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Deep brain stimulation (DBS), a neurosurgical pro-
cedure that involves using implanted electrodes to 
stimulate certain nuclei within the brain, is most 

commonly used to treat motor symptoms associated with 
movement disorders.1 DBS is frequently used to treat the 
motor symptoms related to Parkinson disease via stimula-
tion of the subthalamic nucleus or the globus pallidus, usu-

ally bilaterally.2 Essential tremor is also commonly treated 
with DBS via stimulation of the nucleus ventrointermedi-
us, with widely demonstrated safety and efficacy.3,4 Newer 
indications for DBS include stimulating the globus pal-
lidus internus for dystonia and, rarely, the hypothalamus 
for short-lasting unilateral neuralgiform headache attacks 
with conjunctival injection and tearing.5,6 Clinical trials 
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OBJECTIVE Deep brain stimulation (DBS) is an elective procedure that can dramatically enhance quality of life. Be-
cause DBS is not considered lifesaving, it is important that providers produce consistently good outcomes, and one 
factor they usually consider is patient age. While older age may be a relative contraindication for some elective surger-
ies, the progressive nature of movement disorders treated with DBS may suggest that older patients stand to benefit 
substantially from surgery. To better understand the risks of treating patients of advanced age with DBS, this study com-
pares perioperative complication rates in patients ≥ 75 to those < 75 years old.
METHODS Patients undergoing DBS surgery for various indications by a single surgeon (May 2013–July 2019) were 
stratified into elderly (age ≥ 75 years) and younger (age < 75 years) cohorts. The risks of common perioperative com-
plications and various outcome measures were compared between the two age groups using risk ratios (RRs) and 95% 
confidence intervals (CIs).
RESULTS A total of 861 patients were available for analysis: 179 (21%) were ≥ 75 years old and 682 (79%) were < 75 
years old (p < 0.001). Patients ≥ 75 years old, compared with those < 75 years old, did not have significantly different 
RRs (95% CIs) of seizure (RR 0.4, 95% CI 0.1–3.3), cerebrovascular accident (RR 1.9, 95% CI 0.4–10.3), readmission 
within 90 days of discharge (RR 1.22, 95% CI 0.8–1.8), explantation due to infection (RR 2.5, 95% CI 0.4–15.1), or surgi-
cal revision (for lead, RR 2.5, 95% CI 0.4–15.1; for internal pulse generator, RR 3.8, 95% CI 0.2–61.7). Although the risk 
of postoperative intracranial bleeding was higher in the elderly group (6.1%) than in the younger group (3.1%), this dif-
ference was not statistically significant (p = 0.06). However, patients ≥ 75 years old did have significantly increased risk 
of altered mental status (RR 2.5, 95% CI 1.6–4.0), experiencing more than a 1-night stay (RR 1.7, 95% CI 1.4–2.0), and 
urinary retention (RR 2.3, 95% CI 1.2–4.2; p = 0.009).
CONCLUSIONS Although elderly patients had higher risks of certain outcome measures than younger patients, this 
study showed that elderly patients undergoing DBS for movement disorders did not have an increased risk of more 
serious complications, such as intracranial hemorrhage, infection, or readmission. Advanced age alone should not be 
considered a contraindication for DBS.
https://thejns.org/doi/abs/10.3171/2020.8.JNS201283
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are currently underway to investigate a surgical treatment 
for Alzheimer disease via DBS of the bilateral fornix.7–9

As the use of DBS is expanded to treat symptoms of an 
increasing number of diseases, more patients are finding 
relief from this operation, leading to a large amount of 
research into what types of patients are good candidates 
for DBS. In many of the early clinical trials, hard age cut-
offs were set, commonly at the age of 75 years, prevent-
ing inclusion of elderly patients.2,4 This age restriction in 
the published literature has formed a barrier to treatment 
for the elderly population and is problematic for several 
reasons. While age certainly correlates with many health 
measures, individualized patient review must be per-
formed to account for variability between patients and to 
determine surgical candidacy. Furthermore, many of the 
diseases treated with DBS are progressive and therefore 
affect elderly individuals more frequently and severely. At 
the Barrow Neurological Institute (BNI) in Phoenix, Ari-
zona, while age is considered in determining overall sur-
gical candidacy, it is not used as a hard exclusion criterion. 
To better understand how patients aged 75 and older toler-
ate DBS, we compared perioperative complications and 
outcomes between elderly (age ≥ 75 years) and younger 
(age < 75 years) patients undergoing DBS. Illustrative cas-
es demonstrating intracranial bleeding and infection after 
DBS surgery are also provided.

Methods
Study Design and Surgical Technique

The study design and methods were approved by the 
St. Joseph’s Hospital and Medical Center IRB for Human 
Research. A retrospective analysis was performed using 
data from an institutional DBS database; requirements for 
informed patient consent for this analysis were waived be-
cause of the retrospective nature of the study. The surgical 
DBS technique was described fully in previous articles,10 
and patients or their surrogates provided informed consent 
for the DBS surgical procedures and for data to be housed 
in the institutional database. Briefly, the DBS procedure 
comprised burr hole placement, followed by electrode im-
plantation to the area of interest. Perioperative imaging 
included a preoperative head MRI study to visualize deep 
brain nuclei, a preoperative head CT study to assist with 
navigation, and a postoperative CT study to ensure proper 
lead placement. The second part of the procedure, usually 
a second surgery, involved placing an internal pulse gen-
erator (IPG) into the infraclavicular area.

Patients at BNI (May 2013–July 2019) undergoing DBS 
performed by a single surgeon (F.A.P.) were included in 
the analysis. Only the first surgery was considered in this 
study; revision surgeries or the second part of the proce-
dure were excluded.

Patients were divided into two age groups (< 75 or ≥ 
75 years of age at the time of DBS). Patient demographics 
and characteristics as well as several outcome measures 
were compared between the two age groups. Outcome 
measures reviewed were postoperative intracranial bleed-
ing, seizures, cerebrovascular accidents, change in men-
tal status, urinary retention, lead explantation, revision, 
IPG complication, intensive care unit (ICU) placement, 

length of hospital stay, discharge disposition, death within 
90 days of discharge, and hospital readmission within 90 
days of discharge.

Statistical Analysis
SPSS (IBM Corp.) was used to perform statistical 

analyses. Patient populations were compared using Pear-
son chi-square analysis for categorical variables and an 
independent t-test for continuous variables. For patient 
outcomes, the risk ratio (RR) of each outcome measure 
was calculated, considering advanced age as the expo-
sure. From this, the 95% confidence interval (CI) and 
p value were also calculated.11 A CI that did not include 
1.00 and a p value < 0.05 were considered statistically 
significant.

Results
Patient Characteristics

A total of 861 patients were included in the study: 179 
(21%) were ≥ 75 years old (elderly cohort) and 682 (79%) 
were < 75 years old (younger cohort). The mean age ± SD 
at operation was 66.2 ± 11.5 years overall, 78.0 ± 2.9 years 
for the elderly group, and 63.1 ± 10.9 years for the younger 
group (p < 0.001). Overall, 555 patients (64.4%) were men; 
this difference was not statistically significant (p = 0.95) 
between the elderly group (115/179, 64.2%) and younger 
group (440/682, 64.5%). The most common indication 
for DBS was Parkinson disease, comprising 558 (64.8%) 
of all patients, including 109 (60.9%) of the elderly group 
and 449 (65.8%) of the younger group. Additionally, pa-
tients in the elderly group were more likely to undergo sur-
gery for essential tremor (68/179, 38.0%) than those in the 
younger group (191/682, 28.0%; p = 0.01), while patients in 
the younger group were more likely to undergo surgery for 
dystonia (36/682, 5.3%) than elderly patients (2/179, 1.1%; 
p = 0.02). Both groups of patients were similar with re-
spect to the presence of mild cognitive impairment (MCI) 
at baseline (p = 0.06), whether the surgery was performed 
with the patient asleep or awake (p = 0.10), the number of 
electrode passes required (p = 0.30), and the procedure 
time, described as the time from the first incision to clos-
ing of skin (p = 0.06). Finally, the proportions of patients 
who underwent intraoperative target verification via im-
age-guidance and intraoperative CT (p = 0.59), microelec-
trode recording (p = 0.99), microstimulation (p = 0.80), and 
macrostimulation (p = 0.21) were similar between the age 
groups. These patient demographics and indications for 
DBS are included in Table 1.

Complications and Outcomes
A comparison of the perioperative complications and 

outcome measures for the 179 patients ≥ 75 years old (el-
derly) and 682 patients < 75 years old (younger) are shown 
in Table 2, and results are detailed below.

Intracranial Hemorrhage
The overall rate of postoperative intracranial hemor-

rhage was 3.7% (n = 32); it was higher in the elderly group 
(6.1%) than in the younger group (3.1%), but the differ-
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ence was not statistically significant (p = 0.06). However, 
when considering types of bleeds, the risk of experienc-
ing a subdural hemorrhage was significantly higher in the 
elderly group (3.4%) versus the younger group (1.0%; p = 
0.03). The rates of subarachnoid hemorrhage and intrapa-
renchymal hemorrhage were similar between groups (p ≥ 
0.06). For those who experienced a hemorrhage, informa-
tion about bleed timing is included in Table 3. Images of 
characteristic hemorrhages after DBS are shown in Fig. 1.

Seizure and Stroke
Seizures occurred in 1.2% of patients (n = 10) over-

all, with a similar rate between the two age groups (0.6% 
among elderly patients, 1.3% among younger patients; p 
= 0.42). Only 6 (0.7%) of 861 patients overall experienced 
a cerebrovascular accident after DBS; the rate of stroke 
among elderly (1.1%) and younger (0.6%) patients was 
similar (p = 0.46).

Altered Mental Status
The rate of patients experiencing altered mental sta-

tus postoperatively was significantly higher in the el-
derly group versus the younger group (15.1% vs 6.0%, p 
< 0.001), with 7.9% (n = 68) of all patients experiencing 
altered mental status postoperatively. When stratified for 
preoperative diagnosis of MCI, it was found that age was a 
risk factor for altered mental status only in those who had 

MCI at baseline (10.1% vs 2.8%, p = 0.001), not for those 
in whom MCI was excluded (p = 0.25) or those in whom 
MCI was not evaluated (p = 0.61).

Discharge Disposition
While 87.0% (n = 750) of patients overall were dis-

charged home after surgery, those in the younger group 
were significantly more likely to be discharged home than 
those in the elderly group (88.7% vs 81.0%, p = 0.02). In 
contrast, the elderly patients were significantly more likely 
than younger patients to be discharged to a rehabilitation 
facility (15.6% vs 8.5%, p = 0.004) or a skilled nursing 
facility (SNF; 3.4% vs 0.7%, p = 0.01). For some patients, 
discharge to rehabilitation was planned before surgery. 
After these patients were removed from the calculation, 
the rate of patients with unplanned rehabilitation place-
ment postoperatively (n = 79 overall, 9.2%) was also sig-
nificantly higher for elderly patients than for younger pa-
tients (14.0% vs 7.9%, p = 0.01). Additionally, 1 patient in 
the elderly group was living at an SNF prior to surgery. 
When this patient was excluded, the risk of SNF place-
ment was still higher in the elderly group (1.8%, p = 0.02). 
Of note, the patients who could not be categorized into 
the discharge settings noted above were scheduled to be 
transferred to another hospital; all were younger than 75 
years old. One patient, who was younger than 75 years old, 
died within 90 days of discharge.

TABLE 1. Patient demographics and clinical characteristics

Characteristic Total, n = 861 ≥75 Yrs, n = 179 <75 Yrs, n = 682 p Value

Mean age, yrs 66.2 ± 11.5 78.0 ± 2.9 63.1 ± 10.9 <0.001
Mean disease duration, yrs 13.6 ± 12.8 14.2 ± 14.3 13.5 ± 12.4 0.54
Sex, n (%) 0.95
 Male 555 (64.4) 115 (64.2) 440 (64.5)
 Female 306 (35.5) 64 (35.8) 242 (35.5)
DBS indication, n (%)
 Parkinson disease 558 (64.8) 109 (60.9) 449 (65.8) 0.22
 Essential tremor 259 (30.1) 68 (38.0) 191 (28.0) 0.01
 Dystonia 38 (4.4) 2 (1.1) 36 (5.3) 0.02
 SUNCT 1 (0.1) 0 (0) 1 (0.1) NA
 Tourette syndrome 5 (0.6) 0 (0) 5 (0.7) NA
MCI at baseline, n (%)* 310/690 (44.9) 79/153 (51.6) 231/537 (43) 0.06
Surgical technique, n (%) 0.10
 Awake 122 (14.2) 32 (17.9) 90 (13.2)
 Asleep 739 (85.8) 146 (81.6) 593 (87.0)
Mean no. of electrode passes 1.07 ± 0.32 1.09 ± 0.40 1.07 ± 0.29 0.30
Mean procedure time, hrs 2.51 ± 0.78 2.34 ± 0.74 2.54 ± 0.79 0.06
Target verification, n (%) 0.59
 Image-guided navigation 816 (94.8) 168 (93.9) 648 (95.0)
 Microelectrode recording 164 (19.0) 34 (19.0) 130 (19.1) 0.99
 Microstimulation 59 (6.8) 13 (7.3) 46 (6.7) 0.80
 Macrostimulation 133 (15.4) 33 (18.4) 100 (14.7) 0.21

NA = not applicable; SUNCT = short-lasting unilateral neuralgiform headache attacks with conjunctival injection and tearing.
Data are presented as mean ± SD or number of patients (%) unless otherwise indicated; p values are for comparison of the two age groups. 
* Neuropsychiatric evaluation was performed for only 690 patients (153 in the elderly group, 537 in the younger group).
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Prolonged Hospital Stay
Age was linked to a higher risk of staying more than 

1 night after surgery for any reason (50.8% of the elderly 
group vs 30.2% of the younger group, p < 0.001); overall, 
297 patients (34.5%) in the study cohort had more than a 

1-night hospital stay after DBS surgery. After stratifica-
tion by indication for prolonged hospital stay, the rates of 
neurological complication, medical complication, pain/
nausea, or nonmedical reason (such as insurance cover-
age) were similar between the two age groups (p ≥ 0.50).

TABLE 2. Perioperative complications and outcome measures

Variable Total Age ≥75 Yrs, n = 179 Age <75 Yrs, n = 682 RR (95% CI)* p Value

Complications
 Intracranial hemorrhage 32 (3.7) 11 (6.1) 21 (3.1) 2.0 (1.0–4.1) 0.06
 Hemorrhage type
  Subdural 13 (1.5) 6 (3.4) 7 (1.0) 3.3 (1.1–9.6) 0.03
  Subarachnoid 5 (0.6) 3 (1.7) 2 (0.3) 5.7 (1.0–33.9) 0.06
  Intraparenchymal 14 (1.6) 2 (1.1) 12 (1.8) 0.6 (0.1–2.8) 0.56
 Seizure 10 (1.2) 1 (0.6) 9 (1.3) 0.4 (0.1–3.3) 0.42
 Cerebrovascular accident 6 (0.7) 2 (1.1) 4 (0.6) 1.9 (0.4–10.3) 0.46
 Altered mental status
  Overall 68 (7.9) 27 (15.1) 41 (6.0) 2.5 (1.6–4.0) <0.001
  MCI at baseline 37 (4.3) 18 (10.1) 19 (2.8) 2.8 (1.5–5.0) 0.001
  No MCI at baseline 20 (2.3) 6 (3.4) 14 (2.1) 1.8 (0.7–4.5) 0.25
  MCI not evaluated 11 (1.3) 3 (1.7) 8 (1.2) 1.4 (0.4–5.3) 0.61
 Urinary retention 40 (4.6) 15 (8.4) 25 (3.7) 2.3 (1.2–4.2) 0.009
Outcomes 
 ICU placement postop 59 (6.9) 17 (9.5) 42 (6.2) 1.5 (0.9–2.6) 0.12
 Discharge disposition
  Home 750 (87.0) 145 (81.0) 605 (88.7) 0.9 (0.9–1.0) 0.02
  Rehab facility 86 (10.0) 28 (15.6) 58 (8.5) 1.8 (1.2–2.8) 0.004
   Unplanned rehab facility† 79 (9.2) 25 (14.0) 54 (7.9) 1.8 (1.1–2.8) 0.01
  SNF 11 (1.3) 6 (3.4) 5 (0.7) 4.5 (1.4–14.8) 0.01
   Unplanned SNF placement 10 (1.2) 5 (2.8) 5 (0.7) 3.8 (1.2–13.0) 0.02
  Other 14 (1.6) 0 (0.0) 14 (2.1) NA —
 >1 night hospital stay 297 (34.5) 91 (50.8) 206 (30.2) 1.7 (1.4–2.0) <0.001
 Reason for prolonged stay
  Age 54 (6.3) 34 (19.0) 20 (2.9) 6.5 (3.8–11.0) <0.001
  Neurologic change 103 (12.0) 24 (13.4) 79 (11.6) 1.2 (0.8–1.8) 0.51
  Medical change 47 (5.5) 11 (6.1) 36 (5.3) 1.2 (0.6–2.2) 0.66
  Nausea or pain 67 (7.8) 16 (8.9) 51 (7.5) 1.2 (0.7–2.0) 0.53
  Nonmedical 26 (3.0) 6 (3.4) 20 (2.9) 1.1 (0.5–2.8) 0.78
 Explantation
  Overall 12 (1.4) 4 (2.2) 8 (1.2) 1.9 (0.6–6.3) 0.29
  Due to nonefficacy 7 (0.8) 2 (1.1) 5 (0.7) 1.5 (0.3–7.8) 0.64
  Due to infection 5 (0.6) 2 (1.1) 3 (0.4) 2.5 (0.4–15.1) 0.28
  Followed by reimplantation (revision) 5 (0.6) 2 (1.1) 3 (0.4) 2.5 (0.4–15.1) 0.28
 IPG complication 12 (1.4) 6 (3.4) 6 (0.9) 3.8 (1.2–11.7) 0.02
  IPG revision 4 (0.5) 2 (1.1) 2 (0.3) 3.8 (0.5–26.9) 0.19
  IPG infection requiring explantation 2 (0.2) 1 (0.6) 1 (0.1) 3.8 (0.2–61.7) 0.37
 Deceased w/in 90 days of discharge 1 (0.1) 0 (0.0) 1 (0.1) NA —
 Readmission w/in 90 days 107 (12.4) 26 (14.5) 81 (11.9) 1.22 (0.8–1.8) 0.34

rehab = rehabilitation.
Data are presented as number of patients (%) unless otherwise indicated; p values are for comparison of the two age groups.
* Risk ratio in patients ≥ 75 years old versus those < 75 years old.
† Patients in the unplanned rehabilitation category are a subgroup of the rehabilitation discharge category.
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Revisions
The rate of explantation overall was 1.4% (n = 12), 

which was similar between both age groups (2.2% in the 
elderly group, 1.2% in the younger group; p = 0.29). When 
considering whether the explantation was due to noneffi-
cacy or infection, there was still no difference between the 
two groups (p = 0.64 and 0.28, respectively). Finally, when 
considering revisions required in patients who underwent 
the original surgery by the senior author (explantation fol-
lowed by reimplantation), the overall rate was 0.6% (n = 
5), which was similar between the two groups (1.1% in the 
elderly group, 0.4% in the younger group; p = 0.28).

IPG Complications
In terms of complications associated with the surgery 

for IPG placement, the complication rate was very low 
(1.4%, n = 12), with a significantly higher rate in the el-
derly group (3.4%) than in the younger group (0.9%, p = 
0.02). A small portion of these complications required a 
revision surgery (0.5% overall, 1.1% in the elderly group, 
0.3% in the younger group; p = 0.19), and an even smaller 
group of IPG complications was caused by an infection 
requiring explantation (0.2% overall, 0.6% in the elderly 
group, 0.1% in the younger group; p = 0.37). The rates of 
IPG complication requiring revision surgery or explanta-
tion were similar between the two groups.

Readmission Within 90 Days of Discharge
Overall, 107 patients (12.4%) in the entire study co-

hort were readmitted to the hospital within 90 days of 

discharge after DBS surgery. The elderly group was at an 
increased risk of 90-day readmission (14.5%) compared to 
the younger group (11.9%), but this increase was not sta-
tistically significant (p = 0.34). The most common reasons 
for readmission were fall, pain, or a transient neurological 
symptom such as dizziness.

Illustrative Cases
Patient 1 was a 68-year-old man with a medical history 

of heart disease and a surgical history including abdomi-
nal aortic aneurysm repair and triple cardiac artery bypass 
graft surgery. He presented to our clinic with a 2-year diag-
nosis of Parkinson disease. He had symptoms for 20 years, 
but multiple sclerosis had been previously misdiagnosed. 
Levodopa had greatly improved his symptoms of rigidity 
and walking difficulty, but his tremor persisted, impairing 
his ability to feed and dress himself. In addition, he had 
some dyskinesia. After discussing the risks and benefits 
of surgery and obtaining clearance from his cardiologist, 
the patient agreed to a staged DBS surgery. He initially 
received a stimulator within the right ventral intermediate 
thalamic nucleus. On postoperative day (POD) 7, he re-
ceived a right IPG. On POD 53 (from the original surgery), 
he received an electrode within his left globus pallidus in-
ternus. However, on POD 65 (12 days after the globus pal-
lidus internus electrode placement), he began experiencing 
generalized weakness and collapsed in his chair at home. 
When he was brought to the emergency department (ED), 
he was experiencing pulseless electrical activity. Upon car-
diopulmonary resuscitation, the patient regained spontane-

TABLE 3. Time for intracranial hemorrhage to appear on CT

Intracranial  
Hemorrhage Type

No. of 
Patients

Day of Intracranial Hemorrhage CT Findings
Postop Same Day POD 1 POD 2 POD 3 POD 4+

Subdural 13 7 4 0 0 2 0
Subarachnoid 5 3 0 1 0 0 1
Intraparenchymal 14 4 2 2 1 2 3

Data are presented as number of patients.

FIG. 1. Axial CT images show 3 types of frontal intracranial hemorrhages (arrows) after DBS procedures: subdural (A), subarach-
noid (B), and intraparenchymal (C).
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ous cardiac rhythm but was placed on ventilatory support. 
Upon examining his living will, the family agreed to have 
life support removed, and the patient died from cardiac ar-
rest. This patient was the only person in our study to die 
within 90 days of discharge after initial surgery for DBS.

Patient 2 was a 68-year-old man with Parkinson disease 
who underwent an all-in-one bilateral subthalamic nucleus 
DBS electrode placement with a left subclavicular IPG. At 
15 months after the initial surgery, he underwent a scalp 
melanoma resection, which left his hardware visible. Sub-
sequently, 21 months after his initial DBS surgery, he had 
revision surgery to move the DBS hardware so that it was 
no longer visible on his scalp. Five months later he present-
ed to the ED, reporting that while a caregiver at his SNF 
was cleaning his head, a scab was removed, exposing the 
DBS hardware again. This was concerning for a hardware 
infection, so the patient underwent surgery for removal of 
hardware and was started on intravenous cefepime and 
vancomycin. At postoperative month 31, he underwent 
another DBS surgery for replacement of bilateral subtha-
lamic nucleus electrodes. He was discharged on POD 10 
but returned to the ED on POD 12 for altered mental sta-
tus. Imaging demonstrated a right-sided intraparenchymal 
hemorrhage surrounding the DBS lead. He improved with 
supportive care and was discharged after 6 days. This case 
demonstrates the complexity surrounding hardware infec-
tion and its effect on patients.

Patient 3 was a 71-year-old man with a history of hy-
pertension and Parkinson disease who underwent bilateral 
globus pallidus interna electrode placement. His postoper-
ative CT scan confirmed proper electrode location without 
evidence of intracranial pathology. On POD 2, he devel-
oped confusion with slowed speech and an abnormal gait. 
Neurological examination showed no focal findings. An 
urgent CT scan of the head showed an intraparenchymal 
hemorrhage surrounding the right frontal lead. The patient 
was held for a third night, after which his symptoms be-
gan to improve without intervention. He was discharged 
on POD 3. He returned on POD 10 for his IPG implant, 
after which he was discharged on the same day. He has 
continued to follow up with his neurologist without any 
complications requiring neurosurgical consultation.

Discussion
DBS improves symptoms of patients with certain neu-

rological diseases, including elderly patients. One study 
showed similar reductions in medication dosage and Uni-
fied Parkinson’s Disease Rating Scale III score for Parkin-
son disease patients < 65 years old (n = 38) and those ≥ 
65 years old (n = 17).12 Another study of 151 patients with 
Parkinson disease had similar findings comparing patients 
< 70 or ≥ 70 years old, as well as a greater improvement 
among the elderly patients in the number of medication 
doses per day and the levodopa-equivalent daily dose.13 In 
addition, another study of 30 patients > 75 years old dem-
onstrated impressive motor improvement with minimal 
complications following DBS for Parkinson disease.14 In 
our study, we considered the perioperative complications 
and certain outcome measures to compare patients 75 
years of age and older versus those younger than 75 years.

Complications and Outcomes
Intracranial bleeding remains one of the most feared 

short-term postoperative complications of DBS. One study 
of 214 patients undergoing DBS reported that those aged 
60 or older were more likely to experience a postoperative 
hemorrhage than those who were younger.15 Other stud-
ies that compared elderly and younger groups using age 
cutoffs of 65 years16 (total n = 107) and 75 years17 (total n 
= 661) for the elderly population have shown no increased 
risk of hemorrhage associated with age. Our study found 
no statistically significant difference in postoperative in-
tracranial hemorrhage rates by age group. However, the 
risk of experiencing a subdural hemorrhage was signifi-
cantly greater in the elderly group (p = 0.03). It is well 
characterized that elderly patients have a greater degree 
of cerebral atrophy,18 which is augmented in those with 
neurodegenerative disorders such as Alzheimer disease19 
and Parkinson disease,20,21 especially in patients with both 
parkinsonism and dementia.22,23 The fact that atrophy in-
creases the risk of subdural hemorrhage suggests that at-
rophy was likely a contributing factor to the increased rate 
noted in the elderly group.24,25

Additionally, the majority of these bleeds were identified 
on the postoperative CT scan, indicating that hemorrhages 
developed during surgery, with only 2 of 13 subdural hem-
orrhages appearing later than the same day of the operation 
(Table 3). Conversely, the rate of intraparenchymal hemor-
rhage was similar between the two groups (p = 0.56). Of 
the 14 cases of intraparenchymal hemorrhage, 8 were found 
on POD 1 or later, indicating that intracranial bleeding was 
not visible on the postoperative CT scan and thus occurred 
later in the recovery period. To better characterize these 
bleeds, we considered certain medications that patients 
who experienced bleeds were taking as well as patient co-
morbidities. Six (18.8%) of these patients were taking daily 
aspirin prior to admission, 3 (9.4%) were taking daily as-
pirin, while 1 (3.1%) was receiving antiplatelet therapy, and 
1 more (3.1%) was undergoing anticoagulation. In terms of 
comorbidities, 14 (42.4%) had hypertension and 5 (15.6%) 
had cerebrovascular disease. No other comorbidities were 
present in more than 1 patient who experienced a bleed, 
and the Charlson Comorbidity Index score of patients who 
experienced an intracranial hemorrhage after DBS was 2.5 
(1.3). The association between hypertension and intracra-
nial hemorrhage, particularly hemorrhagic stroke, is well 
documented,26–28 and hypertension was likely a contribut-
ing factor for intracranial hemorrhage in this study.

Although achieving the age of 75 years did not appear 
to increase the risk of postoperative seizures in our study, 
other studies contrarily have suggested that an age of 60 
years or older does increase this risk.29 Our overall stroke 
rate of 0.7% was similar to that of 0.4% presented in a re-
cent study of 728 patients undergoing DBS surgery.30

We found that the elderly patients were at a significantly 
higher risk than the younger patients of experiencing al-
tered mental status after surgery, defined as an acute neuro-
psychiatric change such as confusion, lethargy, and halluci-
nations. This finding is consistent with another study of 61 
patients that demonstrated age as an independent risk factor 
for developing perioperative altered mental status following 
DBS.31 Furthermore, when stratifying for a preoperative di-
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agnosis of MCI, it was discovered that altered mental status 
was more likely in elderly patients than younger patients, 
among those with a preoperative diagnosis of MCI. Thus, 
MCI acts as an effect modifier when considering advanced 
age as a risk factor for altered mental status following DBS.

The literature reports mixed findings in terms of age as 
a risk factor for postoperative infections following DBS. 
One study of 73 patients found that those ≥ 65 years old 
may be at an increased risk of postoperative infection (p 
< 0.05),32 while another study of 661 patients undergo-
ing DBS for essential tremor separating patients by the 
age cutoff of 75 years showed no increased risk between 
age groups.17 Our findings considered only infections that 
required explantation, and this rate was not found to in-
crease as a result of age of 75 years or older. In addition, 
our rate of revisions is consistent with other studies, as it 
remains approximately 1% for both leads and IPGs17,30 and 
does not appear to increase with age.17 When considering 
complications following the IPG surgery, our rate remains 
very low and is consistent with that reported in the litera-
ture.32,33 Examples of complications of the IPG include mi-
nor findings such as excessive bruising and excessive pain, 
or medical comorbidity exacerbations such as heart failure 
or uncontrolled blood pressure. Overall, these complica-
tions appeared to occur more often among the elderly pa-
tients, which is consistent with other studies.17,33 However, 
the rate of IPG complications requiring surgical treatment 
(e.g., infection, seroma, and hematoma) did not appear to 
increase with age. Because the IPG complications that oc-
cur more frequently in the elderly population do not typi-
cally require surgical intervention, it can be concluded that 
this does not complicate the recovery significantly or in-
crease morbidity associated with the procedure.

The decision regarding where to discharge a patient 
after surgery is based on many factors, including where 
the patient lived before surgery, patient functionality after 
surgery, and how much physical therapy is tolerable and 
recommended for optimal recovery. In general, patients 
who can tolerate less than 3 hours of therapy each day and 
who need the most functional assistance are discharged to 
an SNF. Those who can tolerate 3 or more hours per day 
of therapy and less functional assistance are discharged 
to a rehabilitation facility. Lastly, those who will not need 
daily therapy, or who are willing and able to undergo ther-
apy at home, are discharged home. All patients who were 
discharged home were required to have someone with 
them at all times for 5 days after the operation. When we 
excluded patients whose disposition was independent of 
postoperative functional outcome (planned rehabilitation 
and living at an SNF), we found that elderly patients were 
more likely to be discharged to either a rehabilitation facil-
ity or an SNF. This indicates that elderly patients are at an 
increased risk of experiencing a longer, tougher recovery 
than younger patients.

In our study, age ≥ 75 years was associated with a higher 
risk of a more than 1-night hospital stay, which is expected. 
In another study at the McKnight Brain Institute of 115 
patients undergoing unilateral DBS for Parkinson disease, 
the average age of those who stayed more than 1 night was 
higher than that of those who stayed only 1 night, but the 
difference was not statistically significant.34 The variance 

in these reported results could be attributed to differences 
in discharge criteria for patients after DBS surgery between 
the BNI and McKnight Brain Institute. A common cause 
for prolonged hospital stay in our study was a neurological 
change, specifically urinary retention and confusion. Other 
frequent causes of prolonged hospital stay include medical 
change, such as hypotension, or severe pain or nausea. In 
general, for patients ≥ 70 years old, the threshold for having 
a patient stay for more than 1 night is very low.

Although the recovery following DBS may take longer 
in older patients, a similar readmission rate between el-
derly and younger patients in our study suggests that with 
proper recovery care and adequate follow-up, outcomes 
will tend to equalize after the initial recovery. However, a 
similar study found a significant increase in 90-day read-
mission rate in those 75 years of age or older (7.9%) com-
pared to those 60–74 years old (3.8%).33

While this study thoroughly analyzes a large patient 
population, it is limited by several factors. The patients 
all underwent DBS surgery at a single institution with a 
single surgeon, and while this establishes internal valid-
ity, it also raises concern about generalizability. Addition-
ally, a population of advanced age generally carries more 
comorbidities than a younger group. Because these co-
morbidities may be absolute contraindications to surgery, 
this study may represent some bias toward a “healthier” 
elderly group as compared to the general elderly popula-
tion. However, this careful patient selection also speaks to 
the responsibility of neurosurgeons who operate on the el-
derly population. Future studies will focus more on specif-
ic complications of DBS, such as intracranial bleeds, and 
thoroughly consider potential risk factors, such as imaging 
findings; a complete list of medications and comorbidities; 
operative measures, such as estimated blood loss; and peri-
operative factors, such as blood pressure fluctuations in the 
postoperative period.

Conclusions
Our results indicated that patients ≥ 75 years old had no 

significantly increased risk of experiencing a perioperative 
intracranial bleed, seizure, stroke, mechanical complaint, 
infection, nausea/vomiting, revision, explantation, or read-
mission within 90 days after DBS surgery as compared to 
younger patients. However, our elderly patients did have 
an increased risk of experiencing a change in mental sta-
tus, constipation or urinary retention, more than a 1-night 
hospital stay, and postoperative ICU placement after DBS 
surgery as compared to younger patients. While these in-
creased risks may prolong recovery, they are not severe 
enough to induce significant morbidity. Age should be 
considered when determining surgical candidacy for DBS 
but should not independently preclude patients from un-
dergoing DBS.
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