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ABSTRACT: BackgroundBackground: In Parkinson’s disease (PD) long-term motor outcomes of subthalamic nucleus deep
brain stimulation (STN-DBS) are well documented, while comprehensive reports on non-motor outcomes are
fewer and less consistent.
ObjectiveObjective: To report motor and non-motor symptoms after 5-years of STN-DBS.
MethodsMethods: We performed an open 5-year extension study of a randomized trial that compared intraoperative
verification versus mapping of STN using microelectrode recordings. Changes from preoperative to 5-years of
STN-DBS were evaluated for motor and non-motor symptoms (MDS-UPDRS I-IV), sleep disturbances (PDSS),
autonomic symptoms (Scopa-Aut), quality of life (PDQ-39) and cognition through a neuropsychological test
battery. We evaluated whether any differences between the two randomization groups were still present, and
assessed preoperative predictors of physical dependence after 5 years of treatment using logistic regression.
ResultsResults: We found lasting improvement of off-medication motor symptoms (total MDS-UPDRS III, bradykinetic-rigid
symptoms and tremor), on-medication tremor, motor fluctuations, and sleep disturbances, but reduced
performance across all cognitive domains, except verbal memory. Reduction of verbal fluency and executive
function was most pronounced the first year and may thus be more directly related to the surgery than worsening
in other domains. The group mapped with multiple microelectrode recordings had more improvement of
bradykinetic-rigid symptoms and of PDQ-39 bodily discomfort sub-score, but also more reduction in word fluency.
Older age was the most important factor associated with physical dependence after 5 years.
ConclusionConclusion: STN-DBS offers good long-term effects, including improved sleep, despite disease progression.
STN-DBS surgery may negatively impact verbal fluency and executive function.

Subthalamic nucleus deep brain stimulation (STN-DBS) is an
established treatment for Parkinson’s disease (PD) with motor
fluctuations or tremor not responsive to levodopa. While short-
term effects have been well documented both on motor
symptoms,1–7 and non-motor symptoms (NMS),8–12 studies on
long-term effects of STN-DBS (≥5 years) have mainly reported
effects on motor symptoms. A sustained effect has been shown
on bradykinesia, rigidity and tremor, but less so on axial

symptoms like gait freezing, postural instability and dysarthria
that worsen gradually in parallel with advancing disease.13–18

Studies reporting long-term effects on sleep and dysautonomia
are lacking, and reports on the long-term impact on cognitive
functions are few and show conflicting results.19

Many long-term studies are small and some have relatively high
drop-out rates (in the range 37–82%), causing methodological chal-
lenges.20–22 Drop-outs from such studies occur more frequently
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among the poor-performing patients (eg, nursing home residents) or
deceased patients. This could lead to conclusions of a too favorable
outcome and affect the evaluation of preoperative predictive factors.

Long-term benefit varies among patients. Some studies on pre-
dictive factors of long-term outcome have emerged, showing that
younger age and better preoperative motor function and cognition
are beneficial.23 Preoperative levodopa responsiveness has been
shown to predict short-term motor outcome,24 but not the out-
come beyond 3 years.25 Evidence that pin-points the most impor-
tant preoperative predictive factors are still lacking. The long-term
effects on non-motor symptoms have been less studied, and few
groups have reported on both motor and a wide range of non-
motor symptoms in the same cohort.

We have previously reported results from a randomized con-
trolled trial with one-year follow-up of 60 PD patients undergoing
STN-DBS surgery, with targeting guidance either from single
microelectrode (one central trajectory, or as few as needed to con-
firm STN signals; sMER) for target verification, or multiple

simultaneously inserted MER for target mapping (mMER).26,27

The mMER group had a significantly greater improvement after
1 year both in MDS-UPDRS III medication-off score and in two
PDQ-39 domains (activities of daily living and bodily discomfort).

Here we report motor and non-motor outcomes after 5 years
of STN-DBS, both in the total study population and the two
randomized groups. To our knowledge there are no studies that
prospectively have evaluated the MDS-UPDRS I-IV scores after
5 years of STN-DBS treatment, or have combined these scores
with validated scales assessing sleep disturbances, autonomic dys-
function, cognition, and disease specific-quality of life.

Methods
From April 2009 to December 2013, 76 patients had STN-DBS
surgery at Oslo University Hospital. Sixty patients were eligible

FIG. 1. Participant flow-chart. Patients designated as “Lost to follow-up” (n = 2, multiple MER group) at 1 year are not the same individuals
as those that dropped out at the 5-year follow-up.
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and included in a prospective, randomized, double-blind study
comparing the use of single versus multiple simultaneous
microelectrode-recordings to guide the placement of the perma-
nent electrode. The detailed description of the study design
(including surgical procedure and causes for exclusions) and the
main results on motor and quality of life-outcomes at the one-
year follow-up have been published previously.26

Neurologic and Neuropsychiatric
Evaluations
The Movement Disorder Society revision of the Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS) was used
preoperatively, and after 3 months, 1 year and 5 years of
STN-DBS to assess non-motor experiences of daily living (I),

TABLE 1 Baseline characteristics of the 54 patients examined at 5 years postoperatively

Total sMER mMER

n = 54 n = 27 n = 27

Gender [n (%)]

Male 39 (72) 17 (63) 22 (82)

Female 15 (28) 10 (37) 5 (19)

Age at surgery 63 (44–71) 62 (44–71) 63 (49–70)

Disease duration (yr) 12 (4–23) 11 (4–23) 11 (4–17)

LEDD 1248 (428–2490) 1338 (874–2259) 1248 (428–2490)

MDS-UPDRS I 10 (2–24) 10 (1–25) 10 (3–24)

MDS-UPDRS II 16 (1–31) 16 (0–31) 17 (9–32)

MDS-UPDRS III

Off 49.0 (28–75) 44 (28–66) 52 (28–75)

On 13.0 (2–45) 13 (3–37) 13 (2–45)

MDS-UPDRS IV 10 (0–16) 10 (1–15) 9 (0–16)

PDQ-39 n = 53 n = 27 n = 26

23.4 (5.7–59.4) 23.1 (5.7–59.4) 25.3 (7.8–49.4)

Mattis dementia
Rating scale

n = 45
142 (131–144)

n = 20
142 (131–144)

n = 25
142 (134–144)

Neuropsychological testing:

Attention/working memory n = 50 n = 26 n = 24

46.7 (31.5–65.0) 46.7 (35.0–65.0) 47.5 (31.5–65.0)

Executive function n = 50 n = 26 n = 24

45.8 (30.9–67.5) 45.8 (30.9–57.5) 47.9 (31.7–67.5)

Processing n = 49 n = 25 n = 24

47.3 (25.3–57.1) 47.7 (35.8–55.4) 46.1 (25.3–57.1)

Verbal memory n = 50 n = 26 n = 24

43.0 (20.0–61.3) 42.3 (20.0–59.3) 46.0 (28.7–61.3)

Visual memory n = 50 n = 26 n = 24

45.5 (24.5–67.5) 45.5 (29.0) 45.5 (24.5–67.5)

Verbal fluency n = 50 n = 26 n = 24

53.3 (38.4–80) 50.0 (38.4–80) 57.5 (41.7–78.3)

Global n = 50 n = 26 n = 24

46.1 (36.6–62.1) 44.2 (38.6–62.1) 48.0 (36.6–60.5)

Values are medians (min-max). n = 54 except for cognitive domains.
Abbreviations: LEDD, Levodopa equivalent daily doses; MDS-UPDRS, The Movement Disorder Society revision of the Unified Parkinson’s Disease Rating Scale.
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TABLE 2 One- and five-year outcomes for 54 patients treated with STN-DBS

Preop. 1 yr
P-value
(preop.-1 yr) 5 yr

P-value
(1 yr to 5 yr)

P-value
(preop.-5 yr)

Motor symptoms and LEDD

MDS-UPDRS III OFF n = 54 n = 52 <0.001a n = 53 <0.001a <0.001a

49.1 (12.2) 19.2 (9.1) 34.8 (13.7)

ON n = 54 n = 52 0.006a n = 51 <0.001ab <0.001ab

14.5 (8.9) 11.4 (6.9) 25.8 (12.1)

Bradyk.-Rigid OFF 33.4 (7.6) 13.8 (6.6) <0.001a 24.8 (9.2) <0.001a <0.001a

ON 11.1 (6.3) 8.8 (5.3) 0.002a 18.5 (8.6) <0.001a <0.001ab

Tremor OFF 7.7 (5.9) 1.8 (2.9) <0.001ab 1.7 (3.7) 0.881 <0.001a

ON 1.6 (2.9) 0.4 (1.0) 0.001ab 0.7 (1.5) 0.339b 0.013ab

Axial OFF 8.0 (5.2) 3.5 (3.5) <0.001ab 8.2 (5.6) <0.001ab 0.860

ON 1.9 (2.2) 2.1 (2.1) 0.825 6.8 (4.9) <0.001ab <0.001ab

MDS-UPDRS IV n = 54 n = 52 n = 53

9.7 (3.5) 2.4 (3.5) <0.001a 2.9 (3.2) 0.223 <0.001ab

MDS-UPDRS II n = 54 n = 52 n = 48

16.9 (7.2) 11.3 (6.8) <0.001a 19.5 (10.4) <0.001a 0.056

LEDD n = 54 n = 52 n = 54

1289 (425) 633 (331) <0.001a 659 (397) 0.509 <0.001a

Non-motor symptoms

MDS-UPDRS I n = 54 n = 52 n = 47

11.0 (6.0) 8.8 (5.3) 0.001a 10.8 (7.0) 0.008a 0.785

PDSS n = 52 n = 49 n = 46

94.3 (21.2) 107.5 (21.5) <0.001a 110.6 (23.3) 0.108 <0.001a

Scopa-Aut n = 52 n = 50 n = 45

16.0 (7.5) 14.5 (7.7) 0.110 16.6 (8.7) 0.021 0.172

Cognitive scores

Attention/working memory n = 50 n = 48 n = 45

47.1 (7.4) 46.4 (8.2) 0.140 42.7 (8.2) <0.001a <0.001a

Executive function n = 50 n = 47 n = 31

46.9 (7.7) 42.5 (9.3) <0.001a 40.7 (9.4) <0.001a 0.001a

Processing n = 49 n = 47 n = 33

45.7 (7.4) 42.5 (7.4) 0.001a 35.7 (9.2) <0.001a <0.001a

Verbal memory n = 50 n = 48 n = 46

43.2 (10.1) 41.5 (10.6) 0.206 40.3 (9.9) 0.593 0.050

Visual memory n = 50 n = 48 n = 44

46.6 (10.2) 46.9 (11.0) 0.891 41.1 (13.2) <0.001a 0.001a

Word fluency n = 50 n = 48 n = 41

55.0 (10.7) 48.6 (10.4) <0.001a 42.6 (11.9) <0.001a <0.001a

(Continues)
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motor experiences of daily living (II), motor examination (III)
and the severity and impact of motor fluctuations (IV).28

MDS-UPDRS III was scored both after an overnight with-
drawal of dopaminergic drugs (medication-off ), and after a
levodopa dose approximately 1.5 times the patient’s usual
morning dose (medication-on). Postoperative evaluations
were performed in the stimulation-on state. The MDS-
UPDRS III score was also divided into bradykinetic-rigid
symptoms [Items (I) 2–8 and 14], axial symptoms with known
less response to levodopa (I 1 and 9–13) and tremor (I 15–
18).29,30 The Hoehn & Yahr scale (HY, 0–5) was scored in
both the medication-off and the medication-on state.31 Based
on the HY-scores at 5-year follow-up, patients were divided
into two groups: Physically dependent (HY 4–5) versus physi-
cally independent (HY 1–3). Health-related quality of life was
assessed with the Parkinson’s Disease Questionnaire-39
(PDQ-39),32,33 with eight domain scores [mobility, activities
of daily living (ADL), emotional well-being, stigma, bodily
discomfort, social support, cognition, and communication]
and the mean across the domain scores [Summary index (SI)].

Sleep disturbances were assessed by the self-rated Parkinson’s
Disease Sleep Scale (PDSS),34 with 15 items scored from 0 (symp-
tom severe and always present) to 10 (symptom-free), maximum
score 150. Autonomic symptoms were evaluated by the self-
rated questionnaire Scopa-Aut, with 23 items assessing gastroin-
testinal symptoms (7 items), urinary symptoms (6), cardiovascular
symptoms (3), thermoregulation (4), pupillomotor function
(1) and sexual function (2 separate items for each gender).35

Higher total scores express more severe symptoms (range 0–69).
Levodopa equivalent daily doses (LEDD) were calculated at each

follow-up.36 A comprehensive neuropsychological assessment
was administered preoperatively and at the 1 and 5-year follow-
up. The test battery covered the following six cognitive domains:
attention/working memory [Digit Span and Number-Letter
Sequencing from the Wechsler Adult Intelligence Scale III
(WAIS-III)],37 executive functions (Color-Word Interference
Test (CWIT) inhibition and inhibition/shifting conditions from
the Delis-Kaplan Executive Function System (D-KEFS)),38

processing speed (The Symbol Digit Modalities Test39 and
D-KEFS CWIT; Color Naming and Word Reading), verbal
learning and memory [Hopkins Verbal Learning Test-Revised
(HVLT-R)],40 visual learning and memory [Brief Visuospatial
Memory Test-Revisited (BVMT-R)], and verbal fluency (pho-
nemic and category fluency from D-KEFS). The memory tests
included total acquisition score for the three learning attempts,
delayed recall and recognition. Parallel versions of the
HVLT-R and BVMT-R were employed across time points to
minimize re-test effects. A composite global cognitive score was
calculated expressing the mean of the individual domain scores.
Raw scores were transformed into standardized T-scores
(mean = 50, SD = 10) using the test publisher’s
normative data.

Statistical Analysis
The scores were assessed with tests for normality. Paired sample
t-test was performed to determine the within subject differences
between preoperative, 1-year and 5-year follow-up, or
Wilcoxon Signed Rank Test for non-normally distributed vari-
ables. Differences between the randomization groups of the

TABLE 2 Continued

Preop. 1 yr
P-value
(preop.-1 yr) 5 yr

P-value
(1 yr to 5 yr)

P-value
(preop.-5 yr)

Global n = 50 n = 48 n = 46

47.4 (6.0) 44.7 (7.4) <0.001a 39.9 (8.4) <0.001a <0.001a

Quality of life

PDQ-39 SI n = 53 n = 50 n = 46

26.0 (11.9) 19.7 (13.8) <0.001a 27.3 (15.2) <0.001a 0.652

Mobility 35.7 (21.1) 27.3 (25.2) 0.015a 43.3 (29.3) 0.002a 0.147

ADL 38.1 (21.2) 23.4 (19.3) <0.001a 37.1 (28.6) 0.003a 0.872

Emotional 18.0 (15.6) 19.1 (19.0) 0.635 24.0 (20.1) 0.382 0.097

Stigma 24.8 (21.3) 14.9 (19.1) 0.001 13.2 (18.1) 0.538 0.008ab

Social support 11.6 (16.9) 12.4 (16.4) 0.679 10.5 (14.0) 0.498 0.740

Cognition 24.5 (17.0) 19.8 (17.1) 0.014a 26.1 (21.1) 0.084 0.729

Communication 18.2 (16.3) 24.8 (23.2) 0.040 36.0 (22.4) 0.034 <0.001a

Bodily discomfort 45.8 (22.4) 26.0 (23.1) <0.001a 28.6 (24.1) 0.665 <0.001a

aSignificant also after Bonferroni adjusted α-value of 0.017 for repeated testing.
bWilcoxon signed rank test.
Abbreviations: MDS-UPDRS, The Movement Disorder Society revision of the Unified Parkinson’s Disease Rating Scale; LEDD, Levodopa equivalent daily doses; PDSS,
Parkinson’s Disease Sleep Scale; Scopa-Aut, Scales for Outcomes in Parkinson’s disease—Autonomic Dysfunction; PDQ-39, Parkinson’s Disease Questionnaire-39.
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mother study from preoperative to 5-years were compared using
independent t-tests, or Mann–Whitney U-test for non-normally
distributed variables. Bonferroni adjusted α-value were used
when appropriate due to repeated testing.

Exploratory correlation analyses were performed, studying
both preoperative levodopa response, motor scores, patient-
related characteristics, and other less-studied parameters like
LEDD and non-motor symptoms like sleep and dysautonomia,
as suggested by previous publications.41 Exploratory correlation
analyses were performed with Pearson correlation or Spearman’s
rank order correlation, for normally and non-normally distrib-
uted variables respectively, and independent sample t-tests.
The variables that showed significant correlations from these
exploratory correlation analyses (≤0.05, 2-tailed), and no
multicollinearity, were subsequently included in a logistic regres-
sion analysis. All statistical analyses were performed using IBM
SPSS.26.

Results
In the original study 60 patients were included (30 in each ran-
domization group), with primary endpoints evaluated blindly
1 year postoperatively.26 At the 5-year follow-up 54 patients
were included in the per protocol analysis: Three patients had
surgical site infections with hardware explantation and discon-
tinued neurostimulation within the first postoperative year, while
at 5 years one patient was lost due to dementia and long travel
distance and two patients had clinical follow-up, but not by pro-
tocol (Fig. 1). Some patients did not finish the complete proto-
col, which is reflected in reduced “n” for the different variables.
No preoperative differences were found between the patients
who completed all questionnaires (n = 42) and those who failed
to complete one or more questionnaires. For full baseline data of
the total population and the two randomization groups, see
Table 1.

A B

C D

E F

FIG. 2. Score changes of motor symptoms through the study period. MDS-UPDRS, The Movement Disorder Society revision of the Unified
Parkinson’s Disease Rating Scale. (A) MDS-UPDRS part III off- and on-medication, further shown as (B) bradykinetic-rigid symptoms,
(C) tremor symptoms and (D) axial symptoms. (E) Motor experiences of daily living (MDS-UPDRS part II) and (F) motor fluctuations (MDS-
UPDRS IV).
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At the 5-year follow-up, significant improvements compared to
baseline were found for MDS-UPDRS part III medication-off
total score and the bradykinetic-rigid and tremor sub-scores (all
P < 0.001), whereas the axial symptom sub-score was not
improved (Table 2, Fig. 2). The MDS-UPDRS part IV was also
significantly improved at 5 years (P < 0.001). MDS-UPDRS part
IV and the tremor sub-score off-and on-medication were all rela-
tively unchanged from the 1-year to the 5-year follow-up. The
on-medication MDS-UPDRS III total score and bradykinetic-
rigid and axial sub-scores all worsened compared to preoperative
scores (all P < 0.001).

Mean (SD) voltage (V) was at 1 year for left/right hemisphere
2.9(0.7)/2.7(0.8), and at 5 years 3.2(0.8)/3.1(0.7), (p < 0.007,
paired t-test 1 versus 5 years, both hemispheres). Frequency/
pulse width were at 1 year mean 135 Hz/63 microseconds and
at 5 years 130 Hz/61 microseconds. One of the two middle con-
tacts was used in 91% of electrodes at 1 year and 94% at 5 years.
No significant differences were found between randomization
groups. LEDD was at 5 years reduced by mean (SD) 49 (27) %
(P < 0.001), thus at a similar level as 12 months postoperatively
[reduction 50 (23) %].

Figure 3 displays the changes over time for MDS-UPDRS I,
PDSS, and Scopa-Aut total scores. After 5 years of STN-DBS,
sustained significant sleep improvement was observed, both for
the total PDSS score (P < 0.001) and the sub-scores “overall
quality of nights sleep,” “sleep onset and maintenance insomnia,”
“nocturnal restlessness,” “nocturnal motor symptoms,” and “day-
time dozing” (also significant after Bonferroni adjustment). Both

mean MDS-UPDRS I and Scopa-Aut total score had at 5 years
returned to about the same level as preoperatively (Table 2). The
Scopa-Aut sub-score of thermoregulatory function was signifi-
cantly improved at 1 year as published previously.27 At 5 years it
was still better than preoperatively, but no longer statistically sig-
nificant (P = 0.043, Bonferroni adjusted α-value <0.017).
Pupillomotor score was worse than preoperatively (P = 0.006).

During the 5 years of follow-up, test scores across cognitive
domains were significantly reduced, except verbal memory
(Table 2). In Figure 4, box plots illustrating changes between
preoperative to 1 year (A), and 1 year to 5 years (B), are pres-
ented. The score reduction was significantly smaller during
period A (timeline of 1 year) than period B (timeline 4 years) for
attention/working memory (P = 0.024), processing speed
(0.001), visual memory (0.001) and global score (0.011), while
there were no differences between period A and period B for
executive function (0.174) or verbal fluency (0.223).

PDQ-39 Summary Index score had at 5 years returned to
about the same level as preoperatively (Fig. 3 and Table 2).
The PDQ-39 sub-scores stigma and bodily discomfort were,
however, still improved compared to preoperatively (P = 0.008
and P < 0.001 respectively), whereas the communication sub-
score had worsened (P < 0.001).

The variables that changed significantly from preoperative
to the 5-year follow-up were evaluated for any differences
between the randomization groups. At 5 years, the mMER
group had a greater improvement in the MDS-UPDRS III
bradykinetic-rigid sub-score medication-off [mean (SD) 11.4

A B

C D

FIG. 3. Change of non-motor symptoms and quality of life through the study period. MDS-UPDRS, The Movement Disorder Society revision
of the Unified Parkinson’s Disease Rating Scale. PDQ-39, Parkinson’s Disease Questionnaire-39. PDSS, Parkinson’s Disease Sleep Scale.
Scopa-Aut, Scales for Outcomes in Parkinson’s disease—Autonomic Dysfunction. (A) Non-motor experiences of daily living (MDS-UPDRS
part I). (B) health-related quality of life (PDQ-39 SI). (C) Sleep disturbances (PDSS). (D) Autonomic symptoms (Scopa-Aut).
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(10.4) vs. 5.7 (9.0), P = 0.043] and a greater improvement of
the PDQ-39 sub-score bodily discomfort [27.4 (30.7) vs. 9.8
(19.8), P = 0.025], compared to the sMER group. The reduc-
tion of verbal fluency was significantly larger in the mMER
group compared to the sMER group in period A, but not
period B. No other significantly different cognitive changes
were found between randomization groups.

At 5 years, 43 patients were physically independent (HY 1–
3) and 11 patients physically dependent (HY 4–5, or informa-
tion from the electronic medical journal that they were physi-
cally dependent). Exploratory analyses comparing preoperative
characteristics that might predict this outcome showed that
patients in the physically independent group had been signifi-
cantly younger (60 vs. 65 years, P = 0.043), had better PDSS
score (98.0 vs. 78.7, P = 0.008], lower LEDD [1227 vs. 1531,
P = 0.033], higher medication-on tremor score [2.0 vs 0.1,
P < 0.001], and better MDS-UPDRS I score [10.1 vs 14.4
(P = 0.032)] (independent samples t-test). A logistic regression
analysis was performed entering these variables. The model as a
whole explained between 37% (Cox and Snell R Squared) and
59% (Nagelkerke R Squared) of the variance in physical
independence versus dependence after 5 years of STN-DBS
(goodness of fit of the model P < 0.001, and correctly classified
87% of cases). Age at surgery (P = 0.046, odds ratio 1.251) was
the only preoperative characteristic to make a unique statisti-
cally significant contribution to the model. Odds Ratio (P-
value) were for the other preoperative variables: PDSS 0.933
(P = 0.60), LEDD 1.002 (P = 0.078), MDS-UPDRS III
tremor on-medication 0.379 (P = 0.211), and MDS-UPDRS I
0.926 (P = 0.438).

Discussion
In this prospective study 54 PD patients treated with STN-DBS
were followed for 5 years. Our main findings were significant and
lasting improvement in off-medication motor symptom scores,
on-medication tremor, motor fluctuations, reduced dopaminergic
medication and improved sleep. The findings from neuropsycho-
logical testing indicate negative impact on the cognitive domains
verbal fluency and executive function, but whether this reflect
subjective experiences or affect daily functioning is uncertain.

Our findings on motor symptoms confirm previous studies,
showing sustained effect on tremor and motor fluctuations.
Concomitantly, there was a gradual worsening of axial symp-
toms such as speech, gait and balance, and to some degree of
bradykinetic-rigid symptoms.18,42 Particularly the axial symp-
toms are known to be clinical markers of disease progression
and to become less responsive to levodopa. The rate of motor
symptom progression in our study are in line with published
data documenting an average increase of MDS-UPDRS III
off-medication scores of around 2.4 points/yr in a de novo
PD cohort.43 Good effect on tremor and stable low dopami-
nergic medication at 5 years were also recently reported in a
study of very early DBS treatment (mean 2.1 � 1.3 years of
dopaminergic treatment before surgery).44 Thus, this seems to
be a consistent finding across different disease stages.

Interestingly, sleep also remains significantly improved after
5 years of STN-DBS, and do not worsen even though
bradykinetic-rigid symptoms worsen and other signs of disease
progression are quite evident. This may support the notion that
the favorable effect of STN-DBS on sleep disturbances is not

FIG. 4. Comparison of score changes in six neuropsychological domains from preoperative to 1 year postoperative (A), and from 1 year to
5 years of STN-DBS (B). *significant difference between period A and period B. Scores are presented as changes in T-scores which are
raw scores transformed into standardized scores using the test publisher’s normative data. Boxes represent the first to the third quartile,
the vertical line through the box is the median. Whiskers represent the minimal and maximal non-outliers, while the circles are outliers.
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merely due to improved motor symptoms. Few other studies
report long-term effect on sleep after STN-DBS. A retrospective
study of 10 patients showed no significant change of sleep symp-
toms compared to baseline after 5 years.45 However, also a
recent study of 61 patients, of whom 46 completed 3-year
follow-up, showed improvement in total PDSS, overall quality
of nights sleep, sleep onset and maintenance insomnia, and noc-
turnal motor symptoms.46

Little is known of long-term impact on autonomic symptoms
after STN-DBS. In a general PD population Scopa-Aut scores
have been shown to increase by age, disease duration and sever-
ity.47–49 In our study, however, the total score did not change
from preoperative to the 5-year follow-up. Only excessive sweat-
ing was significantly improved at 1-year follow-up,27 though not
sustained at 5 years.

Non-motor activities of daily living (MDS-UPDRS I) score
did not change significantly from preoperative to the 5-year
follow-up, but showed less progression than in the de novo
cohort which progressed by 0.92 points/yr.43

Considering our results on the non-motor symptoms (signifi-
cantly improved sleep, less progression in MDS-UPDRS I and
Scopa-Aut total score than described in general PD populations),
STN-DBS seems to have some beneficial effect on these symp-
toms even in the long-term.

Impaired cognition is part of the multitude of symptoms associ-
ated with PD. One study found cognitive impairment even in 24%
of newly diagnosed PD patients (versus 4% of healthy controls).50

Dementia increases with disease duration and has been reported to
develop in a similar rate in DBS operated and non-operated
patients.51,52 On the other hand, a study that compared STN-DBS
treated patients with non-operated patients found worsening of cog-
nitive function, but improved quality of life.53 Many studies have
reported cognitive impairments in STN-DBS treated PD cohorts,
although there is conflicting evidence both regarding the domains
affected and the magnitude of change. A review by Combs et al.
found small declines in psychomotor speed, memory, attention,
executive functions, and overall cognition, while moderate declines
were found for verbal fluency.54 Mehanna et al. conclude that wors-
ening of one or more cognitive functions is rare after DBS, but evi-
dence from available studies are conflicting.19 Reduction in verbal
fluency is the most consistent finding across studies.19,42

In our study, we observed significant worsening across all cog-
nitive domains from preoperative assessment to the five-year
follow-up, except for verbal memory. Decline in verbal fluency
and executive function from preoperative to the one-year
follow-up were of a similar magnitude as the decline over the
next 4 years in total. This could indicate a more direct effect of
the STN-DBS surgery. Processing speed, attention/working
memory, visual memory and global score were significantly more
reduced during the last 4 years of follow-up compared to the first
year, thus more likely reflect disease progression. Differences in
neuropsychological evaluation methods, surgical procedures, final
lead placement and postoperative stimulation settings may all
contribute to the variable results on cognition across studies.55,56

Disease-specific Quality of life measured by PDQ-39 Summary
Index has consistently been found to be improved at 1-year

follow-up, but no longer at the 5-year follow-up.42 The sub-
domains of PDQ-39 are less frequently reported. We found that
the domains stigma and bodily discomfort improved, whereas com-
munication worsened after 5 years of STN-DBS. PDQ-39 scores
collected prospectively over longer time periods should, however,
be interpreted with caution, as quality of life measures may be
influenced by a range of life events unrelated to the treatment
effect. We agree with other authors that PDQ-39 is probably not a
good measure of the best timing of STN-DBS surgery, or its
efficacy.

In the previously published randomized controlled 1-year phase
of our study, we showed that the group mapped intraoperatively
with multiple microelectrode recordings (mMER) had a signifi-
cantly greater improvement both of motor symptoms (MDS-
UPDRS III off-medication) and of the PDQ-39 sub-scores ADL
and bodily discomfort, compared to the group evaluated with single
MER for target verification only (sMER).26 After 5 years, the
mMER group still had more improvement of bradykinetic-rigid
symptoms and the PDQ-39 bodily discomfort sub-score than the
sMER group. Clinically meaningful change in the PDQ-39 sub-
score bodily discomfort has been estimated to be ≥2.1 points.57

Thus, the differences between the randomization groups seem to be
clinically meaningful after 5 years. To our knowledge long-term
results comparing these two methods of peroperative target guid-
ance have not been previously reported.

Witt et al. showed that when electrode trajectories intersected
the caudate nucleus there was increased risk of decline in global
cognition and working memory,58 whereas Smith et al. did not
find correlation between cognitive decline and the number of
microelectrode trajectories, location of the electrode tip or the
stimulation parameters.59 In our study, the mMER group had
on average more reduction in verbal fluency than the sMER
group, which may indicate a negative effect of multiple trajecto-
ries on verbal fluency and lend some support to the findings of
Witt et al. However, to which extent the cognitive changes
detected by specific neuropsychological tests affect the patient’s
daily functioning is uncertain. In a non-randomized study com-
paring single and multiple microelectrode recordings, larger
reductions in verbal fluency and memory were found in the
multiple microelectrode group.60 However, in open interviews
with patients and partners these symptoms were mainly not
reported as clinically relevant. Thus, uncertainties still exist,
regarding to which degree cognitive changes are related to the
surgery itself, stimulation, reduction of dopaminergic drugs or
the expected progression of PD, and the impact these changes
may have on the patients daily functioning and quality of life.

An important issue that does not seem to be fully resolved yet,
concerns the correct selection of PD candidates for STN-DBS sur-
gery and which preoperative factors that may predict a worse long-
term outcome. In 20 patients followed for 8 years, the patients
who developed postural instability had preoperatively both more
postural instability and higher dopaminergic medication.17 Execu-
tive dysfunction also correlated negatively with postural instability.
A recent study with mean follow-up of 8.4 � 6.3 years, showed
that preoperative higher frontal cognitive score and off-medication
motor score predicted good motor outcome.22 A review of studies
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with >5 years follow-up concludes that more preoperative axial
features and higher off-medication gait score predicts negative
long-term motor outcomes, whereas younger age at disease onset is
a positive predictive factor.61 High age as a negative predictive fac-
tor seems intuitive because elderly patients have less cognitive
reserve, a higher incidence of levodopa-resistant symptoms and
shorter life expectancy. In the present study, younger age at surgery
was the most important predictor of physical independence at
5 years, while the group that became physically dependent, preop-
eratively used higher doses of dopaminergic treatment, had less
tremor symptoms on-medication, more severe sleep symptoms,
and more non-motor ADL symptoms. Disease duration was not a
predictor. The reason for this is not certain, but probably reflects
that some patients progress faster than others, and because STN-
DBS is not disease modifying, those patients will have less beneficial
long-term results.

A weakness in many long-term studies is high drop-out rates, possi-
bly leading to bias because the patients with worse mobility and cog-
nitive outcome do not come for follow-up. In one study 17 of
50 patients died during follow-up, and they were on average older at
the time of surgery.62 Also in other long-term studies, results are
reported on a significantly lower proportion of patients than those
operated in the time period.20–22 A strength of our study is the pro-
spective design and the fact that we can account for all our patients. In
the prediction analysis for physical independence versus dependence,
all 54 patients were included for the predictive variables (except for
PDSS with n = 52). However, it is challenging to assess the most
affected patients with certain neuropsychological tests, specifically in
the domains of executive function and processing speed. This may
represent a potential bias. Therefore, these scores should be regarded as
a “best outcome,” rather than a full representation of outcome. For
the first year there were, however, relatively few drop-outs.

In conclusion, our study confirms good long-term effect of
STN-DBS on motor symptoms and fluctuations and also on sleep
disturbances. Progression of the underlying degenerative disease pro-
cess is, however, evident also in this cohort. Our findings also indi-
cate that STN-DBS surgery might have a negative impact on verbal
fluency and executive function. Regarding preoperative risk–benefit
evaluation, we confirm that age is a key factor, but level of dopami-
nergic treatment and magnitude of non-motor symptoms also
deserve to be considered. These factors seem to be more important
than disease duration or the exact magnitude of the preoperative
levodopa response. This response is important for short term results,
but does not seem to predict long-term outcomes. We propose to
carefully consider which are the key factors in the preoperative risk–
benefit evaluation, especially in patients older than 65 years. Further
prospective studies designed specifically to evaluate predictive factors
are needed, which include patient characteristics, operation method,
potential future biomarkers and non-motor symptom evaluations.
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