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Bilateral Subthalamic Nucleus Deep Brain
Stimulation in Elderly Patients With Parkinson
Disease: A Case-Control Study

BACKGROUND: Subthalamic nucleus deep brain stimulation (STN DBS) is an effective
adjunctive therapy for Parkinson disease. Studies have shown improvement of motor
function but often exclude patients older than 75 yr.

OBJECTIVE: To determine the safety and effectiveness of STN DBS in patients 75 yr and
older.

METHODS: A total of 104 patients (52 patients >75 yr old, 52 patients <75 yr old) with STN
DBS were paired and retrospectively analyzed. The primary outcome was change in Unified
Parkinson Disease Rating Scale (UPDRS) subscale Il at 1yr postoperatively, OFF medication.
Secondary outcomes were changes in UPDRS |, Il, and IV subscales and levodopa equiva-
lents. Complications and all-cause mortality were assessed at 30 d and 1yr.

RESULTS: Both cohorts had significant improvements in UPDRS lll at 6 mo and 1yr with no
difference between cohorts. Change in UPDRS Ill was noninferior to the younger cohort.
The cohorts had similar worsening in UPDRS | at 1 yr, no change in UPDRS Il, similar
improvement in UPDRS IV, and similar levodopa equivalent reduction. There were similar
numbers of postoperative intracerebral hemorrhages (2/52 in each cohort, more severe in
the older cohort) and surgical complications (4/52 in each cohort), and mortality in the

older cohort was similar to an additional matched cohort not receiving DBS.

CONCLUSION: STN DBS provides substantial motor benefit and reduction in levodopa
equivalents with a low rate of complications in older patients, which is also noninferior
to the benefit in younger patients. STN DBS remains an effective therapy for those over

75yr.

KEY WORDS: Deep brain stimulation, Parkinson disease

Operative Neurosurgery 19:234-240, 2020

DOI:10.1093/ons/opaa049

diopathic Parkinson disease (PD) is a
progressive neurodegenerative disease with
motor and nonmotor features that causes
substantial morbidity. Dopaminergic therapy
improves early motor signs and symptoms of
PD; however, motor fluctuations, dyskinesias,
and nonmotor effects narrow the therapeutic
window in advanced PD.! Subthalamic nucleus

ABBREVIATIONS: DBS, deep brain stimulation;
LEDD, levodopa equivalent dose; PD, Parkinson
disease; STN DBS, subthalamic nucleus deep brain
stimulation; UPDRS, Unified Parkinson Disease
Rating Scale
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deep brain stimulation (STN DBS) substan-
tially reduces fluctuations and improves motor
function while reducing adverse effects of
levodopa therapy.>* Prior studies of STN DBS
have often excluded patients over the age of 75
because of concerns about decreased benefit and
higher risk of poor outcomes.” However, PD is
more common in older people and invariably
progresses with age, making older individuals
an important group of patients with advanced
symptoms.®’

Conlflicting reports regarding effectiveness of
STN DBS in older patients with PD highlight
a lack of consensus. A subgroup analysis in a
large prospective trial indicated that a similar
proportion of patients over the age of 70
experienced motor benefit compared to younger
patients, though the number of these subjects
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FIGURE 1. Flow chart for selection and analysis of participants in DBS outcomes.

in the previously excluded over 75 group is unknown.® A smaller
study indicated a significant improvement in PD motor signs
in older patients, but the magnitude was less compared to
younger patients.” This was predicted preoperatively by reduced
levodopa responsiveness; however, older age may correlate with
less levodopa responsiveness independent of disease duration.'?
One study (n = 11) showed less motor improvement and more
pronounced cognitive decline in the 6 patients aged 70 yr and
older.!" Another study showed equal motor benefit and side
effects for patients over 65; whereas, a third cited more surgical
complications in the over-65 group.'>'> However, older age did
not correlate with complications of deep brain stimulation (DBS)
surgery in a Medicare database study.'* Two recent studies of DBS
in the elderly found that DBS is equally effective in those over
70 compared to younger patients, though these were limited by
inclusion of DBS of multiple targets.'>!® These studies and the
lack of larger trials with focus on very elderly patients with PD
underscore the need for further investigation.

When determining DBS candidacy, assessments of both safety
and benefit are critical. Among United States Medicare benefi-
ciaries, those aged 70 to 79 make up the greatest prevalence of
PD."” Furthermore, although patients aged greater than 75 make
up more than 70% of the PD United States Medicare beneficiary
population, they represent only 28% of patients receiving DBS
therapy.'® This may be due to reluctance to refer these patients
to DBS surgery because of the paucity of data for DBS in this
population. DBS candidacy in older adults may be limited by
incidence of dementia or functional decline; however, consensus
does not exist for DBS efficacy in elderly patients who would
otherwise be adequate DBS candidates. The present study aims
to evaluate the hypothesis that STN DBS is safe and effective for
the treatment of motor symptoms of PD in patients over the age
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of 75 with PD by using analyses of motor outcomes, quality of
life, and safety.

METHODS

Data Collection

The protocol for this study was registered at Clinicaltrials.gov, ID
NCT03992625. Data were gathered from a consecutive retrospective
chart review of all 52 patients aged 75 and older with idiopathic PD
treated with bilateral STN DBS at a single tertiary care center from 1999
t0 2017 and a younger cohort [n = 52] (Figure 1). All patients underwent
neuropsychological testing for DBS candidacy and were not demented
at the time of surgery (cutoff of 130 on the Mattis Dementia Rating
Scale). There was no maximal age cutoff to determine surgical candidacy,
and all patients were chosen based on 1 or more of the following:
motor fluctuations, medication-limiting side effects, and medication-
refractory tremor. All patients underwent presurgical levodopa challenge
using a dose equivalent to their known effective dose of antiparkin-
sonian medication, demonstrating levodopa-responsive parkinsonism. '’
DBS surgery was performed with limited microelectrode recordings as
described elsewhere and was performed by 2 functional and stereotactic
neurosurgeons.?’ All cases were performed with bilateral DBS electrodes
placed on the first operative day, followed by bilateral implantable pulse
generator (IPG) implantation approximately 2 wk later. The younger
cohort patients were matched to the older patients based on date of
surgery and performing surgeon, with younger patients chosen as the
DBS surgeries performed immediately prior to the older by the same
surgeon. No more than 2 patients aged 75 and older underwent DBS
implantation in chronologically consecutive order, and the surgery for
each matching younger patient was within 3 mo of the older patient.
This controlled for variations in neurosurgery technique, experience,
treating neurologist, programming experience, implantation hardware,
and innovation in medical treatments. This younger cohort was selected
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from the 579 patients that had STN DBS surgery for PD during this
time.

Unified Parkinson Disease Rating Scale (UPDRS)?! subscales I to IV
were used to compare preoperative ratings to postoperative outcomes at
6- and 12-mo follow-up appointments in an intention-to-treat model
with the last evaluation carried forward. Patients were censored from
outcome analysis if they had no recorded UPDRS III scale either preop-
eratively or at 6 mo. All UPDRS III measurements were performed
after overnight withdrawal of dopaminergic medications in the practi-
cally defined OFF state.?> Medication changes were calculated using daily
levodopa equivalent dose (LEDD) at the 3 time points.'> The primary
outcome measure was improvement in the motor subscale (UPDRS III)
at 12 mo. Secondary outcomes were changes in UPDRS III at 6 mo,
cognitive (UPDRS 1), quality of life (UPDRS II), and adverse effects of
therapy (UPDRS IV) subscales, as well as LEDD.

Adverse events from surgery through January 2017 and all-cause
mortality at 30 d and 1 yr were collected in both cohorts, and no patients
were censored from this analysis. Clinical documentation was evaluated
for DBS-related complications including DBS-related infection, device
malfunction, intracranial hemorrhage, and all other complications. To
further investigate the effect of DBS on mortality for the older cohort,
an additional cohort of patients with idiopathic PD who did not receive
DBS were retrospectively matched to the older DBS cohort by sex, age,
and UPDRS III, with all matched subjects being within 1 yr and 2 points
on the UPDRS III with respect to the subject they were matched to.
Based on the matched age of each patient, 1-yr all-cause mortality was
then calculated.

Each patient provided written informed consent to participate in
evaluation of outcomes from DBS. The protocol was approved by the
Institutional Review Board at this center.

Statistical Analysis

A paired-samples #test in SPSS (IBM SPSS version 23, IBM Corp,
Armonk, New York) was used to compare UPDRS Il and IV and LEDD
between the groups at each time point and to compare UPDRS III
and IV and LEDD between different time points. Statistical significance
was determined by P < .05. A noninferiority test was performed for
change in UPDRS III at each time point, with the older cohort being
compared to the younger cohort. A 95% confidence interval was calcu-
lated for change in UPDRS III at 6 mo and 12 mo and compared
with minimum clinically significant change in UPDRS II1.%> Because
UPDRS I and II were not normally distributed, a Wilcoxon signed-
rank test was used to compare postsurgical time points to presurgical
time points and between groups at each time point. Fisher’s exact test
was used to compare mortality between the older DBS cohort and the
matched nonDBS cohort. Multiple comparisons within each cohort and
between cohorts were controlled using the Benjamini—-Hochberg false
discovery rate. Uncorrected P values are displayed, and nonsignificance
after multiple comparisons testing is noted.

RESULTS

A total of 34 patients (17 pairs) were censored in outcome
analyses because of insufficient preoperative or follow-up data
but were included in the adverse events analysis. The majority
of censored patients (10 of 17 pairs) had surgeries in the
first 5 yr of this study (1999-2003), which was explained by

widespread deficiencies in recorded preoperative data during this
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TABLE. Baseline Characteristics

Category Age >75 Age <75 P value
Age at surgery (years)? 776 £2.8 60.8 £7.1 <.001
Sex (male) 51.4% 62.9% 10
Disease duration (years) 133+ 6.1 13.0 =71 .83
UPDRS | (Baseline) 17+15 19+18 .66
UPDRS Il (Baseline) 120+ 6.7 78+£73 .054
UPDRS Ill (Baseline) 40.4 £10.7 38.7 £13.1 58
UPDRS IV (Baseline) 23+19 27421 46

2Denotes significant differences.

time period. Postoperative UPDRS III scores at 12 mo were
similar between older and younger cohorts within censored pairs
(older: 34.7 £ 14.5; younger: 32.1 £ 12.0), though 3 patients
in the older group did not have postoperative data because of
early mortality. Among patients not censored, the 2 cohorts, as
expected, were significantly different in age at surgery (77.6 £ 2.8
and 60.7 £ 7.1, P < .001). Age ranged from 43 to 87 yr at
surgery. The cohorts had similar disease duration and disease
severity measured preoperatively by UPDRS (Table). The groups
did differ by sex with 48% women in the older cohort vs 34%
women in the younger cohort.

The motor subscale (UPDRS I1II) improved in both cohorts.
UPDRS IIT scores in the older cohort improved at 6 mo
(mean £ SD) (33.3 £20.5%, P < .001) and 1 yr (32.8 & 23.0%,
P < .001). UPDRS III scores in the younger cohort similarly
improved at 6 mo (33.7 £ 22.7%, P < .001) and 1 yr
(29.5 £ 28.2%, P < .001) (Figure 2). Percent UPDRS III
improvement did not differ between the 2 cohorts (P = .922 at
6 mo, P =.622 at 1 yr). A noninferiority analysis was performed
for the over-75 cohort in comparison with the under-75 cohort
using a minimum clinically important difference of 5 points
on the UPDRS III (with positive change being the direction
of inferiority).”> The 95% confidence interval for the difference
in change in UPDRS III between over-75 and under-75 (older
minus younger) at 6 mo was —6.3 to 2.6, and at 12 mo was —8.7
to 4.0; thus, DBS in the older cohort was noninferior to DBS in
the younger cohort.

Cognitive subscales (UPDRS I) were similar in both cohorts
at baseline (older, n = 31; median = 1, range 0 to 7,
younger, n = 29; median = 1, range 0 to 7). UPDRS I
scores in both cohorts did not change at 6 mo (older: median
change = 1, Z = 1.74, P = .081; younger: median change = 0,
Z = 0.321, P = .748) but nonsignificantly worsened at
1 yr in the older group (older; median change = 1, Z = 1.97,
P = .049 *nonsignificant after correcting for multiple compar-
isons, younger; median change = 0, Z = 0.440, P = .660) with
no significant difference in change at cither time point between
the groups. A total of 7 patients in the older cohortand 11 patients
in the younger cohort improved in UPDRS I score over the study
period; whereas, 16 in the older cohort and 11 in the younger
cohort worsened.
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FIGURE 2. A, Total UPDRS I1I at preoperative, 6 mo, and 1 yr. B, Percent change in UPDRS I from preoperative, 6 mo
and 1 yr. Bilateral STN DBS reduced OFF-medication total UPDRS II1 significantly at 6 mo and 1 yr in both the young
and old cohorts. Total UPDRS III and percent change in UPDRS III were not different between the 2 groups. Error bars
represent 95% confidence intervals. * P < .001, compared to preoperative, when corrected for multiple comparisons.

Activities of daily living subscale (UPDRS II) were similar in
both cohorts at baseline (older, n = 31; median = 10, range 1
to 32, younger, n = 29; median = 7, range 0 to 35). UPDRS
II did not change in either cohort at 6 mo (older; median
change = 1, Z = 1.0, P = .317, younger; median change = 1,
Z = 1.12, P = .264) or 1 yr (older; median change = 0,
Z = 0.8, P = .939, younger; median change = 1, Z = 1.2,
P = .230). A total of 15 patients in the older cohort and
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9 patients in the younger cohort improved in UPDRS II score
over the study period, whereas 14 in the older cohortand 15 in the
younger cohort worsened. UPDRS IV scores in the older cohort
(n = 31) improved at 6 mo (—1.10 % 1.94 points, P = .004)
and 1 yr (—1.29 &+ 1.79 points, P < .001). UPDRS IV scores
in the younger cohort (n = 31) similarly improved at 6 mo
(—1.80 = 2.29 points, P < .001) and 1 yr (—1.82 =% 2.54 points,
P < .001).
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FIGURE 3. 7otal daily levodopa equivalents. Both groups took significantly less dopaminergic medication ar 6 mo and 1 yr
after STN DBS. The older group had a significantly lower baseline LEDD, though the change in LEDD was not significantly
different between groups at either time point. Error bars represent 95% confidence intervals. * Significant change from baseline,

LEDD change did not differ between the older and younger
cohorts at either time point. The older cohort significantly
reduced medication from 1308 + 604 mg LEDD to 890 =+
549 mg LEDD at 6 mo (P = .001) and further to 773 +
333 mg at 1 yr (P < .001). The younger cohort significantly
reduced medication from 1825 £ 1103 mg LEDD to 1146 +
680 mg LEDD at 6 mo (P < .001) and further to 1044 &
682 mg at 1 yr (P < .001) (Figure 3). The change in LEDD
did not differ between the cohorts, although baseline LEDD was
significantly lower in the older cohort (? = .013).

Adverse Events

Surgical complications were infrequent and similar between
the 2 groups, with 4 out of 52 in each group experiencing
a surgical complication, although complications in the older
group were often more severe. Of the 104 patients, 1 had device
infection (in the older cohort). There were 4 hemorrhages, all
immediately postsurgery (2 in the older cohort and 2 in the
younger cohort). One of the hemorrhages (in the older cohort)
was fatal, and the other in the older cohort caused functional
decline; whereas, the 2 hemorrhages in the younger cohort
produced only transient confusion. Of the 4 patients with hemor-
rhage, 2 were on aspirin preoperatively; whereas, none were on
other antiplatelet or anticoagulant therapy. Other complications
included ventricular arrhythmia (1 in the younger cohort) and
urinary retention persisting beyond the immediate hospitalization
(1 in each cohort), each occurring immediately following surgery.
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All-cause mortality at 1-yr follow-up was higher in the older
cohort (6 patients) than the younger cohort (zero patients). Only
1 patient (in the older cohort) died as a direct result of the
DBS surgery (intraparenchymal hemorrhage of the basal ganglia
immediately after electrode implantation), and this was the only
death at 30 d. Another patient (in the older cohort) experi-
enced functional decline after an intraventricular hemorrhage
immediately after electrode implantation and died of ischemic
colitis after several months. One patient in the older cohort
had known terminal lung cancer, and STN DBS was placed for
palliation; they died from complications of cancer. Causes of
death included metastatic cancer, myocardial infarction, ischemic
colitis, congestive heart failure (2 patients), and intraparenchymal
hemorrhage (Table, Supplemental Digital Content). All-cause
mortality in the non-DBS cohort matched by age, sex, and
UPDRS III was 4 out of 52 (8%) at 1 yr, which was similar to
the older DBS group at 6 out of 52 (12%, P = .397).

DISCUSSION

This study provides evidence of benefit from STN DBS
for patients over 75 with advanced PD, which is also nonin-
ferior to STN DBS performed in similar patients under 75.
The approximately 30% average improvement of the motor
subscale (UPDRS III) in the OFF-medication state is similar
to results from prior trials.®?* Importantly, complications of
therapy subscale (UPDRS 1V), which is an indicator of motor
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fluctuations that are often the primary indication for DBS,
improved to a similar extent in both cohorts. Reduction in total
daily levodopa equivalents likely contributed to this improvement
and may have also helped with nonmotor complications of
dopaminergic therapy. Interestingly, younger patients took signif-
icantly more dopaminergic medication both before and after
surgery than older patients. These data suggest that the benefits
of STN DBS for advanced PD are not different between patients
younger and older than 75. Although these results differ from
smaller studies examining patients older than 70, they represent
a larger systematic assessment of DBS outcomes in PD in elderly
patents.®%

Surgical Complications

Although hemorrhage occurred at the same rate in both older
and younger cohorts in our study (2 out of 52 patients in each
cohort, 4%), the severity of hemorrhages in the older cohort was
greater and contributed to mortality in both cases. Antiplatelet
use in 2 of the 4 patients with hemorrhage may indicate this as
a risk factor. The relationship between age and hemorrhage risk
is complex. One large registry study showed that advancing age
correlated with a higher hemorrhage rate; however, multivariate
regression revealed this correlation was confounded by medical
comorbidities. Smaller studies have conflicting results with some
reporting no association of age with hemorrhage after stereotactic
surgery’®?” and others reporting a higher risk.**->> Based on
our study and these prior data, medical comorbidities and so-
called “physiological age” should be strongly considered prior to
DBS; however, older age alone does not seem to be a predictor
for poor outcomes. Although more deaths occurred in the older
cohort within a year of follow-up, only 1 death could be attributed
directly to the STN DBS surgery itself, whereas it may have
contributed to a second death. Furthermore, there was no signif-
icant difference in all-cause mortality between the older cohort
and an otherwise similar non-DBS cohort despite the fact that the
DBS cohort included 1 patient with pre-existing terminal cancer
at the time of DBS. Overall, this study does not demonstrate that
STN DBS is associated with increased mortality in those over 75.

Limitations

This retrospective analysis included detailed assessments of
elderly PD patients OFF medication at regular follow-ups with
all 4 subscales of the UPDRS; however, there are limitations to
the interpretation. UPDRS I provided a very crude indicator
of cognitive status, and so, no conclusions regarding cognitive
function should be drawn from this data. A more compre-
hensive scale would better evaluate cognitive changes after DBS
in future studies. UPDRS II, a measure of quality of life, did
not improve in either group. Validated scales including PDQ-39
have been used in prior DBS outcomes studies and consistently
show improvement; therefore, these data do not provide sufficient
evidence to comment on differences in quality of life between
groups.4’5’8 Furthermore, there were sex differences between
cohorts, although several studies have shown no difference in
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motor improvement between sexes in STN DBS.*-%> The data
are strengthened by the homogeneity of surgical techniques.
Additionally, the 2 groups were matched by date and surgeon to
account for surgical experience of the center and the surgeons,
DBS advances, programming experience, as well as advances in
medical management.

CONCLUSION

Given the improvement that STN DBS provides for motor
signs and symptoms of PD, as well as reduction of medications
and adverse effects of medication, we conclude that STN DBS is
effective for the treatment of elderly patients with advanced PD.
Odur results suggest that age alone should not be used as an exclu-
sionary criterion for STN DBS in advanced PD.
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