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ABSTRACT
Background This study aims: (1) To compare cognitive 
and psychiatric outcomes after bilateral awake versus 
asleep subthalamic nucleus (STN) deep brain stimulation 
(DBS) surgery for Parkinson’s disease (PD). (2) To explore 
the occurrence of psychiatric diagnoses, cognitive 
impairment and quality of life after surgery in our 
whole sample. (3) To validate whether we can predict 
postoperative cognitive decline.
Methods 110 patients with PD were randomised 
to receive awake (n=56) or asleep (n=54) STN DBS 
surgery. At baseline and 6- month follow- up, all patients 
underwent standardised assessments testing several 
cognitive domains, psychiatric symptoms and quality of 
life.
Results There were no differences on 
neuropsychological composite scores and psychiatric 
symptoms between the groups, but we found small 
differences on individual tests and cognitive domains. 
The asleep group performed better on the Rey Auditory 
Verbal Learning Test delayed memory test (f=4.2, 
p=0.04), while the awake group improved on the 
Rivermead Behavioural Memory Test delayed memory 
test. (f=4.4, p=0.04). The Stroop III score was worse 
for the awake group (f=5.5, p=0.02). Worse scores 
were present for Stroop I (Stroop word card) (f=6.3, 
p=0.01), Stroop II (Stroop color card) (f=46.4, p<0.001), 
Stroop III (Stroop color- word card) (f=10.8, p=0.001) 
and Trailmaking B/A (f=4.5, p=0.04). Improvements 
were seen on quality of life: Parkinson’s Disease 
Questionnaire- 39 (f=24.8, p<0.001), and psychiatric 
scales: Hamilton Depression Rating Scale (f=6.2, 
p=0.01), and Hamilton Anxiety Rating Scale (f=5.5, 
p=0.02).
Conclusions This study suggests that the choice 
between awake and asleep STN DBS does not affect 
cognitive, mood and behavioural adverse effects, despite 
a minor difference in memory. STN DBS has a beneficial 
effect on quality of life, mood and anxiety symptoms.
Trial registration number NTR5809.

INTRODUCTION
Deep brain stimulation (DBS) in the subthalamic 
nucleus (STN) is an effective treatment for patients 
with Parkinson’s disease (PD) who experience 
response fluctuations despite optimal medical 
treatment.1 In current practice, DBS surgery is 
often performed under local anaesthesia (LA) to 

enable intraoperative neurological testing. This 
is burdensome for patients who are awake during 
frame fixation and burr hole drilling, and have to 
endure clinical evaluations throughout the proce-
dure while being restricted from their Parkinsonian 
medication.2–4

Neurological testing is only one of three methods 
that are used to guide optimal electrode placement, 
in addition to imaging of the target nucleus and 
microelectrode recordings to confirm positioning 
of the electrode in the nucleus. Due to advance-
ments in MR imaging direct visualisation of the 
STN is of sufficient quality to guide electrode 
placement directly. Furthermore, during surgery 
microelectrode recordings can confirm specific 
STN neuronal activity in the preoperatively image- 
based defined target area. Finally, introduction of 

WHAT IS ALREADY KNOWN ON THIS TOPIC

 ⇒ In the GALAXY study, a single- centre, 
randomised clinical trial, the incidence of a 
composite score expressing cognitive, mood 
and behavioural effects after subthalamic 
nucleus (STN) deep brain stimulation (DBS) 
surgery under local anaesthesia was not 
higher than after DBS surgery under general 
anaesthesia.

WHAT THIS STUDY ADDS

 ⇒ This in- depth analysis of the neuropsychological 
and psychiatric data of the GALAXY study 
reinforces the conclusion of the primary 
analysis that the anaesthesia method does not 
affect cognitive, mood and behavioural adverse 
effects.

 ⇒ Both STN DBS performed under local (awake) 
and general anaesthesia (asleep) did have a 
strong beneficial effect on quality of life, mood 
and anxiety symptoms.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This study endorses the current development in 
clinical practice to replace awake DBS surgery 
with asleep DBS surgery for Parkinson’s disease. 
Abandoning awake DBS surgery, which can be 
considered as a burdensome surgical procedure, 
contributes to a more patient- friendly surgical 
treatment of patients with Parkinson’s disease.
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intraoperative imaging facilitates direct confirmation of adequate 
electrode placement. These advancements in the workflow of 
DBS surgery obviate the requirement of neurological testing 
for target determination, allowing for surgery under general 
anaesthesia (GA).2 5 6 In the recent General Anesthesia versus 
Local Anesthesia in stereotaXY (GALAXY) trial, we compared 
bilateral STN DBS under LA and bilateral STN DBS under GA, 
demonstrating that there is no difference between DBS surgery 
under LA and STN DBS under GA with respect to symptom-
atic and functional improvement 6 months after surgery and 
on a composite score for cognition, mood and behaviour.7 In 
the current report, we will describe the cognitive and psychi-
atric outcomes of the patients 6 months after STN DBS surgery 
under either LA or GA in the GALAXY trial. Our objectives are 
to compare cognitive and psychiatric outcomes 6 months after 
bilateral STN DBS surgery under either LA or GA for PD and 
to explore the occurrence of psychiatric symptoms, cognitive 
impairment, quality of life and dopaminergic medication reduc-
tion 6 months after STN DBS in our whole sample. Additionally, 
we try to validate whether a select set of neuropsychological 
tests can predict cognitive decline.8 We expect that the burden of 
undergoing awake surgery (ie, LA) could contribute to the risk of 
adverse effects concerning psychiatric outcome and hypothesise 
that STN DBS under GA would reduce cognitive and psychiatric 
adverse effects.5 9

METHODS
Trial design
The GALAXY trial was a prospective, randomised, open- label, 
blinded endpoint study comparing STN DBS surgery either under 
LA following the current standard practice (n=56) or under 

GA (n=54) and assessed the cognitive, mood and behavioural 
adverse effects in addition to the functional and symptomatic 
effectiveness of DBS. Patients were included if they suffered 
from idiopathic PD with bradykinesia, tremor and/or rigidity, 
and at least one of the following symptoms despite optimal phar-
macological treatment (1) severe motor response fluctuations, 
(2) dyskinesias or (3) painful dystonia. Exclusion criteria were(1) 
previous PD- related neurosurgery or (2) contraindications for 
DBS surgery, such as severe cognitive impairment indicated by 
a Mattis Dementia Rating Scale score of 120 or lower, current 
depression or psychosis in psychiatric evaluation or a physical 
disorder making surgery hazardous.7 10 The trial design and 
primary outcome (composite score for cognitive, mood and 
behavioural adverse effects) and serious adverse events were 
reported in the primary manuscripts.7 10 The trial was registered 
with the Netherlands Trial Register. This secondary analysis was 
designed following the Consolidated Standards of Reporting 
Trials guidelines.11 First, the cognitive tests, psychiatric scales 
and clinical outcomes of the GA and LA groups are compared in 
a pre- test/post- test control group design. Second, the cognitive 
and psychiatric outcomes at 6 months were compared with base-
line while omitting anaesthesia as a factor.

Surgical methods
DBS electrodes were placed bilaterally in the dorsolateral part of 
the STN. Dopaminergic medication was stopped in the evening 
before surgical procedure in all patients.

Surgery under LA. The patient underwent frame fixation, 
microelectrode recordings and macroelectrode stimulation 
under LA. Following the implantation of the permanent elec-
trodes the stereotactic frame was removed and the patient was 
immediately placed under GA for implantation of extension 
cables and the implantable pulse generator.

Surgery under GA. The patient was placed under GA using 
propofol and remifentanil. Propofol was stopped for 20 min 
prior to microelectrode recordings. Propofol cessation lasted 
maximally 45 min, while high- dose remifentanil was continued. 
No macroelectrode stimulation was performed. The patients 
remained under GA for implantation of extension cables and the 
implantable pulse generator.

A more detailed description of the surgical procedure in both 
study groups has been published elsewhere.7

Cognitive assessment
Cognitive assessment was done at baseline in the on- drug phase 
and at 6 month follow- up in the on- drug phase and DBS on. 
Language was assessed with the Boston Naming Test (BNT) 
and Wechsler Adult Intelligence Scale IV (WAIS)- Similarities. 
Memory was tested with the Dutch version of the Rey Audi-
tory Verbal Learning Test (RAVLT) and logical memory from 
the ‘Story’ subtest of the Rivermead Behavioural Memory Test 
(RBMT), both tests have immediate and delayed recall scores, 
with an index score. Attention and psychomotoric functioning 
was tested with the Trail Making Test (TMT)- A, the Stroop 
Color- Word Test (Stroop)- I and Stroop- II. Executive function 
was measured by the TMT- B, TMT- B/A, Stroop- III, Stroop inter-
ference and letter fluency. Visuospatial function was assessed 
by using the Judgement of Line Orientation (JOLO).12–19 The 
outcomes of the TMT, Stroop, letter fluency, WAIS- IV Similar-
ities, RBMT, JOLO, BNT and the RAVLT were converted into 
T- scores by age and education level correction.20 A higher score 
indicates a better performance.

Table 1 Baseline demographic and clinical characteristics

Local anaesthesia 

(N=56)

General 

anaesthesia 

(N=54)

Age—years, mean (SD) (range) 60.0 (7.4) (36–73) 61.3 (7.9) (41–75)

Age at onset of Parkinson’s disease—

years, mean (SD)

49.1 (7.2) 50.7 (8.8)

Male sex, no. (%) 40 (71) 38 (70)

Duration of Parkinson’s disease—years, 

mean (SD)

10.8 (5.3) 10.6 (5.0)

Duration of use of medication for 

Parkinson’s disease—years, mean (SD)

10.4 (5.1) 10.3 (4.7)

On- drug phase Hoehn and Yahr stage—

no. (%)

  1 1 (2) 0 (0)

  2 47 (84) 43 (80)

  3 5 (9) 10 (19)

  4 3 (5) 1 (2)

  5 0 (0) 0 (0)

Levodopa equivalent daily dose—mean 

(SD)

1567.6 (555.2) 1550.6 (599.4)

Difference in MDS- UPDRS ME score in 

ON- drug vs OFF- drug phase >40%, no. 

(%)

50 (89) 48 (89)

Mattis Dementia Rating Scale—mean 

(SD)

139.7 (3.1) 139.9 (2.5)

National Adult Reading Test IQ 107.25 (14.7) 105.59 (19.5)

PD- CRS 99.4 (14.7) 100.0 (12.8)

MDS- UPDRS ME, Movement Disorder Society Unified Parkinson’s Disease Rating 

Scale Motor Examination; PD- CRS, Parkinson’s Disease- Cognitive Rating Scale.
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Clinically relevant cognitive worsening was defined as a 
worse score on three or more cognitive tests based on a Reli-
able Change Index of −1.645 or less in more than one domain 
(language, memory, executive function, visuospatial function, 
attention, psychomotoric functioning) of the neuropsycholog-
ical examination 6 months after surgery compared with base-
line using the corrected T- score.8 A risk assessment predicting 
increased chance of cognitive decline after DBS was based on the 
results of the weighted average on the preoperative Trailmaking 
B and Stroop Color- Word Card scores.8 Patients with a mean 
average T- score less than 40 were indicated as having a higher 
than average risk for postoperative cognitive decline.8

Psychiatric scales
The Hamilton Depression Rating Scale (HAM- D) consists 
of 17 questions with a score between 0 and 52, a score of 8 
or more is indicative of depressive symptoms. The Hamilton 
Anxiety Rating Scale (HAM- A) consists of 14 questions with a 

score between 0 and 56, with a score of 18 is indicative for the 
presence of an anxiety disorder. Suicidal ideation was assessed 
using the Columbia- Suicide Severity Rating Scale consists of 
20 questions, the number of questions answered with ‘yes’ was 
rated as outcome with a higher score indicating more suicidal 
behaviour.21 The Starkstein Apathy Scale consists of 14 ques-
tions, with a score between 0 and 42 and the cut- off for apathy is 
14 or more. The Young Mania Rating Scale consists of 11 ques-
tions, the score ranges from 0 to 60 with a cut- off of 13 or more 
indicating a manic episode.22–26 A higher score on all psychiatric 
instruments indicate more severe symptoms.

Quality of life and symptomatic outcome
The Parkinson’s Disease Questionnaire- 39 (PDQ- 39) measures 
disease specific quality of life, consisting of 39 questions with a 
score between 0 and 100, with 100 indicating the most severe 
problems. The symptomatic outcome was measured by the 
Movement Disorder Society Unified Parkinson’s Disease Rating 

Figure 1 CONSORT Flow Diagram *All 30 patients received deep- brain stimulation (DBS); 26 had a preference for local anaesthesia; 4 had a preference 
for general anaesthesia. †Five patients had previous unilateral subthalamic nucleus or bilateral globus pallidus internus deep- brain stimulation, one patient 
lived abroad, one patient decided against surgery. ‡One patient was not eligible for deep- brain stimulation and withdrew from follow- up after randomisation 
due to new comorbidity. Two patients of each group refused to undergo cognitive examination after 6 months follow- up.
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Scale (MDS- UPDRS) motor score, a higher score indicates more 
severe symptoms. Dopaminergic medication was converted to 
Levodopa Equivalent Daily Dosage (LEDD).27 28

Statistical analysis
Baseline assessments and outcome parameters will be presented 
in table 1. For normally distributed continuous data, a robust 
linear mixed effects model with a diagonal structure will be 
selected to analyse the GA and LA groups and to allow for base-
line value adjustment. A careful step- by- step process is followed 
to first achieve normal distribution of the residuals and when 
this could not be achieved, non- parametric tests were conducted. 
This process is explained in detail in online supplemental descrip-
tion 1.29 Regression analysis will be performed for impacting 
clinical variables. The three impacting variables that we choose 
to analyse are: (1) Changes in LEDD to account for hyperdo-
paminergic or hypodopaminergic symptoms, (2) Comparison 
of best ON preoperative and best ON postoperative (DBS on 
and medication on) to account for the best possible functioning 
of the participant and its possible effect on daily life and social 
functioning and (3) Comparison of worst off preoperatively and 
worst off postoperatively (DBS off and medication off) as an 
approximation of motor disease progression. Statistical analyses 
are performed with IBM SPSS Statistics software (IBM Corpora-
tion, New York, USA, V.25).

Results
A total of 110 patients were enrolled, between March 2015 
and January 2020. Fifty- six patients were randomised to the 
LA group and 54 patients were randomised to the GA group 
(figure 1). The groups were balanced with respect to baseline 
characteristics.7 There were no differences on neuropsycholog-
ical composite scores and psychiatric symptoms between the 
groups. The proportion of patients with a predicted increased 
vulnerability for cognitive deterioration was 17/51 in the LA 
group and 11/51 in the GA group (nonsignificant). Neuro-
psychological follow- up data was available for 103 patients; 2 
participants withdrew from the LA group (1 withdrew consent 
due to personal circumstances, 1 was not eligible for DBS after 
randomisation due to a new comorbidity), and 1 participant 
was excluded from follow- up in the GA group (death unre-
lated to treatment before follow- up). Four patients did not 
undergo complete repeated neuropsychological examination 
after 6 months, but participated in a few measurements. One 
hundred and two patients were analysed for the risk assess-
ment predicting increased chance of cognitive decline, due to 
a missing prediction value in one patient. All completed tests 
and scales were included using the mixed model analysis, which 
resulted in differing numbers of participants per test reported 
(tables 1–4). Psychiatric scale outcome measures were available 
for 107 patients.

Occurrence of cognitive deterioration
In 8/52 (15%) participants of the LA group and in 4/51 (8%) 
participants of the GA group cognitive deterioration was 
measured as defined by 3 ≥worse scores in >1 domain, which 
did not statistically differ between the groups (χ2 1.78, p=0.18).

Worse cognitive performance was predicted based on the 
potential risk score with a sensitivity of 0.636, specificity of 
0.769 and diagnostic accuracy of 0.755, with a positive predic-
tive value of 0.25 and negative predictive value of 0.946 (χ2 
8.11, p<0.01) (table 2).

Between-group comparisons
Cognitive outcome
Analyses of change scores showed between- group differences in 
the RAVLT delayed score, with an improvement for both groups 
but a better score for the GA group (f=4.2, p=0.04). This effect 
was not present for the other memory test, the RBMT delayed 
score improved for LA but worsened for GA (f=4.4, p=0.04. 
The Stroop III score was significantly worse for both groups, but 
more so for the LA group (f=5.5, p=0.02) (table 3). There was 
no difference in changes in MDS- UPDRS motor scores and in 
LEDD between the LA and the GA groups (online supplemental 
table 1). There was no influence found of MDS- UPDRS ON/
OFF scores or LEDD on any of the cognitive tests in the whole 
sample (online supplemental table 2).

Psychiatric outcome
There were no differences between the groups on any of the 
psychiatric scales as presented in table 3.

Whole sample longitudinal results
Cognitive and psychiatric outcomes at 6 months compared with 
baseline are presented in table 4, omitting anaesthesia as a factor. 
Worse scores after 6 months were present for the Stroop I (f=6.3, 
p=0.01), Stroop II (f=46.4, p<0.001), Stroop III (f=10.8, 
p=0.001), and Trailmaking B/A (f=4.5, p=0.04). Improvements 
were measured on the individual quality of Life scale PDQ- 39 
(f=24.8, p<0.001), and psychiatric HAM- D (f=6.2, p=0.01), 
and HAM- A (f=5.5, p=0.02).

Discussion
In this study we showed that in Parkinson’s disease there is no 
significant difference in cognitive outcome between STN DBS 
surgery under LA and STN DBS surgery under GA. Only a small 
number of participants (10.8%) scored lower on three cogni-
tive tests in two or more domains at 6 months after surgery. 
The prediction of postoperative cognitive decline based on 
the preoperative neuropsychological screening showed a good 
diagnostic accuracy and an excellent negative predictive value 
to identify patients who are most likely to preserve cognitive 
function after DBS.

It is important to note that these results are difficult to inter-
pret for clinical practice, because of the uncertainty of the 

Table 2 Prediction and observed cognitive performance

Predicted vs observed 

cognitive deterioration Stable performance Worse performance

At risk for deterioration 21 7

Not at risk for deterioration 70 4

χ
2- statistic: 8.11 p<0.01*

Risk and course after baseline 

prediction

N Value

Sensitivity 7/11 0.64

Specificity 70/91 0.77

Diagnostic accuracy 77/102 0.76

At risk and worse 

performance=PPV

7/28 0.25

At risk and stable performance 21/28 0.75

No risk and worse performance 4/74 0.05

No risk and stable 

performance=NPV

70/74 0.95

*; Statistically significant, P<0.05

NPV, negative predictive value; PPV, positive predictive value.
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predicted outcome and its clinical relevance. We found signifi-
cant differences on the RBMT delayed change scores favouring 
LA STN DBS. However, this effect was contradicted by the 
RAVLT delayed score favouring GA STN DBS on the delayed 
recall. These effects were not statistically significant on the 
immediate recall portions of the tests. The Stroop test outcomes 
were worse for LA STN DBS, but the difference in attention 
and executive function was not reproduced for the TMT- A 
and TMT- B outcomes.30 31 There were no differences at all in 
language and complex visual perception. The statistically signifi-
cant discerning outcomes of two memory tests and one executive 
test are not consistently in favour of either form of anaesthesia. 
The lack of a harmonious set of differences between LA and 
GA STN DBS on cognitive and psychiatric outcomes correspond 
with the primary results of this study, where no significant differ-
ences were found in cognitive decline.7

The occurrence of Post- Traumatic Stress Disorder (PTSD) 
after awake surgery has been of interest recently, and while 
PTSD symptoms were no outcome measure in this study, we did 
measure depression and anxiety which would likely be impacted 
during severe PTSD symptoms.32–34 We expected that awake 
surgery might have been more traumatic for patients with PD 
suffering from frailty, with a higher risk of adverse outcomes.35 
However, differences between LA and GA STN DBS in depres-
sion and anxiety scores were not indicative for traumatic experi-
ences in patients with LA STN DBS, who were awake during part 
of the surgery. A recent study found that the HAM- A scores after 
1 month were lower in the GA group, but this effect disappeared 
after several months, which could mean that stressful experi-
ences during DBS surgery usually do not develop into PTSD.36

The individual tests comparing baseline with 6- month 
follow- up suggest that some cognitive functions might worsen 
after STN DBS.37 Notably, the speed tasks Stroop I, II and 
TMT- A showed worsening at 6- month follow- up. This effect 
was persistent despite increased motor function after STN DBS, 
and might well be a sign of cognitive decline as part of disease 
progression.38 There were no indications for a learning effect. 
The PD- Cognitive Rating Scale, letter fluency, RAVLT, RBMT 
and trail making do have multiple versions, which should 
minimise the learning effect. Of these, none improved and the 
TMT- B/A score worsened at 6- month follow- up. While for the 
neuropsychological tests without alternative versions (ie, Stroop, 
JOLO, BNT, WAIS- IV) and therefore a higher likelihood for the 
learning effect, all three of the Stroop subtest scores worsened.

Quality of life, depression and anxiety scores all improved 
after 6 months of STN DBS in our sample, with an exceptional 
increase in quality of life scores. These findings are important for 
many patients who will become dependent on STN DBS for the 
management of refractory PD and are in line with other studies 
suggesting a relation between DBS of basal ganglia and improved 
functional performance and subsequently expanded social activ-
ities.39–41 Successful LEDD reduction after STN DBS could also 
have contributed to better perceived quality of life after STN 
DBS due to less severe side- effects of the medication. While 
suicidal ideation and behaviour have been observed following 
DBS surgery, the participants in our sample experienced no 
increase of suicidal symptoms after 6 months of STN DBS.42 An 
important limitation to our findings is the multiple analyses that 
we have performed, which increases the chance of a type I error.

There are some limitations to this study. As described in the 
methods, in both study groups microelectrode recordings were 
executed. Therefore our asleep procedure is only minimally less 
invasive compared with the awake procedure, due to omitting 
the macroelectrode stimulation. Other DBS centres also omit 

microelectrode recordings during GA STN DBS, resulting in less 
surgical passes through the brain. It is hypothesised that surgical 
microlesions can cause postoperative cognitive decline following 
STN DBS.43 44 In this regard, a greater level of trajectories may 
cause a bigger microlesion effect. However, the number of 
microelectrode recording trajectories is not directly associated 
with postoperative cognitive decline.45 46

Furthermore, the GALAXY study was not powered on finding 
a difference in cognitive decline alone. Therefore it might be due 
to the relatively small sample size that the difference found, 15% 
cognitive decline in the LA group versus 8% cognitive decline in 
the GA group, was not statistically significant.

In summary, this in- depth analysis of the neuropsycholog-
ical and psychiatric data of the GALAXY trial shows minor and 
inconsistent differences between STN surgery under LA and GA 
for PD, which reinforces the conclusion of the primary analysis 
that the anaesthesia method does not affect cognitive, mood and 
behavioural adverse effects. Both STN DBS performed under LA 
and GA did have a strong beneficial effect on quality of life, 
mood, and anxiety symptoms.
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