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Abstract: BackgroundBackground: Deep brain stimulation (DBS) for Parkinson’s disease (PD) is generally contraindicated
in persons with dementia but it is frequently performed in people with mild cognitive impairment or normal
cognition, and current clinical guidelines are primarily based on these cohorts.
ObjectivesObjectives: To determine if moderately cognitive impaired individuals including those with mild dementia could
meaningfully benefit from DBS in terms of motor and non-motor outcomes.
MethodsMethods: In this retrospective case-control study, we identified a cohort of 40 patients with PD who exhibited
moderate (two or more standard deviations below normative scores) cognitive impairment (CI) during
presurgical workup and compared their 1-year clinical outcomes to a cohort of 40 matched patients with
normal cognition (NC). The surgery targeted subthalamus, pallidus or motor thalamus, in a unilateral, bilateral or
staged approach.
ResultsResults: At preoperative baseline, the CI cohort had higher Unified Parkinson’s Disease Rating Scale (UPDRS)
subscores, but similar levodopa responsiveness compared to the NC cohort. The NC and CI cohorts
demonstrated comparable degrees of postoperative improvement in the OFF-medication motor scores, motor
fluctuations, and medication reduction. There was no difference in adverse event rates between the two
cohorts. Outcomes in the CI cohort did not depend on the target, surgical staging, or impaired cognitive
domain.
ConclusionsConclusions: Moderately cognitively impaired patients with PD can experience meaningful motor benefit and
medication reduction with DBS.

Deep brain stimulation (DBS) is an effective treatment for many
of the primary motor symptoms, and secondary motor fluctua-
tions, associated with Parkinson’s disease (PD).1–3 This is accom-
plished by implantation of electrical stimulation leads in one of
several subcortical targets, most commonly the subthalamic
nucleus (STN) or globus pallidus interna (GPi), and less com-
monly ventral intermediate nucleus of thalamus (Vim). DBS can-
didacy is determined through a rigorous interdisciplinary

workup, which includes a comprehensive neuropsychological
evaluation, to inform the risk–benefit ratio of pursuing surgery.

One major goal for comprehensive cognitive evaluation in
pre-DBS workup is detection of an underlying or prodromal
major neurocognitive disorder/dementia.4 The general preva-
lence of dementia in persons with PD is close to 30%, with an
incidence rate four to six times higher than the age-matched
general population.5 Idiopathic PD dementia typically presents in
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more advanced disease, along with axial signs and symptoms
(impairments of gait, balance, speech and/or swallowing) that
contribute to poor quality of life and are usually refractory to
DBS.6–9 If found earlier in the disease, dementia may indicate an
atypical parkinsonian condition for which DBS is not
indicated.10

Significant cognitive impairment is generally contraindicated for
DBS as surgical risks of may outweigh potential benefits.11,12

Patients may not be able to meaningfully participate in DBS proce-
dures which could result in inaccurate lead placement or suboptimal
device programming. There could be an increased difficulty in safely
implanting the electrodes due to cerebral atrophy.13 There is also
concern that patients with impaired cognition may be at risk for
accelerated cognitive deterioration,14 which could worsen their
quality of life more than any motor benefit would improve
it. Lastly, it has been reported that patients with cognitive impair-
ment are at increased risk for surgical complications such as postop-
erative confusion,15 prolonged hospitalization post-DBS,16 and
higher rates of nursing home admission.17

Standards for clinical improvements after DBS and rates of
complications have been established largely from controlled clini-
cal trials; however, these studies only included patients with nor-
mal or mildly impaired cognition frequently defined by total
Mattis Dementia Rating Scale (DRS-2)18 score above 130.19–21

Mild cognitive impairment (MCI) is prevalent in the PD popula-
tion, and most patients undergoing DBS have some form of
MCI.22 Patients with MCI have been shown to functionally
benefit from DBS, although certain cognitive deficits may pre-
dict prolonged hospitalization.23 Whether a single test such as
DRS-2 can predict DBS outcome has been controversial.24,25

Much less is known about DBS outcomes in patients with
moderate cognitive impairment, including those with mild
dementia. Clinical diagnosis of dementia requires cognitive
decline severe enough to impair daily life so establishing the
diagnosis relies on patient or caregiver report.26,27 Moderate cog-
nitive impairment is not a clinical diagnosis, but it can be used to
describe patients whose performance on neuropsychological test-
ing is sufficiently impaired to suggest some degree of functional
difficulties in daily life.28 DBS clinical trials have typically used
DRS-2 score below 130 to define this group.24,25 Montreal
Cognitive Assessment below 20–23 is also indicative of possible
presence of dementia in a PD population.29,30

A prior study has demonstrated that there are still meaningful
motor improvements in persons with moderate cognitive impair-
ment who underwent GPi DBS.31,32 This suggests that cognitive
status alone should not preclude DBS candidacy, but this has not
been sufficiently studied.33 Expert consensus is that in select
cases, it may even be appropriate to offer surgery to a patient
with frank dementia for palliative purposes (e.g., severe dyskine-
sias, tremor with a high chance of improvement).7,34

In the present retrospective single-center case–control study,
we report on motor and functional clinical outcomes in a cohort
of patients with PD with moderate cognitive impairment
(i.e., falling between MCI and frank dementia), and compare
them to findings in a group of patients with PD who were cog-
nitively normal (not MCI).

Methods
Patient Selection
The Emory Institutional Review Board approved this study, and
written consent was waived.

Cognitively Impaired (CI) Cohort

We queried a clinical DBS database to identify patients with PD
who had their first DBS surgery at Emory University from 2008–
2019 and who had moderate cognitive impairment based on their
preoperative neuropsychological battery in one or more cognitive
domains (Attention, Executive, Memory, Language, Visuospatial,
and Fluency). A domain was considered moderately impaired if at
least one test score (or at least two for Memory) was two or more
standard deviations below the normative mean. Mild impairment
was defined as one to two standard deviations below the mean, and
performances less than one standard deviation below the mean were
considered normal.35 Additionally, there needed to be at least two
abnormal tests overall for a patient to be classified moderately
impaired. We excluded patients who had poor performance due to
language barrier (n = 2), intellectual disability (n = 1) or whose
detailed neurocognitive scores were unavailable (n = 2). This
resulted in a final cohort of 40 patients (out of 348 PD patients who
received surgery during this period). On the basis of consensus of
the entire DBS team, patients that did not proceed to surgery (and
thus not included in this cohort) were those: (1) with frank demen-
tia on preoperative testing (based on neuropsychologist evaluation)
and (2) with moderate cognitive impairment but with poor poten-
tial for motor improvement.

For each cognitive domain, two scores were evaluated (four
for Memory) and, since the batteries evolved over time, different
tests were considered if the first two scores were unavailable.
Tests and alternates utilized: Attention: Wechsler Adult Intelli-
gence Scale-IV (WAIS-IV) Digit Span subtest—forward span
(scaled score), Trail Making Test—Part A.

(T-score), Dementia Rating Scale-2 (DRS-2) Attention Index
(scaled score); Executive Function: Trail Making Test-B (T-
score), Wisconsin Card Sorting Test Total Categories (raw
score), DRS-2 Conceptualization Index (scaled score); Language:
Boston Naming Test-2 Total Score (T-score), WAIS-IV Vocab-
ulary subtest (scaled score), Wechsler Abbreviated Scale
Intelligence-II (WASI-II) Vocabulary subtest (T-score); Mem-
ory: Rey Auditory Verbal Learning Test (RAVLT) Learning Tri-
als 1–5 (z-score), RAVLT Delayed Free Recall (z-score),
Hopkins Verbal Learning Test-Revised (HVLT-R) Learning
Trials 1–3 (T-score), HVLT-R Delayed Free Recall (T-score),
Wechsler Memory Scales-IV (WMS-IV) Logical Memory I
(scaled score), WMS-IV Logical Memory II (scaled score),
DRS-2 Memory Index (scaled score); Visuospatial: Judgment Of
Line Orientation Total corrected score (percentile), WAIS-IV
Block Design subtest (scaled score), WASI-II Block Design sub-
test (T-score), DRS-2 Construction Index (scaled score); Flu-
ency: Semantic fluency—animals (T-score), Controlled Oral
Word Association Test (COWAT)—FAS (T-score).
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Normal Cognition (NC) Cohort

The NC cohort was chosen by matching patients with normal
cognition to each patient in the CI cohort. Normal cognition
was defined as normal clinical assessment (reviewed by C.K.B.)
and no more than one test in the battery that was more than one
standard deviation below a normative score (so patients who ful-
filled criteria for MCI were excluded36). Patients were matched
on age, gender, disease duration, DBS surgical target, surgical
method (awake with microelectrode recordings or asleep in
interventional MRI), surgery staging (bilateral, staged or unilat-
eral) and year of initial surgery. The matching was performed
using an automated algorithm that minimized the sum of variable
differences between individual CI and NC patients (continuous
variables were normalized from 0–1).

Clinical Outcome Indices
A retrospective chart review was performed to collect data on
demographics, disease duration, medications, preoperative baseline
UPDRS subscores, the DBS surgical target (STN, GPi, Vim), stag-
ing (unilateral, bilateral, staged), surgery method (awake or asleep),
and number of surgically relevant comorbidities (hypertension, dia-
betes, anticoagulation use, coagulopathy, immunologic conditions/
treatments, seizure history, and smoking). Clinical outcomes were
measured by postoperative adverse events (up to 18 months post-
surgery) and follow up UPDRS scores and medication dosages at
the most comprehensive clinic visit (where medication OFF, stimu-
lation ON examination was performed and non-motor UPDRS
scales completed; 3–18 months after first surgery). Repeat neuropsy-
chological assessment was not routinely performed after surgery.

Patients were evaluated with one of two versions of UPDRS
as clinical practice changed in 2017, and “new” Movement Dis-
orders Society-UPDRS (MDS-UPDRS) scores were converted
to “old” scores using published methods.37 UPDRS subscores
were analyzed separately and included: part 1 (“Mentation,
behavior and mood”), part 2 (“Activities of daily living”), part
3 (“Motor examination”) and part 4 (“Complications of Ther-
apy”). When UPDRS part II was reported for medication OFF
and medication ON states, the scores were scaled by the percent
time that patient reportedly spent in the medication OFF state,
thereby yielding an average estimate of function during the day.
This is similar to MDS-UPDRS part II administration, thus all-
owing comparison. For medication OFF exams, patients with-
held dopaminergic medications overnight (typically 12 hours for
short formulations; long-acting formulations were held for
24 hours). For stimulation ON exams, DBS settings may have
been reprogrammed during the visit based on clinical need, and
there was approximately 15-minute wash-in period before the
documented examination. For medication ON exams, patients
took their regular morning dose of PD medications, and
exams were performed after the onset of action (typically
30–90 minutes). Levodopa equivalent daily dose (LEDD) was
calculated using the standard conversion formulas.38

Adverse events (within 18 months from surgery) were catego-
rized based on type: Intracranial (including symptomatic or

asymptomatic hemorrhage, symptomatic pneumocephalus,
abscess, and ischemic infarct), Complete or partial hardware
removal because of infection/erosion, Lead revision due to
migration/misplacement or electrical malfunction, Hardware
problems not resulting in interruption of therapy, Neurologic,
Psychiatric and Medical.26 Adverse events were included if it was
determined (by M.P. and S.M.) that they were probably or pos-
sibly related to surgery or stimulation. Serious adverse events
were defined as those that prolonged post-operative hospitaliza-
tion, required re-hospitalization or repeat surgery (even if hard-
ware was not removed) or resulted in permanent disability.

Statistical Analyses
Baseline demographics and clinical outcomes were compared using
a two-sample t-test for continuous variables and Fisher exact test
for categorical variables with P-value less than 0.05 considered sig-
nificant. Reported are means � one standard deviation. For each
clinical outcome (UPDRS part I, part II, part III meds OFF, part
3 with meds ON, part 4, and LEDD), separate generalized esti-
mating equations (GEEs) with exchangeable correlation and robust
standard errors were used to estimate the change between baseline
and follow-up in each cohort and to assess whether the change
differed between cohorts (using interaction term between time
period and cohort) while controlling for age, education, gender,
target and surgery staging using the R-package GEEpack.39

P-values were corrected for multiple comparisons using the
Benjamini-Hochberg method40 and significance assessed at false
discovery rate equal to 0.05 accounting for 18 comparisons
(6 outcomes � 3 tests per outcome [baseline vs follow-up in
CI, baseline vs follow-up in NC, and the interaction]).

To investigate if target choice (GPi vs STN) or surgical staging
(unilateral/staged vs bilateral simultaneous) had an impact on clinical
outcomes in the CI cohort, we built separate models to examine
interaction effects. For target choice, we created GEEs for each of
the six clinical outcomes restricted to the CI cohort with exchange-
able correlation to examine the interaction between time period and
target (restricted to GPi or STN given very few Vim cases) while
controlling for gender, age, education and surgery staging, and
accounting for 18 comparisons. We created six additional models to
examine the interaction between surgery staging and time period in
the CI cohort while controlling for gender, age, education and target.
To examine whether clinical outcomes in the CI cohort were modi-
fied by a specific cognitive domain impairment, we defined a binary
measure of impairment and created a separate model for each domain
to examine an interaction between the domain and time period.

Results
Demographics
The analysis included 80 patients with PD who underwent DBS
surgery at a single center: 40 patients in the moderately cognitive
impaired (CI) cohort and 40 patients with normal cognition
(NC; Table 1). Despite matching the NC to CI cohorts, the CI
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cohort was less likely to receive STN stimulation or bilateral
simultaneous implantation, and there was a trend toward older
age. This is consistent with our institutional approach in which
we have favored GPi and staged lead placements in patients of
advanced age and cognitive impairment while favoring bilateral
STN in younger cognitively intact patients.

Neurocognitive Profile
Neurocognitive characterization was based on a comprehensive
neuropsychological battery. As expected, the CI cohort had
lower DRS-2 total score compared to NC cohort (Table 1). In

the CI cohort, a minority of patients (15%) had moderate
impairment in a single cognitive domain while a majority (85%)
was moderately impaired in multiple domains (Table 2). Ten
patients retrospectively fulfilled criteria for dementia diagnosis
given documented functional impairment reported by the patient
or a caregiver during baseline neuropsychological evaluation.27,41

Post-Operative Adverse Events
The hospitalization duration was comparable between cohorts
(Table 3). Overall, 26 (65%) patients in the CI cohort and
20 (50%) in the NC cohort experienced at least one surgery- or

TABLE 1 Baseline patient characteristics

Moderate Cognitive
Impairment n = 40 Normal Cognition n = 40 P-value

Age 66.6 � 8.0 62.9 � 10.0 0.066

Gender (M/F) 35/5 33/7 0.756a

Disease duration (yrs) 11.1 � 4.8 11.6 � 5.6 0.655

Education (yrs) 13.4 � 3.4 15.5 � 2.6 0.002

DRS-2 score 126.3 � 8.7 139.3 � 3.3 <0.001

UPDRS I 3.1 � 2.0 1.9 � 1.4 0.004

UPDRS II* 17.8 � 7.8 13.9 � 6.7 0.019

UPDRS III off med 42.2 � 12.5 35.6 � 10.4 0.012

UPDRS III on med 18.7 � 9.5 14.9 � 8.8 0.078

UPDRS IV 6.2 � 3.5 7.1 � 3.1 0.246

LEDD (mg) 1238 � 631 1410 � 771 0.279

UPDRS part III change with medications 56 � 16% 59 � 15% 0.513

DBS target 0.007a

STN 12 (30%) 25 (63%)

GPi 22 (55%) 15 (37%)

ViM 6 (15%) 0 (0%)

Surgery staging 0.013a

Bilateral simultaneous 5 STN, 1 GPi (15%) 9 STN, 8 GPi (43%)

Unilateral 6 STN, 16 GPi, 4 ViM (65%) 12 STN, 7 GPi (47%)

Staged (within 1 yr) 1 STN, 5 GPi, 2 ViM (20%) 4 STN (10%)

Surgery method 0.494a

Awake with MER 22 (55%) 26 (65%)

Under anesthesia in iMRI 18 (45%) 14 (35%)

Number of surgical risk factor comorbidities 0.9 � 0.8 0.6 � 0.7 0.052

Baseline to follow-up (mo) 15.9 � 5.4 16.7 � 4.9 0.487

Surgery to follow-up (mo) 10.4 � 4.0 11.1 � 3.7 0.400

Note: p = <.01
Abbreviations: MER, microelectrode recordings; iMRI, interventional MRI.
a2 � 2 Fisher exact test (STN vs GPi/ViM; Bilateral vs Unilateral/Staged).
bcombined score off and on medications (see Methods).
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stimulation-related adverse event within the first 18 months.
Serious complications were reported in 16 (41%) and 14 (35%)
of patients in the CI and NC cohorts, respectively. The CI
cohort experienced a higher number of intracranial events and
more instances of postoperative confusion and hallucinations;
however, the differences were not statistically significant.

One patient in the CI cohort experienced clinically significant
cognitive decline following surgery which was confirmed on
repeat neuropsychological evaluation (DRS-2 score declined
from 132 preoperatively to 116 at 7 months postoperatively).
Another patient in the CI cohort was readmitted for syncope
and altered mental status following surgery and died at 4 months

TABLE 2 Baseline cognitive profile of the moderately cognitively impaired cohort by domain (n = 40)

Cognitive domain Moderate domain impairment # (%) Mild domain impairment # (%) Normal domain # (%)

Executive 34 (85%) 3 (8%) 3 (8%)

Memory 26 (65%) 9 (23%) 3 (8%)

Attention 23 (58%) 8 (20%) 9 (23%)

Fluency 15 (38%) 16 (40%) 9 (23%)

Visuospatial 9 (23%) 12 (30%) 19 (48%)

Language 5 (13%) 18 (45%) 17 (43%)

Note: p = <.01

TABLE 3 Number of patients experiencing adverse events (AEs) within 18 mo of surgery and duration of hospitalization for lead implantation
surgery

Moderate Cognitive
Impairment n = 40

Normal
Cognition n = 40

Hospital stay (days) 1.3 � 0.6 1.4 � 0.9

Number of patients with any AEs 26 (65%) 20 (50%)

Number of patients with serious AEs 16 (41%) 14 (35%)

Intracranial (symptomatic or asymptomatic hemorrhage,
symptomatic pneumocephalus, abscess, ischemic infarct)

n = 6
1 symptomatic hemorrhage
3 asymptomatic hemorrhages

1 asymptomatic infarct
1 abscess

n = 3
1 symptomatic hemorrhage
1 asymptomatic hemorrhage

1 pneumocephalus

Complete or partial hardware removal because of infection/
erosion

n = 2 n = 2

Lead revision due to migration/misplacement or electrical
malfunction

n = 3 n = 1

Hardware problems not resulting in interruption of therapy n = 6
0 with surgical intervention

n = 9
3 with surgical intervention

Neurologic AEs, possibly or probably related to surgery or
stimulation

n = 10
1 cognitive decline
6 transient confusion
2 generalized weakness
1 speech difficulty

n = 7
1 transient confusion
3 generalized weakness

1 transient facial weakness
1 dyskinesia
1 paresthesia

Psychiatric AEs, possibly or probably related to surgery or
stimulation

n = 4
new/worsened hallucinations

n = 1
prolonged delirium

Medical AEs, possibly or probably related to surgery or
stimulation

n = 3
1 death at 4 mo (hospitalized

for altered mental status)
1 pyelonephritis
1 pain and nausea

n = 5
2 deaths at 9 and 17 mo

(unknown causes)
2 chest pain
1 incontinence
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postoperatively (unknown cause). Six patients in the CI cohort
had transient cognitive worsening in the first 1–2 postoperative
months typically reported by a family member (2 improved after
non-PD medication adjustment, 1 after infection treatment, and
3 spontaneously). One patient in the NC cohort had prolonged
delirium with transient cognitive worsening after discharge and
died at 17 months postoperatively (unknown cause).

Changes in UPDRS Subscores
and Medication Doses
The average time to follow up was approximately 1 year after
surgery and comparable between the cohorts (Table 1). All
patients did not have all UPDRS subscores available, thus the
number of patients that contributed data is reported for each sub-
score (Table 4). When comparing patients who underwent more
comprehensive evaluation at follow up (i.e., who filled out non-
motor scales and were examined off and on medications) com-
pared to those who underwent limited evaluation, there were no
differences in their preoperative characteristics or follow up part
3 medication OFF/stimulation ON score. Therefore, we utilized
all available data for statistical comparisons between baseline and
follow-up (Fig. 1; Table 4).

Both cohorts experienced significant improvement in
UPDRS part III medication OFF (stimulation ON) score and
LEDD at follow up (P < =0.001 in both CI and NC, P-values
are FDR corrected) as well as a decrease in UPDRS part IV
(P = 0.048 in CI, P < 0.001 in NC, Fig. 1; Table 4). The mag-
nitude of averaged UPDRS part III score reduction was 15.4

and 15.1 points in the CI and NC cohorts, which surpasses large
clinically important difference estimated in prior literature to be
10.8 points.42 There was no significant change for UPDRS
part I, part II, and part III medication ON score in either cohort.
Overall, the changes in scores and LEDD were comparable
between the cohorts since there were no statistically significant
interaction terms (Table 4).

Predictors of Clinical Outcome in
the CI Cohort
We investigated if target choice (GPi vs STN), surgical staging
(unilateral/staged vs bilateral simultaneous) or type of cognitive
domain impairment had an impact on clinical outcomes in the
CI cohort. As expected, there was a significant reduction in
LEDD for STN but not for GPi target. There were no statisti-
cally significant differences in UPDRS score outcomes between
targets. Both targets reduced part 3 medication OFF score, and
there was a trend toward greater reduction with the STN target
(interaction term P-value not significant after FDR correction;
Table S1; Fig. S1). There were no differences in the adverse
events (not shown). UPDRS part III medication OFF scores and
LEDD improved comparably in patients who had unilateral/
staged surgery or bilateral simultaneous surgery (Table S2;
Fig. S2). There were no differences from baseline in other mea-
sures. There were also no differences in adverse events (not
shown). Finally, there were no differences in clinical outcomes
based on impairment in a specific cognitive domain (not shown).

TABLE 4 UPDRS subscores and LEDD amount at baseline and at follow up for moderate cognitive impairment and normal cognition cohorts

Moderate Cognitive Impairment n = 40 Normal Cognition n = 40
Interaction
(CI vs NC)

BL FU P-value (FDS corr) BL FU
P-value

(FDS corr)
P-value

(FDS corr)

LEDD (mg) 1238 � 631
n = 40

906 � 515
n = 38

<0.001 (0.003) 1410 � 771
n = 40

882 � 644
n = 37

<0.001 (<0.00) 0.142 (0.311)

UPDRS I 3.1 � 2.0
n = 38

3.1 � 1.9
n = 20

0.952 (0.992) 1.9 � 1.4
n = 40

2.2 � 2.5
n = 25

0.383 (0.689) 0.547 (0.881)

UPDRS IIa 17.9 � 7.8
n = 38

17.8 � 6.6
n = 20

0.792 (0.986) 13.9 � 6.7
n = 40

13.2 � 6.8
n = 25

0.867 (0.986) 0.758 (0.986)

UPDRS III off medb 42.2 � 12.5
n = 40

25.6 � 10.3
n = 33

<0.001 (<0.001) 35.6 � 10.4
n = 40

19.2 � 8.5
n = 36

<0.001 (<0.001) 0.877 (0.986)

UPDRS III on medb 18.7 � 9.5
n = 36

18.6 � 8.8
n = 22

0.992 (0.992) 14.9 � 8.8
n = 38

11.9 � 7.0
n = 25

0.056 (0.145) 0.156 (0.311)

UPDRS IV 6.6 � 3.5
n = 38

4.2 � 3.4
n = 20

0.016 (0.048) 7.1 � 3.1
n = 40

4.3 � 2.5
n = 23

<0.001 (<0.001) 0.588 (0.881)

Note: p = <.01. FDR corr. = P-value with false discovery rate correction for multiple comparisons.
Abbreviations: BL, baseline; FU, follow-up.
aCombined score off and on medications (see Methods).
bOn stimulation at follow-up. UPDRS = Unified Parkinson’s Disease Rating Scale.
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Discussion
In this retrospective single-center case–control study, we charac-
terized clinical outcomes (i.e., adverse events, UPDRS scores,
and LEDD) in patients with PD with moderate cognitive impair-
ment and compared them to a matched normal cognition cohort
following DBS surgery at a large academic center. The NC
cohort was included in the analysis in order to benchmark per-
formance of the CI cohort against a group expected to have
optimal DBS outcome. The CI group showed evidence of
motor improvement (lower UPDRS part III off medication and
UPDRS part IV scores) as well as a medication reduction, at
levels similar to patients with normal cognition. Despite the fact
that the CI group had a higher cognitive burden and more
severe disease at baseline, this cohort benefitted from DBS sur-
gery and did not have significantly higher rates of surgical- or
stimulation-related complications—lending support toward their
consideration as DBS candidates.

It is important to note that our CI group was carefully
screened, and only proceeded with surgery based on team

consensus that there was a strong clinical indication, i.e., motor
fluctuations with a robust response to levodopa or medication-
refractory tremor. This highlights our main conclusion that poor
cognitive performance should not a priori disqualify patients
from DBS consideration. A quarter of the patients in our CI
cohort fulfilled diagnosis for dementia41 but the severity was
considered clinically mild and patients were able to consent to
the procedure. Establishing diagnosis of dementia can be particu-
larly challenging in the setting of pre-DBS evaluation when
patients and caregivers may be reluctant to disclose full nature of
functional impairments, or incorrectly assume that patient’s
motor symptoms alone are responsible for their inability to per-
form daily activities. Drawing safe selection boundaries is a chal-
lenge, with even expert consensus meetings struggling to clearly
define cutoffs based on cognitive evaluation.12,14,32

There were no major cognitive changes in the CI cohort
based on stable UPDRS part I scores, but there was heterogene-
ity of outcomes on this measure and missing data. The effect of
DBS on cognition and behavior, particularly with STN stimula-
tion, has been controversial.42 While large, randomized trials do

FIG. 1. UPDRS and LEDD at baseline vs. follow up for moderately cognitively impaired and normal cognition cohorts (medians,
interquartile ranges). See Table 4 for statistical comparisons. UPDRS, Unified Parkinson’s Disease Rating Scale. BL, baseline. FU, follow
up. LEDD, levodopa equivalent daily dose in milligrams.
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not show significant detrimental changes in global cognition
with DBS,3,43 meta-analyses and systematic reviews have shown
adverse effects particularly in the executive cognitive
domain.44–47 These declines in cognition do not necessarily pre-
clude overall improvements in quality-of-life post-DBS.48 We
cannot comment on the possible interplay between cognition
and functional improvement in our study as we did not systemat-
ically acquire data regarding neuropsychological outcomes.

Although the number of patients in the CI cohort who had
intracranial surgical complications or reports of confusion and hallu-
cinations was greater than in the NC cohort, this was not significant.
One CI patient did experience permanent cognitive decline which
could be temporally related to the surgical procedure. Previous stud-
ies have suggested that increased cognitive burden is associated with
adverse surgical outcomes such as delirium15 or prolonged hospital
stay after DBS surgery,16 but overall rates of complications are low
even in cognitively impaired patients, including those with
Alzheimer’s and PD dementias.31,49–51

While motor outcomes showed robust improvement, there
were no significant improvements in UPDRS part II (Activities
of Daily Living) on a group level. This was true for both
cohorts, suggesting that higher cognitive burden was not
responsible for lack of functional improvement seen on this
patient-reported metric. UPDRS part II outcomes were het-
erogeneous with some patients reporting significant gains while
other reported worsening indicating that UPDRS part II may
not be not a sensitive measure for DBS outcomes.23,32,52 A
more comprehensive outcome measure such as a quality-of-life
scale42 or a semi-structured interview eliciting patients’ per-
ceived outcome53 may have been more sensitive, but this was
not available in our study.

Another aim was to parse outcomes of patients in the CI
group based on the DBS target, staging approach and type of
cognitive impairment (by specific domain). In clinical practice
in some centers cognitively impaired patients are rec-
ommended to undergo unilateral or staged GPi rather than
bilateral simultaneous STN DBS to improve tolerability while
still aiming to provide meaningful motor benefit.54,55 In our
study, there were comparable outcomes with both targets and
approaches without differences in adverse events. But we sus-
pect that the study was underpowered in this regard, so this
remains unclear. Prior studies have reported that patients with
visuospatial or attentional impairment have worse post-surgical
results,17,23 but this was not demonstrated in our outcome
measures.

This is the largest study reporting detailed clinical outcomes of
DBS in a cohort of cognitively impaired PD patients. Strengths
of this study include the case–control design and rigorous statisti-
cal analysis examining interaction terms to demonstrate differ-
ences between cohorts and multiple comparison correction.
However, there were also limiting factors. First, our smaller sam-
ple size restricted statistical power in detecting differences in
interaction effects particularly for sub-analyses. Missing follow up
data limited full examination of all potential cognitive and func-
tional outcomes, and lack of repeat neuropsychological/quality
of life measured and caregiver reports precluded more

comprehensive analyses. Another limitation was related to the
non-randomization of DBS target and staging. Finally, our fol-
low up extended to only approximately 1-year post-surgery, and
differences between CI and NC cohorts may become more
apparent with longer follow up.17

In conclusion, this study suggests that moderately cognitively
impaired patients can experience meaningful motor benefit and
medication reduction after undergoing DBS surgery. These
patients should have a clear indication for surgery such as motor
fluctuations with a robust levodopa response or medication refrac-
tory tremor. We argue that this group should be identified on the
basis of a comprehensive neuropsychological battery versus single
composite score. Our results may inform potentially useful criteria
for identifying these patients and suggest expanding cognitive cut-
offs for safe selection for proceeding with DBS. Future studies
should corroborate these findings and investigate possible safe selec-
tion criteria for cognitively impaired patients in a prospective ran-
domized trial, and utilizing patient-centered outcome measures.
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