE, Mean (SD) 87.59 (£3.55) 86.12 (+4.38) 0.005 *
BDI, Mean (SD) 8.44 (£2.72) 8.68 (+4.206) 0.959 *
MMSE, Mean (SD) 27.71 (£1.17) 27.32 (+1.93) 0.133 *
MOCA, Mean (SD) 26.12 (£2.27) 25.35 (£2.88) 0.003 *
Trail A test, Mean (SD) 75.53 (£20.69) 80.03 (£27.21) 0.035 **
Digit Span, Mean (SD) 11.71 (£2.08) 10.44 (£2.74) <0.0001 *
Verbal fluency, Mean (SD) 11.65 (+1.25) 10.50 (£1.62) <0.0001 *
WCST errors, Mean (SD) 3.53 (£2.47) 4.35 (£2.94) 0.002 *
Language (ACE), Mean (SD) | 27.29 (£0.91) 27.12 (£1.30) 0.153 *
Aphasia Battery, Mean (SD) | 28.32 (£1.30) 27.76 (£1.60) 0.003 *
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Visual memory, Mean (SD) 17.59 (£9.57) 16.65 (£10.57) | 0.013 *
Logical memory, Mean (SD) | 15.09 (+4.76) 12.68 (£6.12) <0.0001 *
Position discrimination, Mean | 19.15 (£0.89) 18.85 (£1.21) 0.135 *
(SD)

Cube Analysis, Mean (SD) 8.21 (£1.55) 7.97 (£1.82) 0.117 *

*Analysed using Wilcoxon signed rank test

**Analysed using paired student’s t test

Table 3: Cognitive scores at baseline and follow up in the DBS group

Global cognition, assessed by mean ACE and MOCA scores were found to be significantly
lower at follow up (86.12 +4.38; 25.35 +2.88) than at baseline (87.59 +3.55; 26.12 £2.27) in

the DBS group. MMSE scores were comparable pre and post DBS.

At follow up, patients took significantly longer time to complete the Trail A test (80.03 +£27.21)
than at baseline (75.53 +20.69). The mean digit span, a test of working memory and attention,
was found to be lower on follow up (10.44 £2.74) when compared to baseline (11.71+2.08)
values. A higher number of WCST errors (measure of set shifting) were reported on follow up

(p=0.002) (Table 3, Figure 7).

Mean verbal fluency (10.50 +1.62) and Frenchay’s Aphasia test scores (27.76 £1.60) were
found to be significantly lower on follow up in the DBS group when they were compared to

values at baseline. The other tests of language, as a subscale of ACE were found to be
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comparable pre and post DBS. Both verbal (p <0.0001) and visual memory (p=0.013) were
found to be significantly worse on follow up, which may be expected due to disease progression
itself. Measures of visuospatial function did not differ during the duration of assessment. The

anxiety and depression scores were not found to differ significantly, either.

None of the patients had dementia at baseline or follow-up.
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Figure 7: Comparison of neuropsychological scores at baseline and follow up in the DBS group
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2. Non DBS group

Parameter Baseline (T,) Follow up (T1) | p value
ACE, Mean (SD) 86.56 (+4.07) 85.03 (£5.54) 0.002 *
BDI, Mean (SD) 7.59 (£3.18) 7.47 (£3.55) 0.888 *
MMSE, Mean (SD) 27.68 (+1.20) 27.06 (£1.94) 0.007 *
MOCA, Mean (SD) 25.53 (+1.94) 24.68 (+2.58) <0.0001 *
Trail A, Mean (SD) 79.29 (£21.64) 81.85(+24.12) | 0.173 **
Digit Span, Mean (SD) 12.38 (+2.12) 11.71 (£2.60) 0.005 *
Verbal fluency, Mean (SD) 12.06 (£1.13) 11.47 (£1.71) 0.002 *
WCST errors, Mean (SD) 3.21 (£2.75) 3.79 (£3.59) 0.075 *
Language (ACE), Mean (SD) | 27.50 (£0.62) 27.21 (x0.77) 0.048 *
Aphasia Battery, Mean (SD) | 28.65 (+0.98) 28.32 (£0.91) 0.058 *
Visual memory, Mean (SD) 18.41 (£6.58) 17.38 (£7.86) 0.061 *
Logical memory, Mean (SD) | 13.68 (+4.48) 11.41 (£5.20) <0.0001 *
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Position discrimination, Mean | 18.91 (£0.75) 18.74 (£0.99) 0.335 *

(SD)

Cube Analysis, Mean (SD) | 8.53 (+1.60) 8.09 (+2.19) 0.025 *

*Analysed using Wilcoxon signed rank test

**Analysed using paired student’s t test

Table 4: Cognitive scores at baseline and follow up in the non DBS group

In the non DBS group, mean ACE, MMSE and MOCA scores were found to be significantly
lower on follow up (85.03£5.54; 27.06+1.94; 24.68+2.58) than at baseline (86.56+4.07;
27.68+1.20; 25.53+1.94). At follow up, the time taken to complete Trail A test and errors on
WCST were found to be comparable. The mean digit span, was found to be significantly lower

on follow up (11.7142.60) when compared to baseline (12.38 +2.12) (Table 4).

Patients who were on medical management alone had worse mean verbal fluency (11.47 +1.71)
scores on follow up when these values were compared to baseline (12.06+1.13). The other
tests of language domain did not reach statistical significance over the period of follow up. In
these patients, logical memory declined on follow up (p<0.0001), whereas visual memory did
not. Measures of visuospatial function showed varied results with test of position
discrimination scores being comparable (p=0.335) and the test of cube analysis scores being

significantly low on follow up (p=0.025) (Figure 8).

Similar to DBS group, none of the patients in the medical management group were demented

at baseline and none developed dementia during follow-up.
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Comparison at baseline and follow up in the non DBS group
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Figure 8: Comparison of neuropsychological scores at baseline and follow up in the non DBS group

As evidenced by differences in both the groups, with and without DBS, these results are
expected due to natural progression of disease in PD. A better measure would be to calculate
the decline from baseline between these groups and test for significance. Also, to further
ascertain whether the DBS procedure has a bearing on the cognitive scores, we compared the

cognitive scores between the two groups at follow up.
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Comparison of neuropsychological scores between DBS and non DBS group

1. Neuropsychological variables at follow up between the two groups

Parameter DBS Non DBS p value
ACE, Mean (SD) 86.12 (+4.38) 85.03 (£5.54) 0.546 *
BDI, Mean (SD) 8.68 (+4.26) 7.47 (£3.55) 0.225 *
MMSE, Mean (SD) 27.32 (£1.93) 27.06 (£1.94) 0.588 *
MOCA, Mean (SD) 25.35 (£2.88) 24.68 (£2.58) 0.355 *
Trail A, Mean (SD) 80.03 (+27.21) 81.85(24.12) | 0.771 **
Digit Span, Mean (SD) 10.44 (£2.74) 11.71 (£2.60) 0.073 *
Verbal fluency, Mean (SD) 10.50 (£1.62) 11.47 (£1.71) 0.020 *
WCST errors, Mean (SD) 4.35 (£2.94) 3.79 (£3.59) 0.243 *
Language, Mean (SD) 27.12 (£1.30) 27.21 (x0.77) 0.653 *
Aphasia, Mean (SD) 27.76 (£1.60) 28.32 (£0.91) 0.126 *
Visual memory, Mean (SD) 16.65 (£10.57) 17.38 (£7.86) 0.773 *
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Logical memory, Mean (SD) | 12.68 (+6.12) 11.41 (£5.20) 0.449 *
Position discrimination, Mean | 18.85 (£1.21) 18.74 (£0.99) 0.446 *
(SD)

Cube Analysis, Mean (SD) 7.97 (£1.82) 8.09 (+2.19) 0.478 *

*Analysed using Mann Whitney U test

**Analysed using unpaired student’s t test

Table 5: Comparison of neuropsychological scores between the two groups at follow up

At mean follow up of 32.96 + 4.097 months, patients who had undergone DBS (10.50+1.62),

showed significantly lower (p=0.02) scores of verbal fluency when compared to those who

were on medical management alone (11.47+1.71) (Figure 9). Patients in the non DBS groups

performed better on the digit span test. However, this did not reach statistical significance

(p=0.07). Rest of the measures of global cognition, executive function, language, memory and

visuospatial function did not differ significantly between the two groups. Follow up anxiety

and depression scores between the two groups were also comparable, thereby negating any

confounding bias on the cognitive scores (Table 5, Figure 10).
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Verbal fluency between the two groups at baseline and
follow up
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Figure 9: Comparison of verbal fluency between the two groups at baseline and follow up
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Figure 10: Comparison of neuropsychological scores between the two groups at follow up
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2. Comparison of decline between the neuropsychological variables of the two groups

Parameter (Decline) DBS Non DBS p value
ACE, Mean (SD) 1.47 (£2.78) 1.53 (£2.49) 0.965 *
BDI, Mean (SD) -0.24 (£3.88) | 0.12 (+4.20) 0.897 *
MMSE, Mean (SD) 0.38 (£1.33) 0.62 (£1.21) 0.355 *
MOCA, Mean (SD) 0.76 (£1.30) 0.85 (£1.13) 0.849 *
Trail A, Mean (SD) -4.50 (x11.91) | -2.62 (¢10.67) | 0.495 **
Digit Span, Mean (SD) 1.26 (£1.33) 0.68 (£1.25) 0.061 *
Verbal fluency, Mean (SD) 1.15 (£1.23) 0.59 (+0.93) 0.034 *
WCST errors, Mean (SD) -0.82 (+1.34) | -0.59 (+1.81) |0.252*
Language (ACE), Mean (SD) 0.18 (£0.72) 0.29 (+0.84) 0.519 *
Aphasia Battery, Mean (SD) 0.56 (£1.02) 0.32 (£0.95) 0.545 *
Visual memory, Mean (SD) 0.91 (£1.96) 1.03 (+3.08) 0.809 *
Logical memory, Mean (SD) 2.41 (£3.21) 2.32 (£2.65) 0.877 *
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Position discrimination, Mean (SD) | 0.29 (£1.12) 0.18 (£1.09) 0.661 *

Cube Analysis, Mean (SD) 0.24 (£0.86) | 0.44 (£1.08) | 0.412 *

*Analysed using Mann Whitney U test

** Analysed using unpaired student’s t test

Table 6: Comparison of decline of the neuropsychological variables between the two groups

When the temporal change of cognitive variables were compared between the two groups, only
measure of decline of verbal fluency was found to be significantly lower on follow up (0.59
+0.93) when compared to baseline (1.15+1.23). The decline in digit span tended towards
statistical significance (p=0.06). Rest of the measures of decline in global cognition, executive
function, language, memory and visuospatial function remained stable and comparable over a
period of time (T1) in the two groups. Anxiety and depression as measured by NPI and BDI,

did not differ significantly between them (Table 6, Figure 11).

Comparison of decline of scores between the two groups
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Figure 11: Comparison of decline of scores between the two groups
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DISCUSSION

The improvement in motor outcomes after deep brain stimulation (DBS) has been well
established in patients with Parkinson’s disease. But the cognitive changes in these patients
have not been accredited with certainty to DBS or its procedure and it remains controversial.
As even small decrements in cognition can lead to profound effects on quality of life, it is

important to ascertain the same in this population of patients.

We conducted a comparative observational study to assess the effects of bilateral STN DBS on
cognition at minimum two years of neurostimulation when compared to a group of patients
with PD on medical management alone. At a mean follow up of around 33 months, compared
to medically managed patients, we found a significant decline in verbal fluency scores in the
DBS group and a trend for decline was noted in digit span test, both measures of frontal
executive function. Though many of the other cognitive scores declined over time, there was
no difference between the surgical and medically managed groups, indicating that these are

attributable to the natural progression of PD and not the surgical procedure or neurostimulation.

We studied a total of 68 patients; 34 in each group (DBS and non DBS). The DBS group
comprised of 26.5% females, with a mean age of 55.53 (£7.36) years and the non DBS group
comprised of 29.4% females with a mean age of 58.21 (+6.06) years. This is expected as PD is
almost twice more common in men as in women. The mean age and sex ratios between the two

groups were comparable.

As age and duration of PD could confound the assessment of neuropsychological functions,
we sought to match the two groups for age at assessment and duration of illness. To avoid the
confounding effects of education, we selected only patients with a minimum of 10 years of
formal education. Age and gender distribution between the two groups were comparable, with

no statistically significant difference between them. The mean educational years was
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marginally higher (p=0.04) among patients of the DBS group when compared to those in the
non DBS group. This may be due to the fact that patients who underwent DBS were more likely
to be educated and financially independent to understand the risks and benefits of the procedure

and to afford the same.

The UPDRS III (motor) scores assessed in drug off state were similar between the two groups
indicating that these two groups of patients who were matched for duration of the disease, had
a similar degree of severity of motor deficits of PD. At baseline, the LEDD did not differ
significantly between the two groups. Our neuropsychological test battery was composed of
tests of global cognitive function (the validated Malayalam versions of ACE, MoCA and
MMSE) as well as two tests each, testing each of the five cognitive domains recommended for
the cognitive assessment of PD — viz attention and working memory (Trail Making Test A and
B (66), digit span test (67—69)); executive function (verbal fluency (63) and Wisconsin Card
Sorting Test (70,71)); memory (logical memory and visual recall — subtests of Wechsler
Memory Scale (72)); language (subscale of ACE and Frenchay’s Aphasia screening test (73))
and visuospatial functions (position discrimination and cube analysis- VOSP battery (74)) - as
per the International Parkinson and Movement Disorder Society (MDS) guidelines (58). The
baseline neuropsychological testing did not show any significant difference in the test scores,
between the two groups. Thus, we had a population of medically and surgically managed

patients comparable at baseline, allowing us to study the effect of DBS per se on cognition

Patients were assessed at mean follow up of 32.96 + 4.097 months. UPDRS II and III scores
were significantly lower in the DBS group (11.21 (£3.13); 16.47 + 4.36) in medication-off state
when compared to the non DBS group (26.94 (£3.18); 49.09 + 5.19; p<0.0001). The
improvement in motor outcome is expected with DBS as it is the very reason why DBS is
undertaken in patients with severe motor symptoms, dyskinesias and/or motor fluctuations. As

patients’ activities of daily living, measured by UPDRS II are greatly dependent on their motor
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outcomes, this too is expected post DBS. This has been asserted by previous randomised trials
(75,76). The PD SURG trial reported the 1 year follow-up data of 366 PD patients treated either
with surgery or the best medical therapy (75). They found that the mean UPDRS scores
decreased significantly between baseline and 1 year follow up in the surgical group and
increased in the medical therapy group (attributable to the progression of disease) along with a

significant improvement in DBS patient’s quality of life.

When the scores were compared at baseline and follow up, for the two groups individually;
various neuropsychological scores were found to have significant differences. We found
declines in both groups in relation to measures of global cognition (ACE, MOCA), attention,
executive function (digit span, verbal fluency) and logical memory. Though the DBS group
showed significant increased time for TMT-A, increased errors in WCST (measure of set
shifting), worse scores on Frenchay’s aphasia scale and visual memory test; the non DBS
group also showed trends for worsening in these domains. In addition, the non DBS groups
showed decline in visuospatial function. Though found to have significance in the paired
statistical tests, the magnitude of most of the declines were small and may not be clinically
significant; none of the patients in either groups were demented on follow up. The decline in

these scores, occurring in both groups, indicate the natural progression of PD.

York et al., studied neuropsychological outcomes in 23 patients who underwent DBS and 28
patients with PD at baseline and 6 months (11). They found that patients who underwent
DBS demonstrated declines from baseline in attention, set shifting and semantic fluency but
these changes were similar to the rate of decline seen in the PD group. This was attributed to
the natural progression of Parkinson’s disease as they were seen in both groups. Similarly, in
our study we found minor statistical differences from baseline in both the groups, however,

there was no major cognitive decline in these patients. Both the DBS and non DBS group
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revealed largely similar intragroup declines on follow up, suggesting that these declines are

comparable with the rate of PD progression.

To better ascertain the difference between the two groups, we sought to compare the follow-
up neuropsychological scores between the two groups (which were similar at baseline with

regard to these scores) and also, the decline in scores over time, between the two groups.

During assessment of follow up scores between the two groups, only measure of decline of
verbal fluency (comprising of both phonemic and semantic fluency) was found to be
significantly lower (p=0.02) in the DBS group (10.50£1.62) when compared to those who were
on medical management alone (11.47£1.71). Patients in the non DBS group performed better
on the digit span test with higher scores. However, this did not reach statistical significance

(p=0.073).

When the temporal decline between the two groups were ascertained; verbal fluency was again
found to be significantly lower on follow up (0.59 +0.93) when compared to baseline
(1.15+1.23, p=0.034). The decline in digit span showed a statistical trend. (p=0.06). Rest of the
measures of decline in global cognition, executive function, language, memory and
visuospatial function remained stable and comparable over a period of time (Ti) in the two
groups. The changes in anxiety and depression scores as measured by Beck’s Depression
Inventory (BDI) and anxiety subscale of Neuropsychiatric Inventory (NPI) , were also

comparable, thereby precluding its effects on the cognitive scores.

Our findings are in accordance with most previous studies which have used a control group of
PD patients on medical therapy for comparison against patients who underwent bilateral STN
DBS (Table 7). The one cognitive adverse event which is consistently reported following DBS
is a decrease in verbal fluency (9—-11,13,44-47,77-80). Verbal fluency is a complex composite

task, with various cognitive subcomponents (e.g. conception and application of a retrieval
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strategy, shifting between subcategories, vocabulary access, semantic processing) which may
overall be classified as either executive or semantic in nature (14). Neuropsychological and
neuroimaging studies, in healthy and clinical subjects, support the involvement of a fronto-
temporal system including areas known to be the substrate of executive and semantic processes
including (left or bilateral) inferior frontal gyrus, anterior cingulate cortex and superior

temporal regions.

Castelli et al., conducted a prospective controlled study of 27 PD patients who underwent
DBS-STN (DBS group) and a matched control group of 31 PD patients under optimal
medical treatment (MED group) who were awaiting surgery themselves (80). The two groups
were matched for age, sex, duration and severity of the disease (UPDRS, part IIT) and
levodopa equivalent daily dosage (LEDD). They were followed up for a period of 1 year. At
baseline, the two groups were comparable for cognitive scores. On univariate analysis, at
follow up, there seemed to be a significant decline in phonemic fluency scores in the DBS
group compared to the MED group (p=0.002). When these were analysed in a correlation
analysis, they did not find any association between change in verbal fluency and
demographic-neurological variables. Thus, the decrease in verbal fluency was independent of
motor scores, LEDD and natural PD progression. They further found a subgroup of 15% of
DBS patients that showed a relevant cognitive decline 1 year after surgery. Even though, the
baseline motor scores were not statistically significant, the DBS group (55+11.3) presented a
higher severity of the illness at baseline than the MED group (49.6+11.9) as evidenced by the
UPDRS III scores. The design of our study was similar to this one with 34 patients in each
group, using a matched controlled group, though the non DBS group did not comprise of all
patients who were waitlisted for surgery. However, both groups were matched at baseline for
age at assessment and duration of illness. They had similar severity of motor deficits and

equivalent LEDD at baseline. At a longer follow up period, we similarly found a significant
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decline in verbal fluency in the DBS group with other neuropsychological variables being
comparable between the two. We did not find major cognitive decline or dementia in any of
our patients. The subgroup of patients that were found to have dementia in Castelli’s groups
also had a higher severity of disease at baseline when compared to rest of the DBS group,

whereas we did not find such a difference between our study groups.

The three year controlled Italian study by Zangaglia et al., also studied a similar study
population to ours with 32 post DBS patients and 33 PD controls, who though were eligible
for surgery, denied it for various reasons (9). The groups were matched for various
demographic variables at baseline except for age and age at onset of PD (both were greater in
the control group). As in our study, they found that between the two groups, at 3 years, with
the exception of the FAS score for verbal fluency, which was significantly lower in the DBS
group (PD-control: 32.62; PD-DBS: 25.68; P = 0.014), no other significant differences
emerged between the two groups. They also assessed within group differences at baseline and
at 1, 6, 12, 24, and 36 months for the DBS group, and found that the worse logical executive
function task and verbal fluency scores at 1 month, had returned to baseline by 1 year and
thereafter, remained stable. This could be attributed to the micro-lesioning effect of the
circuits seen in the immediate DBS post-operative period. As at 3 years, the DBS group still
showed significant decline in verbal fluency scores, the role of STN neurostimulation on the
fronto striatal circuits cannot be completely dismissed. Notably, the WCST score was worse
in the control group at 3 years when compared to the baseline. This was potentially attributed
to PD progression and they suggested that this was probably not seen in the DBS group, due
to a learning effect. We did not see a similar worsening of WCST scores in the non DBS
group. The greater age and age at onset of PD in the control group of their study could have

accounted for the increased errors.
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In their study of 23 DBS PD patients and 28 controls on medical management, York et al.,
demonstrated that patients who underwent STN DBS experienced declines in verbal delayed
recall and verbal fluency when compared to PD controls at 6 months (11). 26% of DBS patients
revealed a reliable decline in verbal fluency compared with only 4% of PD controls (p<0.01),
and 37% of patients who underwent DBS showed a decline on Stroop Color—Word test
(SCWT) as opposed to 4% of PD controls after 6 months (p<0.003). Several trends were seen
in patients who underwent DBS with decline on measures that tap oral information processing
speed, including verbal fluency, Symbol Digit Modalities Test and Stroop Word scores. They
attributed this to frontostriatal dysfunction rather than due to disease progression alone. Even
though verbal and visual memory scores significantly declined from baseline in the DBS group
in our population; there was no difference in the declines of the two groups or between the
follow up scores. The shorter duration of follow up (6 months vs 33 months), different
assessment tests for verbal memory, DBS group having 2 years less educational attainment, a
younger age of PD onset, a longer duration of illness and taking more dopaminergic medication

could all have been contributing factors.

In one of the earliest controlled studies, Morrison et al., studied cognitive outcomes in 17
patients post DBS in both stimulation on and off states as compared to baseline (mean
13.3+7.8 weeks) and 11 PD matched controls (9.7+7.4 weeks) (10). They went a step further
to try and dissociate the effect of the surgical process of implantation and chronic indwelling
of electrodes from the STN neurostimulation itself. They also looked at the effects of the
procedure as a whole. They assessed composite scores for cognitive domains of attention
(digit span forward and backward, brief attention test), execution, language (derived from
semantic and phonemic verbal fluency, confrontational naming); learning, recognition,
delayed recall and visuospatial function owing to the small sample size and large number of

neuropsychological variables being studied. They found mild decline in attention (p-0.031)
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and language measures (p=0.05) in stimulation off states when compared to baseline, in the
surgical group. As the trajectory of the electrodes passes through the frontal region, these
measures of executive function are likely to be affected. When comparing the procedure as a
whole in stimulation on state, there were mild significant declines in language and delayed
verbal recall from baseline in the DBS group. No significant differences were found between
stimulation on and off states in the surgical group, therefore, as a whole, there was no effect
of STN stimulation on cognitive and affective functions. Similarly, we found significant
declines in verbal fluency tasks and statistical trend in digit span test, both a function of
attention and executive function. We did not study the patients in off stimulation state, as
many patients are uncomfortable being tested in the off state due to the ensuing disability.
Hence, we were not able to dissociate the effects of the surgical process from the high

frequency STN stimulation per se.

Williams et al., compared 19 PD patients who had bilateral simultaneous STN DBS to 18
non-surgical PD patients using comprehensive neuropsychological assessment at baseline and
at a 2 year follow-up (44). STN DBS patients exhibited impairments on tasks involving
processing speed, non-verbal recall and verbal fluency (phonemic and semantic) and a trend
was observed for impairment with Stroop Color Word Test. The authors also used RCI to
draw conclusions solely based on the effects of DBS on cognition and to demarcate these
effects from PD progression. After computing RCIs, patients in both the DBS and PD control
groups deteriorated on processing speed, phonemic verbal fluency, semantic verbal fluency,
non-verbal recall and executive function (53 vs. 28%, 26 vs. 11%, 29 vs. 29%, 47 vs. 25%
and 43 vs. 18%, respectively. The number of STN DBS patients who converted to dementia 2
years following surgery was not significantly different from the control group. Though the
two groups were matched in various aspects, the STN DBS group had significantly less

education and higher baseline dopaminergic medication usage. Though we also found
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declines in information processing (digit span as a measure) and verbal fluency, we did not
find any significant differences in verbal and non-verbal memory at follow up between the
two groups. This could be attributed to the inherent difference of the tests applied for the
same, where we used the Weschler memory scale (WMS) and Williams’ group used the

RAVLT and BVMT (Brief Visuospatial Memory Test) scores.

Witt et al., carried out a randomised multicentre study with 60 patients randomly assigned to
receive STN DBS and 63 patients to have optimal medical treatment (13). After 6 months,
impairments were seen in executive function; phonemic verbal fluency and response
inhibition (assessed by Stroop Color Word Test) irrespective of the improvement in quality of
life. Thus, they concluded that STN DBS does not reduce global cognition but there is a
selective decline in frontal executive functions and this was due to the intervention rather
than progression of disease. As these changes do not affect improvements in quality of life
and, DBS of the STN was considered safe with respect to neuropsychological effects in
carefully selected patients. Compared to our study, the advantages of this study were the
comparatively larger cohort size and prospective, randomised design which allowed for a

comprehensive neuropsychological assessment with increased statistical power.

Recently, Tramontana et al., noted that DBS patients (n=15) had deficits in phonemic fluency
(p=0.047) and on several subtests of the Wisconsin Card Sorting Test (WCST, p=0.035) at
one year follow up, compared to controls (n=15) in early stage PD patients (H and Y stage II)
after withdrawal of treatment (off stimulation/ off medication) (46). Although, the medical
therapy group performed better on the phonemic fluency task (p = 0.029) at 2 years, the
comparative change from baseline between the two groups was not significantly significant
(p = 0.069). In addition, when the authors excluded patients who suffered from an adverse

event (one with stroke and one with infected hardware) in the DBS cohort; these findings
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were negligible at 2 years follow up. Comparatively, we still found significant differences in
verbal fluency at follow up. This could be attributed to our cohort comprising of advanced
PD patients with assessment being done in the on stimulation/ on medication states, probably

relaying the effect of high frequency bilateral STN stimulation.

In one of the largest studies, Smeding et al., included 99 STN DBS patients and 36 PD
controls (47). They found that 6 months after surgery, the STN group showed a greater
decline than the control group on measures of selective attention, verbal fluency, speed of
color naming and verbal memory. In spite of the apparent differences between the number of
participants in each group, longer disease duration and higher baseline LEDD in the DBS
group, these baseline differences did not affect the results. Though, we did not find
significant differences in measures other than verbal fluency, the other tests mentioned here
largely test the executive functioning and connectivity of the fronto-striatal circuits and hence

are an extension of our findings.

As evidenced above, verbal fluency commonly declines post STN DBS in PD, but alternating
fluency measures using cued and uncued paradigms have been sparingly evaluated. Marshall
et al., compared 23 STN DBS patients with 20 non-surgical PD patients with cued and
uncued intradimensional (phonemic/phonemic and semantic/semantic) and extra-dimensional
(phonemic/semantic) alternating fluency measures at baseline and at 6 months (77). Patients
post STN DBS showed a greater decline on the cued phonemic/ phonemic fluency and the
uncued phonemic/semantic fluency tasks as compared to the PD patients. For STN DBS
patients, verbal learning and information processing speed accounted for a significant
proportion of the variance in these declines. Though these results should be interpreted with
caution, as the two groups were incompletely matched at baseline for demographic and

medical variables. As STN DBS patients demonstrated greater declines over time than the PD
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patients, these findings suggested that changes in alternating fluency were not related to
disease progression. We did not assess this measure of alternating verbal fluency, but it can
be explored in the future, to better delineate the tasks of verbal fluency in which declines are

seen in patients after STN DBS surgery.

In the first long term controlled study, Merola et al., included 19 DBS and 16 medically
treated PD patients (78). They reported phonemic verbal fluency to be significantly worse in
STN DBS patients at an average follow up of 6 years (p=0.023). Both groups showed similar
progression to dementia during follow-up (25% vs 21%) with no significant differences. This
study further affirmed that verbal fluency remains affected even at long term follow up of
around 6 years. We did not find any major cognitive decline amounting to dementia in our
cohort. This can be explained by the shorter follow up, absence of major cognitive

impairments at baseline and no major adverse events being reported in these patients post

DBS.

Authors(s), Population Site of DBS Evaluation Duration Neuropsychological
Year studied DBS settings at of follow outcome (decline in
assessment up DBS group)
ON stim Stroop Test, Raven Stroop time of
Moretti et 9- DBS Bilateral Standard 1, 6, 12 execution and number
al., 2003 (45) STN Progressive months of mistakes, semantic,
9- PD controls Matrices, digit span phonological and
backwards and syllabic fluency and in
forwards, retrieval the number of
of a story, Syntactic intrusions in the
comprehension test syllabic task
and Morphological
test (from the

Bilingual aphasia
test, part B, Italian
language),
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Morrison et
al., 2004 (10)

Smeding et
al., 2006 (47)

York et al.,
2007 (11)

17-DBS, Bilateral ON and OFF
STN stim
11-matched
PD controls
(CPD)
ON Stim
99- DBS Bilateral
STN
36- control
ON stim
23-DBS Bilateral
STN

28- medically
treated group

alternating verbal
semantic and
phonological
fluency, Benton
Line Orientation
Test .

For DBS
group- 13.3
weeks;

Composite scores
for attention,
execution, language
(semantic and
phonemic verbal
fluency,
confrontational
naming); learning,
recognition, delayed
recall and
visuospatial domains
DRS; Category
fluency, Controlled
Oral Word
Association Test
(COWAT),
Alternating fluency,
Dutch Adult
Reading Test
(DART), Paced
Auditory Serial
Addition Task
(PASAT): Auditory
Verbal Learning
Test (AVLT),
Groningen
Intelligence Test:
Visuospatial
reasoning, Stroop
Color Word Tests
0Odd Man Out Test
(OMO), TMT-A and
B, Boston Naming
test (BNT)

for CPD
group- 9.7
weeks
(mean)

6 months

MMSE, Mattis
DRS, Symbol Digit
Modalities Test,
TMT- A and B,
Digit Span, Verbal
Fluency, Semantic
Fluency, Boston
Naming Test (BNT),
RAVLT, Brief
Visual Memory Test
(BVMT), WCST,
SCWT, Clock

6 months

OFF- attention and
language

ON- language and
delayed verbal recall

Verbal fluency, color
naming, selective
attention, and verbal
memory

Verbal recall and trends
for declines in oral
information processing
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Witt et al.,
2008 (13)

Castelli et
al., 2009 (80)

Zangaglia et
al., 2009 (9)

Williams et
al., 2011 (44)

60- DBS

63- PD
medical group

27- DBS;

31- medical
management

32- PD DBS

33 -PD
control

19- DBS

18- medical
management

Bilateral
STN

Bilateral
STN

Bilateral
STN

Bilateral
STN

ON stim

ON stim

ON stim/ ON
med

ON stim

Drawing, BDI,
State-Trait Anxiety
Inventory (STAI)
and Brief Symptom
Inventory (BSI)

Mattis DRS,
RAVLT, digit span,
verbal fluency,
SCWT, Benton test

Raven Color
Matrices, Bi-syllabic
Words Repetition
test, Corsi’s Block
Tapping test, Paired
Associate Learning
and Trail Making B,
the Nelson Modified
Card Sorting test,
Phonemic and
Category Verbal
Fluency tasks

MMSE, long-term
memory, LMT,
Verbal span, Digit
span, Corsi’s Block
tapping test, WCST
and Raven’s
Matrices, verbal
fluency (FAS)

MMSE, DRS,
RAVLT and the
Brief Visual
Memory test
(BVMT), Symbol
Digit Modalities
Test oral
administration
(SDMT), TMT-A,
Digit Span from the
WAIS-III, verbal
fluency, Boston
naming test, TMT-
B, WCST, SCWT,
Clock Drawing

6 months

1 year

3 years

2 years

Verbal fluency,
Performance on Stroop
test

Verbal fluency

Verbal fluency

Non-verbal recall, oral
information processing
speed, and lexical and

semantic fluency
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Marshall et  23- DBS;
al., 2012 (77)
20- PD non-
surgical
Saez-zea et 9- DBS
al., 2012
12- control
Merola et 19- DBS
al., 2014 (78)
16- Medical
control group
Tramontana 15- DBS
et al.,, 2015
(46) 15- optimal
drug therapy
(ODT)
(In early PD)

Bilateral
STN

Bilateral
STN

Bilateral
STN

Bilateral
STN

ON stim

ON stim

ON stim/ ON
med

OFF stim/
OFF med

Alternating verbal
fluency intra and
inter group
comparisons for
cued and un cued
semantic and
phonemic verbal
fluency tasks within
60s

Subscales of WAIS-
III, TMT- A and B,
Stroop Test, AVLT,
tests of executive
function, Boston
Naming Test,
Semantic Verbal
Fluency Test
(animals), Phonemic
Verbal Fluency Test
(P/M/R) ,
constructional praxis
tests, WCST,
Arithmetic
Reasoning, Copy
and maintain
alternating patterns

6 months

6 months

Raven color
matrices,
Bi-syllabic words
rep. test, Corsi’s
block tapping test,
Paired associate
learning, TMT-B,
Nelson MCST,
Phonemic verbal
fluency, Category
verbal fluency,
BDI, State Trait
Anxiety Inventory

(mean)

Benton Judgment of
Line Orientation
Test, Boston
Naming Test, Verbal
Fluency

Phonemic (FAS
Words), Semantic
(Animal Words),
WAIS-III Digit
Span, PASAT,
WMS-III, WCST,
Stroop Color and
Word Test,
Minnesota

12,24
months

6.22 years

Cued phonemic/
phonemic fluency and
the un cued
phonemic/semantic
fluency tasks

Phonemic verbal
fluency, time to
perform the TMT- B,
Digit Symbol score of
WAIS-II and color-
naming score of the
Stroop Test.

Phonemic verbal
fluency

Attention, executive
function, and word
fluency at 12 months.
These differences were
largely diminished at 24
months
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Multiphasic
Personality
Inventory-2

Demeter et 10- DBS; Bilateral ON stim/ ON  MMSE, Digit span 4-6 months | Semantic verbal fluency
al., 2017 (79) STN med test, Stroop, TMT-B,

10- PD Corsi block tapping

patients testy, letter N-back

waitlisted for test, phonemic and

DBS semantic verbal

fluency tasks

e  Stim- stimulation; Med- medication

Table 7: Previous controlled studies which studied neuropsychological outcomes post DBS surgery

It is still not known whether post-operative cognitive impairments are solely attributable to PD
progression, the effects of the surgery, or both. We demonstrated significant decline in verbal
fluency (composite score of phonemic and semantic fluency) in the DBS group from baseline
at an average follow up period of 33 months. Statistical trend was also seen with worsening
digit span in the DBS group. Our results are concordant with previous studies as detailed in the
text above. As these changes were seen only in the DBS group on follow up, these findings
cannot be explained by progression of disease. Both verbal fluency and digit span are a measure
of frontal executive functions which may be impaired by affection of the fronto-striatal
circuitry. This may be due to the effect of the surgical process itself in the form of
microlesioning along the trajectory of the electrodes or the high frequency STN stimulation,

per se.

There are various theories to postulate how bilateral STN stimulation leads to executive
dysfunction. A PET study found that poor verbal fluency during STN stimulation was related
to decreased activation as evidenced decreased rCBF (regional cerebral blood flow) in the right

orbitofrontal cortex, the left inferior temporal gyrus, and the left inferior frontal/insular cortex
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(81). The spread of electrical current from the stimulator is probably not restricted to the
sensorimotor part of the STN and may also spread to affect the limbic and cognitive-associative
part (81), as well as the medial forebrain bundle, zona incerta, lateral hypothalamus, and other
regions that have extensive limbic connections. Another hypothesis may be that stimulation
disconnects the basal ganglia, and functions that are normally subserved by the basal ganglia

are inadequately taken over by the cortex (82).

We did not study the DBS patients in off stimulation states and thus, could not definitively
distinguish between the lesioning effect of surgery versus STN stimulation as the probable
cause for the executive dysfunction. However, it could be attributed to STN stimulation as the
immediate post-operative effects that lesioning produces may not extend up to our follow up
period of 33 months. Furthermore, the reduction of levodopa dose post-surgery often results in
apathy which can confound neuropsychological testing or the concomitant use of
anticholinergic medications which can worsen cognitive scores. We understand it is a
limitation of our study that we did not account for these factors while assessing the

neuropsychological variables.

In spite of minor significant differences in selective cognitive tasks, none of our patients
showed major cognitive decline in either group or developed dementia. This suggests that the
cognitive effects attributable to STN stimulation are minor and very likely to be non-
progressive and overall trajectory of global cognitive functions in operated patients follow that
of the medically managed group. We also did not find any significant intergroup differences
between the anxiety and depression scores at follow up, thereby precluding its effect on the
cognitive assessment. Thus, our study demonstrated impairment in selective cognitive task of

verbal fluency with no other major significant neuropsychological outcomes.
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Strengths of the study

Unlike many previous studies, we have employed a control group to compare the cognitive
outcome of DBS patients at baseline and follow up so that we could exclude the effect of natural
progression of Parkinson’s disease. We also matched the two study groups for age, severity of
motor deficits and duration of PD at baseline. There was only a minor difference for the mean

educational years at baseline.

We followed up patients’ long term, for a mean duration of around 33 months, which is a
reasonable amount of time for the immediate post-surgical effects of microlesioning of the

frontostriatal tracts to wear off.

Our study is the first in the Asian population that explored the cognitive outcome in PD patients

undergoing STN DBS when compared to a control group of medically treated patients.

Limitations of the study

We recognise that our study had a few limitations. Firstly, ours was not a randomised study.
However, given the proven efficacy of the DBS procedure for motor outcomes in idiopathic
PD, conducting a randomized controlled study will have major ethical concerns. We could
have used a group of patients waitlisted for surgery, to further have a homogenous control
group at baseline; however, this will not allow a long follow-up as was possible with the current
design. Secondly, we did not assess the patients separately in stimulation -on and stimulation-
off states and thus could not definitively determine whether the effects on executive
functioning were due to the lesioning from surgical intervention or to neurostimulation itself.
However, switching off the stimulation may not immediately withdraw the stimulation effects
and prolonged switching off may not be ethically justified. Thirdly, we did not take the LEDD

reduction post-surgery into consideration as this also could have contributed to apathy, with
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some impact on cognitive testing. Lastly, we had a small sample size which may have affected
the statistical power of the tests but given the selectivity of the population in which DBS is

undertaken, this may still be a sizeable number.
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CONCLUSION

Our study demonstrated impairment in the selective cognitive task of verbal fluency and a
trend towards impairment in attention, with no other major significant neuropsychological
outcomes attributable to STN DBS in patients undergoing this neurosurgical procedure for
motor complications of Parkinson’s disease. None of the patients had any functionally
significant cognitive deficits or dementia during the period of follow-up. We postulate that
these effects on fluency and attention are attributable to STN stimulation and modulation of
the fronto-striatal circuits and not from any acceleration of neurodegeneration resulting from
DBS. Thus, DBS of STN can be considered safe from the cognitive viewpoint in patients with
idiopathic Parkinson’s disease experiencing motor complications of medical treatment.
However, patients should be meticulously selected prior to surgery with adequate information
regarding the possible cognitive effects of DBS, to minimise the negative effects on quality of

life.
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ANNEXURES




PD
DBS
STN
GPi
VIM
UPDRS
ACE
MMSE
MOCA
BDI
TMT-A
TMT-B
SCWT
WCST
WMS
RAVLT
CDR
VOSP
GABA
L- Dopa
RCI
NMS
N/n

SD
LEDD

HandY

ABBREVIATIONS

Parkinson’s Disease

Deep Brain Stimulation

Subthalamic Nucleus

Globus Pallidus interna

Ventral Intermediate Nucleus
Unified Parkinson’s Disease Rating Scale
Addenbrooke’s Cognitive Examination
Mini Mental State Examination
Montreal Cognitive Assessment
Beck’s Depression Inventory

Trail Making Test — A

Trail Making Test — B

Stroop Color Word Test

Wisconsin Card Sorting Test
Weschler Memory Scale

Ray’s Auditory Verbal Learning Test
Clinical Dementia Rating scale
Visual Object Space Perception
Gamma amino butyric acid
Levodopa

Reliable Change Index

Non-Motor Symptom

Number of

Standard deviation

Levodopa Equivalent Dose

Hoehn and Yahr stage
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PROFORMA

Title: “Cognitive Outcome Following Bilateral Subthalamic Nucleus Deep Brain Stimulation In
Parkinson’s Disease: A Comparative Observational Study In The Indian Population”

Serial Number:

Name of the patient:
Gender:

Hospital Number:

Past Medical history: (DM/HTN/CAD/DLP/CVA):

DBS/ Non DBS:

If post DBS surgery, Target of DBS:

Age at onset of PD:

First motor symptom noted at onset:
Side of onset:

Motor Fluctuations: YES / NO

Dyskinesias:

Time to ON: Duration of ON:

Type of PD:

Current Medications:

LEDD:

Non-motor symptoms:

Hoehn and Yahr Stage:

UPDRS II and I Score (Off medication) :

Date:

Age:

Education:

Date of surgery:

Duration of PD :

OFF time dystonia:
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10.

11.

NEUROPSYCHOLOGICAL EVALUATION TOOLS

MONTREAL COGNITIVE ASSESSMENT-M (MoCA-M)

ADDENBROOKES COGNITIVE EXAMINATION(ACE)

BECK DEPRESSION INVENTORY (BDI)

WECHSLER MEMORY SCALE (WMS):

Visual Reproduction (VR) & Logical Memory (LM)

TRAIL A AND TRAIL B

WISCONSIN CARD SORTING TEST

DIGIT SPAN FORWARD AND BACKWARD

NEUROPSYCHIATRIC INVENTORY (NPI)

FRENCHAY APHASIA SCREENING TEST

CLINICAL DEMENTIA RATING SCALE(CDR)

VISUAL OBJECT AND SPATIAL PERCEPTION(VOSP):

Position discrimination &amp; Cube analysis
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NEUROPSYCHOLOGICAL TESTS

Mini-Mental State Examination (MMSE)

Patient's Name: Date:

Instructions: Score one point for each correct response within each question or activity.

Maximum | Patient’s Questions
Score Score

5 “What is the year? Season? Date? Day? Month?”

5 “Where are we now? State? County? Town/city? Hospital? Floor?”
The examiner names three unrelated objects clearly and slowly, then

3 the instructor asks the patient to name all three of them. The patient’s
response is used for scoring. The examiner repeats them until patient
learns all of them, if possible.
“I would like you to count backward from 100 by sevens.” (93, 86, 79,

5 72,65, ...)
Alternative: “Spell WORLD backwards.” (D-L-R-O-W)

3 “Earlier | told you the names of three things. Can you tell me what
those were?”

> Show the patient two simple objects, such as a wristwatch and a pencil,
and ask the patient to name them.

1 “Repeat the phrase: ‘No ifs, ands, or buts.”

3 “Take the paper in your right hand, fold it in half, and put it on the floor.”
(The examiner gives the patient a piece of blank paper.)

1 “Please read this and do what it says.” (Written instruction is “Close
your eyes.”)

1 “Make up and write a sentence about anything.” (This sentence must
contain a noun and a verb.)
“Please copy this picture.” (The examiner gives the patient a blank
piece of paper and asks him/her to draw the symbol below. All 10
angles must be present and two must intersect.)

| =P

30 TOTAL
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MONTREAL COGNITIVE ASSESSMENT- MALAYALAM (MOCA-M)

caoem(Slwomd enuvavle: aidlewowm-aciwogo (MOCA - M)

MONTREAL COGNITIVE ASSESSMENT - MALAYALAM
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ADDENBROOKE’S COGNITIVE EXAMINATION - MALAYALAM (M-ACE)

Addenbrooke's Cognitive Examination - Malayalam

NAME: HOSP. NO.:
D.O.B.: TESTING DATE(S):
AGE: EDUCATION (YEARS):
Handedness: Tested in (Language):
Gender: Urban / Rural:
ORIENTATION
Ask the subject the following questions and score a point for each correct
answer. Record all errors. Total Score for Orientation (0 - 10): (0]
1 a) What is the o | amy b) Where are we O ag@osT | agLeonecm
year ** country
af®) UBaumoeny [Glof==315)
season state
aR®) &0eimoeny (auloued) MuoMuNoMe
month city
ag®) @OMUE0sNy Mo
* date *** hospital (or street/road)
@1 ag)(@oseny @U@ (@OOAL)
day *#* floor (or house name/no.)
@ ¥alwlonl agom) dlairuaosny el (g eaid/maud)

*Allow an error of + 2.
** Give the example of SriLanka if the subject gives the name of the state when asked the country
*#% The items in the brackets are to be used if the subject is being tested in his/her house

ATTENTION/CONCENTRATION
2 Tell the subject I will name three objects and you have to remember and repeat them
after I finish. Taking one second for each, say aloud : lemon, key, ball.

Say them only once and ask the patient to repeat all three. Give one point for each
correct answer al first attempt only. [f score <3 repeat all three items until
the patient learns all 3. Maximum trials allowed = 5.
60003 mleaegos @MY MOWMEEBREeS Gald aloW)o.
0§y MIBCmEMIN @@ 6o Ala] aBQ)AIOW) .
MOWETB, MICHHITB, l(TT. Score (0 - 3):
Number of trials administered =
3 Ask the patient to subtract 7 from 100.
mOlad @ B¢ S0 en) @
Step 1 Give one point only for the right answer (93).
Step2  Ifthe subject’s answer is wrong then tell the correct answer.
Step3  Askthe subject to now subtract 7 from the correct answer (93).
@RS Mo alere)o apéd S0 aes (93).
Repeat steps 1 to 3 for a total of 5 subtractions (93, 86, 79, 72, 65).
Score the total number of correct subtractions Score (0 - S)Dj

Spell 'WORLD' backwards: This test is not scored for m-ACE.
Score the number of letters in the correct order, e.g., dlorw = 3.
‘aI@eUoWMm’ ag)m QUOBH1OTY @RSUVBRUD, ag)@R(HaowIEd
(aflowlad T @)eaMog) aloW)d:. ‘GRMm’ agM MM AlOToES MleaRud © mER * agony
alOWsMeo.

MEMORY
4 Ask the subject to recall the names of the 3 objects learnt earlier

in question 2. Score a point for each correct recall.

CMOOOD A0SO BYAT TVOWMEERE)OS EnldS BoBaT)a] alow)®, Score (0 - 3):

CBNC, SCTIMST, m-ACE, ver Oct. 2003 Reference: Int J Geriatr Psychiatry 2004;19:1188-1154. Page 10f6
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5 Anterograde Memory : Tell the subject I will read a name followed by an address and ask
you to repeat it when I have finished. Now read aloud the following name and address
which has a total of seven elements in it. Score one point for each element recalled correctly.
Regardless of the score afier the first trial, repeat the instruction and the task twice in exactly
the same way. Record scores for each of the three trials. Record errors.

O AlOWIAM Gal)o, Aflalomualo e&315 8oAMM) Al0W)d.

Elements Trial 1 Trial 2 Trial 3 Delayed

Velayuthan Thambi ecaeloyWwm il 2
42 Kovil Road 42 esoailed coonly 3
Chengammanad £216830MIS 1
Elanji seiemw 1
Total {7 7 /7 /7 /7

Trial 1-3: Score (0 - 21)
Delayed: Score (0 - 7)

6 Retrograde Memory: Score one point for each correct answer to the following questions

and record errors.

Tell me the name of 2)9IQUM Gald alOW)d Score (0 - 4)
the capital of India D IWYOS MEITUNOMO

the Indian currency 200@OEDOG MIFMo

the Chief Minister of Kerala C&08M IO 2)6u3a(T

the town where Taj Mahal is ®9e¥2a0®0 agailes ol aal@yam)

VERBAL FLUENCY
7 Letter: Ask the patient to tell me all the words you can think of, but not people or
places, beginning with the letter P. Time the subject for 1 minute and record all
answers in the space provided below. Error types: perseverations and intrusions.
‘al’ O@®0ENE) MSEBBYIM B)0a]) QUIGH)HUS aAlOW)ds,

uoaiewlomews, @oElaMewo Cald BREG:OYO.

8 Category: In the same way ask the patient to generate and now tell the names of as
many animals as you can beginning with any letter of the alphabet. Time the subject
for 1 minute & record all responses in the space provided below. Errors: perseverations
and intrusions.

@GO BYNEESOS aggjoo Gald) AlOW)d:. @RI aF@
@REHOO OHINZ)o MYSETBIO

Scoring
P al Animals  oynessd Raw Score Scaled
P Animals | Score
>12 >15 7

ITto12 | 131015 6

8t 10 10to 12 5
S5to7 7t09 4
3104 4106 3
- 2t03 2
<2 <2 1
Raw Score =
Scaled Score = /7 /7 Total Scaled Score (0 - 14)
CBNC, SCTIMST, m-ACE, ver Oct. 2003 Reference: Int J Geriatr Psychiatry 2004;19:1188-1194.

[ v

Page 20f 6
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LANGUAGE
9 Observe the subject's spontaneous speech and record the following
Fluency (phrases > 5 words)
Paraphasic errors (phonemic or semantic)
Word finding difficulties

10 Naming: Show the subject the following two line-drawings and ask him/her to name
each of the these. Record responses and errors. Give one point for each correct response.

80eE0MIaM®)o Gald) aAlOW)d:.

Score(0-2) | L

Naming: Show the subject the following ten line-drawings and ask him/her to name each
of these. Record responses and errors. Give one point for each correct response. If response is
different from expected then ask them if it resembles anything else.

8060MIHMEW)0 Gald) aloW)d.

Score (0 -.10) L

11 Comprehension (one -stage): Request the subject to obey the following simple
commands. Score (0 -2) L
@96¢ alo@)M MIBEGUOETBUY BREBIVANEE) .

point to the door QUO@@B 2l)en2] &oeM1Be) S
point to the ceiling @3 al)enE] &06mee) S
CBNC, SCTIMST, m-ACE, ver Oct. 2003 Reference: Int J Geriatr Psychiatry 2004;19:1188-1194. Page 3 of 6

81




12 Show the subject the instruction in the box below and ask him/her to read this aloud
and obey it.
969 ag)9)@1WIE1EME UOIRNEe)E ag)MI5, GG
@RMYTVRN SO
Score one point if performed correct. Score (0 - l)':

CLOSE YOUR EYES

SHEPIHUB GOSN S

13 Comprehension (3-stages): Give the subject a piece of paper and tell him to take this
paper in your right/ left hand. Fold the paper in half. Then put it on the floor.
M &HSEM el®) | SO HYIE af)S)Eeyd EMA ald)@] BSEe)&
ag)Mms @R® @O W Ee)S:.
Score one point for each correctly performed step Score (0 - 3)|:

14 Comprehension (complex grammar): Request the subject to obey the following commands.

o1 MAEaUISERUY aloellen)d Score (0 - 2) L

point to the ceiling then the door ®gleai) A=l cUoao (OGTRNGRID) 2l)6TER)e

point to the door after touching the |sawwewo, Slso0cW H®ISIS HOSIERIW) 2.
bed/desk

Score one point only if entire command is performed correctly .

15 Repetition (single words): Ask the subject to repeat each of these words after me.

Score one point for each correct repetition. Allow only one repetition Score (0 - 3) L

ADOM alOED) &HlWemIoud MEBUd ERO BRHAIBTTHE)E:
Brown Lusmo

Conversation &0810IB oMo

Articulate @ROOE000

16 Repetition (phrases): Ask the subject to repeat each of these phrases after me.
FDOM AlOWYMN (02 IdH6BRUE MEEBUY @RAUBGCTES) .
Score one point for each correct repetition. Allow only one repetition.

No ifs, ands or buts Score (0 - 1)‘
@rad malles aml@mMesslad ag@es @RAUNC G:0emIadWImm,)

The orchestra played and the audience applauded Score (0 - 1)

I’

a1 510 &:80M)0 OGO,

CBNC, SCTIMST, m-ACE, ver Oct. 2003 Reference: int J Genatr Psychiatry 2004;19:1188-1194. Page 4

of 6
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17 Reading (regular): Ask the subject to read each of these words aloud and show

him/her the following five words. Score (0-1) L

@INY AlOWYMMAU DOOEBH ('UO(Q)":BS);@:.

SHED voenico
WIPE o0la]
BOARD B6nIoWo
FLAME eanWlo
BRIDGE SYOINeE

18 Reading (irregular): Ask the subject to read each of these words aloud and show

him/her the jfollowing five words. Score (0 - 1)
@Y alOWIMN AISOYHUS 0OEE AUOWEe) .
SEW rueral
PINT nBE1
SOOT aneflmo
DOUGH O EHEMO
HEIGHT (6NIaO@O6M (Wo
19 Writing: Ask the patient fo make up a sentence and write it down in the space below.

If stuck, suggest a topic e.g. weather, journey. Score one point if the sentence has a correct

subject and verb and is meaningful.
8 AU0aldo MIOY af)Ly M. Score (0 - 1)|:

20 Now to check delayed recall ask the subject Tell me the name and address
that I had told you and you had practiced at the beginning of the test. Record points,
scores and errors as for question 6 in the space provided in question 5 on page 2.
CMROAD, FMOM AlOTIM) MM Gal@o, Aflaomale MlEBUdEs
R8O alow)d.

VISUOSPATIAL ABILITIES
21 Overlapping pentagons and Wire Cube: Show the subject the two figures in the next page and
ask him/her to copy these figures in the space provided. Score as follows
For the Overlapping pentagons, score one point if both figures have
5 sides and overlap.
For the Cube, score one point if the figure is correct.

r<

i

®06% &06Maflg)8s all®o 8N} QR4 &OEMSHOED0?

CBNC, SCTIMST, m-ACE, ver Oct. 2003 Reference: int J Geriatr Psychiatry 2004;19:1188-1194. Page 5 of 6
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Score (0- 1) I

Score (0 - 1)

22 Clock: Ask the patient to draw a clock-face with all the numbers and the hands at 5:10

Score 1 point each for- correct circle, numbering of the clock-face & position of the hands
8@ 2QSlG000E /EHOSEE af)g] @RSOEERS)0 AUOa], GROIED 5:10 agM VAo

Q2] S06 D)@,

Score (0 - 3)

23 CHECK : Have you recorded the delayed recall for name and address in Q 5 on page 2?

OVERALL SCORES : MMSE (0 - SO)L

(Enter the sum of the scores in the boxes on each side of the vertical line) +

ACE
VLOM Ratio A% + Sum of L (0 - 100)
._.>
§) + M — |
lf<22 FTD [If>32 AD |
CBNC, SCTIMST, m-ACE, ver Oct, 2003 Reference: Int J Geriatr Psychiatry 2004;19:1188-1194 Page 6 of 6
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TRAIL MAKING TEST - A
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DIGIT SPAN TEST - FORWARD AND BACKWARD

Vir4s - R: DIGIT SPAN

NAME: HOSP. NO.:
D.0.B.: TESTING DATE(S):

AGE: : EDUCATION (YEARS):
Handedness: Proficivnt Language:

Instructions for Digits Forward:
Say | am going to say some numbers. Listen carefully, and when | am through

say them right after me.
a0l aflel Gr40TNUS AOD)o, (WoWa)) 0 HUBSOMo. SBX. (WIDNa)) SvleTmoensad

DIBUD GOd AgON) AXWEMo.
Read the digits at the¥ate of one per second. Administer both trials o{ each item, even if the
first trial is passeri. Discontinue after failure on both trials of any item. Score 1 point for

each trial passed. If subject is unable to repeat 3 digits, go back and test on 2 digits

[DIGIT FORWARD A
Span Trial | P/F Trial Il _ PIE___|Score
2 |47 1-8
3629 375 o
4547 8-3-96 '
5 36925 6-9-4-7-1
6 |9-1-84-2-7 6-3-54-6-2
7 1-2-8-5-3-4-6 2-8-1-4-9-7-5
8 |362-951-74 551-8-2-64-7 ‘
Total Forward (Max. = 12): ’

Instruction for Digits Backward: .
Say Now | am going to say some more numbers, but this time when | stop | want

‘you to say them backwards. For example, if | say 2-8-3, what would say?
Dagaud maad afles arsecId anT]o. (LOAWa] 0auA.00ame, amar wla)) srlcTmoeism
@I @aat a2 ( aloaksd miml ejemmag agam olmlaksl ) agon) Axeatie.
20331 aOIM 2-2-1 AN @B A ax R @288 ) M AGON) AXTjo?

If the subject responds correctly, say that’s nght

~ wekamTagmy e
and proceed to Trial I. If the subject fails the example, say no, | said 2-8-3, so to say them

backwards you wouid need to say 3-8-2. Now try these numbers. Remember you

are to say them backwards. Ready? 1-5-8.
AQ). WIM ARG 2-8-3 QMM TG QS (H2TIKD AXTMOR 3-8-2 A OM3ANa.

om @1 aesesTd (Wsd). A@ld (LocmlenaT anooara ngmT @sdes)a. aoawl;

1-5-83
Give no help on this second example or any of the trals that follow. WQe_lher the subject

passes or fails wilh the second example, proceed to Trial . Read the digits at a rate of one
per second. Administer both trials of each item, even if the first trial is passed. Discontinue
after failure on both trials of any itsm. Score 1 point for each trial passed.

DiGIT BACKWARD o :
Span Trial | P/F Trial ll P/F Score

2 |51 38

3 |493 526

4 (3814 1-7-9-5

5 [6-29-72 4-8-5-2-7

6 |7-1-5-2-86 : 8-3-1-9-6-4

7 |47-39-1-28 8-1-2-9-3-6-5

Total Backward (Max, = 12):

Overall Total (Max. = 24):[ ]

. Highes! number of digils for which score on Digils Forward was 1 =DIGIT SPAN FORWARD =[:

Highesl number of digits for which score on Digils Backward was 1 = DIGIT SPAN BACKWARD =[:j

Providl

SLTHST ¥MS R Ol Span. ver Aty 2000
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WISCONSIN CARD SORTING TEST

TRN..c........ NAME.....coovommemmem
WCST DATE....cooueemmmmerson,

RULES

RESPONSES

Errors ]
Perseverations -
TOTAL .

categorys passed-




FRENCHAY’S APHASIA SCREENING TEST (FAST)

ADMI.\IS] RA i IO.\ POR.\I

MATERIALS REQUIRED
afl®ae  @R@1eM @S SS QUM  SHIBWHB)o,

OaIBIVIED, Galafd, GIYOR] QUajfemueeng malw)es
QI0a].
(oaslee)d:  BOOW  BERS  2alcInen)MOWE1wd

Wa15)EM20  af)M)  alC1GUOOWIEe)dE:. eooules mErRUd
AlOQ)M@ QUIE®ROW] EHUBEHI af)aM) D0a)AICYOT)S.

Comprehension:

cooUlow MEI)ES GBS ©IeM1Ee)d, afa5 aloW)d.
2NOEDIEE MG AOWYME@ AUSHO (VELEWINS BHSIS
LOWMEBBUD 2l ENE1EHW OO B>

NDOIW  BEOAIDBHOMOTIMo 1 GalORIF M),
mBe3UvEBRUD @UdOTIeeeME] QUmMOE  e®Qow
@OSWOBORS) T . TUaNIWo E)SIO® (VIO HDQYBUD
@0)OD)E&WIOEMEGE VAW ERSWISHASIOTI) .

aeod aelwl 0 -10

(a) River Scene
aldl’leimo: ME] 2l 06m1ee)d:.

2oIm) MIEHIB MEBEHMMLL. H2IGQME  &HI0L0 af)(O

s)m)(mg ammilengymomalen mldeguie @RUATDEe)E:
@6NIoS’ 213eMElEnoemkeng S

Qmé&)@o@gs’km QyeRio algaélenoemiengd

a! R Slemio ERSIBMWZo 2IZMELENOERNZS

4. 0@ZASWB-BRED LsMZS00IZo oflaD Edielgo
2136Mélenoamilengss

5.  aloRIOBMAlSIo3 288 @ocoallnm
a1Z36MEkEN0EMlEnNgs BIGMI AERDIEONOINZBY BsFAD*-
22! S08Mlgi3ME@ZSs.

b) Shapes
al@luleimo: (QITIme 2igeMBkEnNOaTlEngss)

(6EOUles) aMaPlanqige QNG G AIBOITIENZE)

1. aUReIMZEo 2IgeNElEnoemlegas

2. @208 olgendkenoamilengas

3. @RMNIZo AVAAMIBQIZo aIgENEENOEMOLEZS

4. QLQAMZEQIZ0, BS0MZo BRABEDAUDIMAUZo
2136NElER0emlEnge:

5.  SABINHMENINE! (@Rl) BINOANIANDZo
BRBED 2A(MBHMBNONE BOOANZANDZo
2136MEkER0aMILENZSs «

Expression

el MEIW)6S afl@o $36Mlaflg) aloW)d, 0D
2N@OODIE HEMYMN &HIOJEERUD &HFIWYM@)Ealoeel
alaueles)&.

m)c.a,od& @80l /aiclu 0-5

0- &0 wcioyaienwie eald IGO0V aloWO
Blyanlel.

1- 1-2 anio)ee8)es Gald) al0aom).

2 - 3-4 aalo)se8)es ald) ai0smm).

3-  5-7 amimeng)es Gald) alosom).

4- 89 amimeeg)es Gald) al0W)@®HEDO QIO J68303,
QUOaIB6ERU DaICWOIWIENE:EI HalQd: af)(MIGD

@RIVIWIREMBIW (alhSMo (BN MVoMOCE G
Man)s@)00], Qalloagpom  alyeUyMmEERUD)

5-  QUal®sERS)o (I RS0 Datewouilese 10
UNT®EHS)OS Gald alOW)ds, MVIVEIANBAIW (ald:SMo
afll@o 2oGl@IM)EWDAY0, M MleErREd AIyO;M RO &0

0030 £21Q)0d BalOdh B @OOEM ) 80oWIOW
@ROIee)H.  @ROIMEate &0 aknlg TeEDIMm)
28l af)@CTmOgo VOGBBESYOS  Gald  alOWOGRO

@OOEODOB0 AlOWOIM al0W)d. FOIW] Moo AlOW)

&WOEME; 1D QUSAOE)BYNEBRS)0, QUM a{»EEBES)0
21B9aS)AN gD  ®EOTERIW)0 BYOTBOSWo  al0W&0
ag)a) ANNEIBTEN) . @)SO® H)0a] 2EM OGS
SHMEAUOW 20(@20W] alo@O}O®M)0 @ROIWIEe) . GO
@REIOOD BOCHIOM Gald AlOSTD) @)SEER)ETUIE e

awo emoessme®mas 60 emvesa armaiclee)s.

Mesod aelwl 0-5

0 - emo alosmOIgy

1 - 1-2 cao)dud aloswm)

2 .- 3-5 ca)®Ud aloswm).

3 - 6-9 calm)&UD alosTID).

4 - 10-14 cai0)dud al0so).

5 - 15 eregieled @@ &)S)OEd.
_ Reading

~ 6000 QOWIEHB DaleOUlee)a SHEMS  Welaflg)Eanzo

agm  quolele:clens. ceovle® mEles  alll®a)oe

QU6 UIMSS Glapklnblgn] &0BW)o

06186 B.0BWIEB af)9)WIBIEH)M QIdaldo AMMUIGD

olafls (22J00IE3 @RYY) @R OaIT®) @EMIBeM

@RAIIOASIE:  OSBIMS8  H»Idw)e  @pemIoIWEd

©21Q)) 6.

Me08 aldlwl 0-5 1WEWIW (aIBB:EMEINY BOEO

qUEHID MY .

Writing

mE1W)eS all®o &0sMafls aloW)d: all@EWIE3 &osm)am

o063 HFIW)MISEEmose  AlEI®dla]  ag@y@)&:.

coonled  ammiandymlegmled, alleemlad  &osm)mm

agomEmleo  afPI@IM  @BAINIHAS)B.  af Y@M

Oale@ouilenam 06D EHE 00QIBHLIJ0 Mo

alaflg)emes]ed aeQ 60 Qalewiuila] af9y@Im  (voal

©60M GOIVIEWIS ERYAUUDJOAIESMEMIEM. GOIUT ag)$)@1T)

MROD)HWONEMEBITD ) PYMAOMSS  Blald@TVIaNMo

MEBEHM2®OE.

aloaow] 5 2lmlg Mawo @eMAIGIEHE:.

0- oo @aOMmSS (LvRo MSTeWEslale
@RM)EWIRJAICWI/ QUIESMAIGWI AUUIEH)BUD
9a1cINEOIDNTIEE) &>,

1- @pmM)ewIRIEOW 1-2 AVEe)EWD agP)®)d:.

2 - 3 wnio)ee8)es Gal@ / AGM20 MBIMI UM BSOS

Gald 2UBOASITHIWSS QU So.

3 - Grexoeng OO 4 UNEH8)es  Gald
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Interpretation
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Age Raw Score
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LOGICAL MEMORY - WECHSLER MEMORY SCALE- REVISED

WMS — R: Logical Memory Test

MALAYALAM
NAME: HOSP.NO.: _
D.O.B. TESTING DATE(S):
AGE: EDUCATION (YEARS):

Handedness: Proficient Language:

Tell the subject | oo 6B B WD Calde &I, (VAWIS

0B BeEMo, HIBTTD QU KHEHENO.TRONOMERANa] Alm$ cassaleqo. Now read Story-|

)0 AJOSTR bLO &FHDVYTDI®

slowly and clearly only ONCE. Ask the subject to
Record response in the Imm. Recall space. Do the same

f appropriate time) by asking
£200XMIR] AlOWICRI7

Q2BEHMT )OS AN
for Story-1l. Test for delayed recall (after passage 0
the subject @)0MI AJOETTTD) OENZ) HLOHDY0 QodeRW)06MIT @RA ©6M2)0

If the subject is unable to remember the story give the appropriate cue.

Story-I
omaem | ao)ek@mim8s [/ &
omo9 Y3 Hug). | @eer exml [ @ Ok esaRjomd [ @
ool / wRBa®) B)a) | ®SOWS)ET] / @) soe ansoefiay / aquaumiad / @ooud
Ao M3 | Gpaded MIeT / Panlw o.gmé;mi Jose | ma@daligly / oaz)
Aunes! [ qRUW GRaN0te HYajislgl / @RUReS o0 oas' amqyeley /
G100V} 0B [TRABSE [ d)0a] aliMo apeudla) madal [

’

.

Wm0 [ H@ Hauml @anlmksd [/ apemoml /
N DSETTD)

Imm. Recall

oo

Del. Recall minutes)
Cue given: Yes / No

Cue: @ &0 8@ M@IW}OS OalTy mo&s\maws;aﬂm]omaa&gow\mml

PTO
SCTIMST, WMS-R Logrzal Momary. ver Ju2y 2000 Pege 102
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Story i

sz / DADSAYQISD [ ‘TG’ /M 0323 ES e | @895 ) | cxaicd /
oRBesImadm) / cuee/ aemm)o 053508 90)0 GG A]s‘xﬁ:;u | @o5O™ / curlemy [/
M@ 85860 | @RO}IE | WAGENIDOD]o /| MS}&seiT | @leervesled @slamose /
GRSk eieumkea / asuog)s ol / GELYOSITW] [ allegim) conlses [ GROER DD
m)nﬂooﬁen@ | @0 [ ©&LoeEYIM).

Imm. Recall 123
Del. Recall (____minutes) .

Cue given: Yes / No

Cue: oD o e’aos;aomm 8nl3 O@ dajeilom &olajoed

Immediate Recall Total Score: S
Delayed Recall Total Score: [:j

PTO
SCTRIST, WS R Logreal Memory, vor by 2000 Pega20ct2

4
it
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VISUAL OBJECT AND SPACE PERCEPTION BATTERY (VOSP)

Position Discrimination Cube Analysis
SLNo ;;itgi:)‘; SL.No ;;iﬁ';;
1 R 3
2 L 3
3 L 1 6
4 R i 2 *‘5
5 R 3 5
6 L 4 4
i L 5 6
8 R 6 9
9 L 7 9
10 L 8 8
11 L 9 8
12 R i 10 10

13 L
» R Total Score
15 L
16 R
17 R
18 R
19 L
20 L
Total Score
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INSTITUTIONAL ETHICS COMMITTEE CLEARANCE

st R Rt amgfism sik sl wvam, Prsm
Rrea=agwa - €409, Ivar, SR

SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM
Thiruvananthapuram - 695 011, Kerala, India
(An Institute of National Importance under Govt. of India)
Grams : Chitramet, Phone : +91-471-2443152, Fax : +91-471-2550728 / 2446433, E-mail : sct@sctimst.ac.in,

Website : www.sctimst.ac.in

Institutional Ethics Committee
(IEC Regn No. ECR/189/Inst/KL/2013/RR-16)
SCTAEC/1287/0CTOBER-2018 27.11.2018
Dr. Kshiteeja Jain
Senior Resident
Department of Neurology

SCTIMST Thiruvananthapuram

Dear Dr. Kshiteeja Jain,

The Institutional Ethics Committee reviewed and discussed your application to conduct the study entitled “COGNITIVE
OUTCOME FOLLOWING BILATERAL SUBTHALAMIC NUCLEUS DEEP BRAIN STIMULATION IN PARKINSON'S DISEASE: A
COMPARATIVE OBSERVATIONAL STUDY IN THE INDIAN POPULATION (IEC/1287)" on 26™ October, 2018.

The following documents were reviewed:
Original submission

Covering Letter addressed to the Chairperson, IEC, SCTIMST with checklist
TAC Approval Letter

IEC Application Form
Project Proposal
Proforma
Informed Consent Form in English and Malayalam for patient with DBS
Informed Consent Form in English and Malayalam for patient on medical management
Patient Information Sheet in English and Malayalam
CV of Principal Investigator and Co-Principal Investigators

OXNDIO A W=

Revised submission

Covering Letter addressed to the Chairperson, IEC, SCTIMST date 17.11.2018 with checklist
TAC Approval Letter

IEC Application Form

Project Proposal

Proforma

Informed Consent Form in English and Malayalam for patient with PD and DBS

Informed Consent Form in English and Malayalam for patients with PD on medical management
Informed Consent Form in English and Malayalam
Palient Information Sheet in English and Mala yalam
CV of Principal Investigator and Co-Principal Investigators

,3.‘0.00,\:.0;;.»#!-1!\37*
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The following members of the Ethics ¢

G. Parthasarathi Board Room, AMCHSS, SCTIMST

ommittee were present at the meeting held on 26t October, 2018 at

SL.  Member Name

o Highest Degree Gender  Scientific /Non Scientific  Affiliation with
- Institution(s)
1. Dr.RV G Menon M Tech, PhD Male Lay Person No
(Chairman)
2. Dr.RemaM.N MD Female  Basic Medical Scientist No
3. Smt. Sathi Nair MA (English Literature) ~ Female  Lay Person No
4.  Dr.KalaKesavan. P MBBS, MD Female  Basic Medical Scientist No
5. Dr. Harikrishna Varma PR Ph.D( Materials Science) Male Medical Technology Yes
6.  Dr. Christina George MD Psychiatry Female  Clinician No
7. Dr.SSGiri Sankar LL.M. Ph.D. Male Legal Expert No
8.  Dr.Aneesh V Pillai BA.LLB (Hons.), LLM,  Male Legal Expert No
Ph. D, SET (Law)
9. Mr. Satheesh Chandran ~ MSW, PGDPM Male Lay person/ NGO/ Social ~ No
Scientist
10.  Dr. Harikrishnan S MD, DM (Cardiology) Male Clinician Yes
DNB (Cardiology)
11.  Dr. Anand Kumar A MD, DM Male Clinician No
12.  Dr. V. Raman Kutty M D, M Phil, MP H Male Health Sciences Yes
Expert/Clinician
13.  Dr. Mala Ramanathan PhD Female  Social Scientist Yes

(Member Secretary)

|IEC Decision -

The IEC approved the conduct of the study in the present form.

Remarks: :
The Institutional Ethics Committee expects to be informed about the progress of the study, any SAE occurring in the

course of the study, any changes in the protocol and patient information/informed consent and asks to be provided a
copy of the final report.

There was no member of the study team who participated in voting / decision making process. The ethics committee

is organized and operated according to the requirements of Good Clinical Practice and the requirements of the
Indian Council of Medical Research (ICMR).

Sincerely,
Mala Ramanathan —

Member Secretary, IEC

Page 2 of 2
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