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Research Article 

Neurosurgeons perspective on the shift towards earlier use of deep brain 
stimulation for Parkinson disease 

Paola Testini a, Harini Sarva b, Jason Schwalb c, Samantha Barkan b, Laura Y. Cabrera d,* 

a Department of Neurology, State University of New York Downstate Medical Center, and Kings County Hospital Center, Brooklyn, NY, USA 
b Department of Neurology, Weill Cornell Medicine, NY, USA 
c Department of Neurosurgery, Henry Ford Medical Group, MI, USA 
d Center for Neural Engineering, Department of Engineering Science and Mechanics, and Research Associate Rock Ethics Institute, The Pennsylvania State University, PA, 
USA   

A R T I C L E  I N F O   
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A B S T R A C T   

Background: The US Food and Drug Administration approved in 2015 the use of deep brain stimulation for 
Parkinson disease after “four years duration and with recent onset of motor complications”. The aim of this study 
was to identify neurosurgeons’ attitudes and perspectives around the use of deep brain stimulation for Parkinson 
disease earlier in the disease course. 
Methods: An anonymous survey examining attitudes and perceptions towards deep brain stimulation practice and 
timing in Parkinson disease was developed by the study team and distributed by the American Society for 
Stereotactic and Functional Neurosurgeons to its members. Results from 32 subjects with answers to at least 50% 
of the survey were included. Data were analyzed with descriptive statistics and chi-square test. 
Results: Motor fluctuations, dyskinesia, quality of life impairment, and medically refractory tremor were the most 
important reasons to proceed with deep brain stimulation, which was overall considered more useful after the 
onset of motor symptoms. Unresponsiveness to levodopa, cognitive impairment, and unclear diagnosis were 
important reasons not to consider deep brain stimulation. Earlier surgery was considered to be less risky 
compared to later in the disease progression. Ten out of 25 neurosurgeons reported considering deep brain 
stimulation as a therapeutic option after a minimum disease duration of three to four years. 
Conclusions: We conclude that neurosurgeons support the use of earlier deep brain stimulation, but not preceding 
motor complications. Further research surrounding the benefits and adverse effects of earlier deep brain stim
ulation is needed to guide practice and better inform potential candidates.   

1. Introduction 

Subthalamic nucleus (STN) and Globus Pallidus pars interna (GPi) 
deep brain stimulation (DBS) for Parkinson disease (PD) are effective in 
decreasing dyskinesia, motor fluctuations, and tremor, as well as 
improving quality of life [1–3]. With disease progression, axial and gait 
problems arise, which are challenging to treat with DBS [4,5]. To 
maximize the benefits of DBS before gait and non-motor symptoms 
predominate, an interest towards earlier use of DBS has been observed in 
the past decade [2]. Among the benefits cited supporting the earlier use 
of DBS are the potential to reduce loss of social function and rates of 
early retirement [6–8]; and reduction in health care costs [8–10]. 

In addition, early results suggested that quality of life may be 

considerably improved by STN DBS in patients younger than 60 [11], as 
there is a potential correlation between age at disease onset and time to 
development of dyskinesia and motor fluctuations [12]. Considering 
that patients who develop PD before the age of 40 are at high risk of 
levodopa-induced complications, there may be an increased role for DBS 
in younger patients [13]. 

Earlier use of DBS was first shown to be beneficial in an open label 
study published in 2007 [14], and further investigated in the EAR
LYSTIM trial [4,15]. This large study (n = 251) included patients 
younger than 61 years (mean age at inclusion was 52.6 years) with PD 
symptoms for at least four years (mean disease duration was 7.5 years), 
motor complications for up to three years (mean duration of complica
tions was 1.7 years), and no impaired psychosocial functioning [15]. In 
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2015, following the publication of the EARLYSTIM trial results, the 
FDA’s approval of Medtronic devices for DBS was extended to patients 
with at least four years of PD and recent onset of motor complications 
[16]. The possibility of expanding DBS use to before the onset of motor 
complications (“early DBS”) was investigated in a pilot study including 
30 subjects; it demonstrated a reduction in medications [17] and slower 
progression of rest tremor in patients undergoing DBS [18]. However, 
larger clinical studies remain needed around early DBS use in PD. 

Despite the positive results of EARLYSTIM and the most recent FDA 
approval for STN DBS, physician surveys and interview studies have 
found a wide range of disease duration requirements prior to DBS 
referral, with an average of less than four and up to six years depending 
on the survey, and some physicians reporting no minimum duration 
[19]. In light of the lack of guidance regarding when to consider DBS, 
the shifting to earlier and earlier uses of DBS, and the lack of consensus 
among experts on the merits of earlier DBS, we sought to investigate 
functional neurosurgeons’ perspectives, as they play an important role 
in determining patient candidacy. 

2. Methods 

A 19-question online survey comprising of Likert-type, multiple 
choice, and rank-order questions examining attitudes and perceptions 
towards use and timing of DBS in PD was developed drawing upon re
sults from a pilot interview survey [20] and expert opinion (movement 
disorder neurologists) to evaluate attitudes around DBS and its timing in 
PD. The developing survey drafts were also reviewed by patient advo
cates and clinical experts from the Parkinson’s Foundation, Parkinson’s 
Alliance, and Michael J. Fox Foundation, to ensure quality control for 
content, readability, survey navigation and item clarity. The first part of 
the survey asked questions about clinical experience and practice, 
including years of practice and number of DBS cases per year. Remaining 
questions focused on patient selection, target choice, and thoughts on 
earlier DBS. The survey was piloted among members of the study team. 
Institutional Review Board approval was obtained from the institutions 
of the two co-PI’s (Michigan State University, STUDY00002041, and 
Weill Cornell Medicine, # 1901019902). 

2.1. Survey distribution 

We received approval from the American Society for Stereotactic and 
Functional Neurosurgeons (ASSFN) to distribute the survey among its 
members (see Survey Instrument, Supplemental Digital Content 1). The 
ASSFN Administrator sent the initial invitation with the link to the 
survey to the members via email on September 17, 2019, and a reminder 
was sent on October 7. Data collection was completed on October 22, 
2019. All responses were anonymous. 

2.2. Data preparation 

Forty-three survey responses were obtained. We excluded from 
analysis six responses as >50% of their survey was incomplete. Another 
five responses were removed due to duplication of IP addresses. The 
final dataset for analysis consisted of 32 unique participants. 

2.3. Data analysis 

All variables were nominal or ordinal. Descriptive statistics are re
ported as frequencies and round percentages. We used chi-square test to 
compare responses to the following questions based on years of clinical 
experience (defined as number of years since fellowship) and numbers of 
surgeries: (1) presence or absence of a cut off prior to proceeding with 
surgery; (2) minimum duration of disease required prior to proceeding 
with DBS; (3) whether the current FDA approval for DBS in PD is 
considered earlier use or not; and (4) how many years after diagnosis for 
implantation would the use of DBS be considered earlier use. All selected 

variables had answers by more than five subjects. Data were analyzed 
using IBM SPSS Statistics for Windows. 

3. Results 

About a third of physicians had completed fellowship (11/32, 
34.38%) or residency (9/31, 29%) >20 years prior to completing the 
survey. Recent fellowship graduates (10/32, 31.25%) and residency 
graduates (9/31, 29%) within the past five years were similarly repre
sented. More than a third of participants (12/32, 37.5%) reported per
forming 11 to 20 DBS surgeries for PD per year, while only 25% (8/32) 
perform over 50 per year. The STN was the most frequently preferred 
target for DBS (20/28, 71.43%), while 17.86% (5/28) of the surgeons 
used STN and GPi equally (Table 1). 

Neurosurgeons were fairly equally distributed among those who 
required a strict cut-off of improvement in total Unified Parkinson Dis
ease Rating Scale (UPDRS) Part III motor scores after levodopa challenge 
prior to DBS (13/27, 48.15%) and those (14/27, 51.85%) who did not. 
Those who answered that they did, were given options regarding the 
improvement they required prior to DBS and could select multiple 
choices. Among the main standard cut-offs for surgical candidacy were 
medically-refractory tremor (listed by 8/13, 61.54%), a 30-point 
improvement in UPDRS or Movement Disorder Society-sponsored 
UPDRS revision (MDS-UPDRS) off to on scores (6/13, 46.15%), and a 
33% improvement in UPDRS or MDS-UPDRS off to on scores (6/13, 
46.15%). There was a free-text answer citing 30% improvement albeit in 
an unspecified scoring system. 

When asked about the three most important medications that must 
be tried prior to considering a patient for DBS, carbidopa/levodopa 
immediate release (listed by 23/28, 82.14%), controlled released car
bidopa/levodopa (17/28, 60.71%), and dopamine agonists (15/28, 

Table 1 
Survey responders’ experience and DBS practice data.  

Surgeon Years since 
end of 
fellowship 

Years since 
end of 
residency 

Average number 
of DBS surgeries 
for PD per year 

Most common 
DBS target (STN 
versus GPi) 

1 >20 >20 >50 STN 
2 0–5 0–5 21–30 STN 
3 >20 >20 >50 GPi 
4 0–5 0–5 11–20 both 
5 0–5 0–5 11–20 STN 
6 11–15 11–15 0–10 n/a 
7 6–10 11–15 11–20 STN 
8 16–20 16–20 >50 STN 
9 6–10 6–10 >50 STN 
10 >20 >20 11–20 STN 
11 6–10 6–10 31–40 STN 
12 11–15 11–15 11–20 both 
13 0–5 0–5 11–20 GPi 
14 0–5 n/a 31–40 STN 
15 >20 >20 31–40 STN 
16 >20 >20 >50 GPi 
17 >20 >20 21–30 STN 
18 >20 >20 0–10 n/a 
19 6–10 0–5 >50 n/a 
20 6–10 6–10 11–20 STN 
21 0–5 0–5 0–10 n/a 
22 >20 >20 31–40 STN 
23 >20 >20 11–20 STN 
24 >20 >20 >50 STN 
25 16–20 16–20 21–30 STN 
26 11–15 11–15 >50 STN 
27 6–10 >20 11–20 STN 
28 0–5 0–5 21–30 both 
29 0–5 0–5 11–20 both 
30 >20 >20 31–40 STN 
31 0–5 6–10 11–20 STN 
32 0–5 0–5 11–20 Both 

Abbreviations: DBS, deep brain stimulation; PD, Parkinson disease; STN, sub
thalamic nucleus; GPi, globus pallidus pars interna; n/a, not available. 
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53.57%) were among the top three. No neurosurgeon required an 
amantadine trial prior to surgery. Two out of 28 neurosurgeons (7.14%) 
did not base their determination of DBS candidacy on trials of specific 
medications. 

When asked to rank their most important reasons to proceed with 
DBS, presence of motor fluctuations not managed by medications was 
selected by all interviewees (25/25) and received the most 1st place 
votes with 12/25 (48%). Other important reasons were: dyskinesia not 
managed by medications (24/25, 96%); significant quality of life 
impairment (23/25, 92%); presence of medically-refractory tremor (20/ 
25, 80%); and 30% improvement in UPDRS with levodopa (17/25, 68%) 
(Fig. 1, see also Table 1 Supplemental Digital Content 2). 

Among reasons not to proceed with DBS the following were the most 
common overall choices among respondents: unclear diagnosis (listed 
by 22/25, 88%); severe cognitive impairment (20/25, 80%); unrealistic 
expectations by the patient (19/25, 76%); lack of levodopa response 
(16/25, 64%); medical contraindications to surgery (15/25, 60%); 
psychiatric comorbidities (13/25, 52%); and lack of social and family 
support (7/25, 28%) (Fig. 2, see also Table 2 Supplemental Digital 
Content 3). 

When asked to rank their top three choices regarding their personal 
attitudes towards DBS, the response that received the most first and 
second place votes was “DBS is more useful when used after the onset of 
motor complications” (18/25, 72%). The response “DBS in PD allows for 
a better management of symptoms than medications alone” was also a 
frequently selected response. Neurosurgeons ranked very closely that 
earlier DBS has either less or similar risks than when used later (Fig. 3, 
see also Table 3 Supplemental Digital Content 4). 

When asked about the minimum duration of disease before DBS 
should be considered, ten of 25 surgeons (40%) indicated that three to 
four years is the minimum duration, while four (16%) answered that 
there is no minimum duration. No physician answered that seven or 
more years of disease duration are required prior to DBS consideration. 
Most participants (19/25, 76%) did not consider the FDA approval for 
use in PD “of at least four years duration and with recent onset of motor 
complications, or motor complications of longer-standing duration that 
are not adequately controlled with medication” as earlier use. 

When asked about how they counsel patients about having DBS 
earlier versus later in the disease course, the most common answers 
included: DBS replicates the best on state that can be obtained with 
levodopa, which may decline with disease progression (16/23, 70%); 
significant motor benefits (15/23, 65.2%); and the increasing risk of 

hemorrhage and cognitive decline with increasing age (13/23, 56.5%). 
In terms of hardware, most neurosurgeons counsel regarding the risks of 
hardware complications (23/25, 92%) and the type and location of the 
implant (21/25, 84%). Twenty-four out of 25 neurosurgeons also discuss 
one or more technical features of available devices and stimulation pa
rameters, including the option of rechargeable batteries (21/24 87.5%), 
MRI compatibility (20/24, 83.3%), and the differences between 
segmented and non-segmented leads (18/24, 75%). 

Most surgeons (22/25, 88%) answered that they have DBS confer
ences. All the respondents noted the presence of the treating neurologist 
and neurosurgeon in the conferences, with 90% (20/22) noting the 
participation of a neuropsychologist. Less commonly nurse practitioner, 
psychiatrist, the patient, or a social worker were included in these 
conferences. 

We did not find any significant relationship between duration of 
clinical experience or number of surgeries and the presence of a cut-off 
in UPDRS part III improvement prior to proceeding with surgery, the 
minimum duration of disease prior to DBS, whether the current FDA 
approval for DBS in PD is considered earlier use, and what would qualify 
as earlier use. 

4. Discussion 

The aim of this study was to identify functional neurosurgeons’ at
titudes and perspectives around the use and timing of DBS for PD. The 
possibility to continue shifting the use of DBS for PD earlier in the dis
ease progression has met with opinions ranging from groups advocating 
for an even earlier use [17] and others warning against its risks [21]. 

Compared to prior observation from a survey published in 2016 
identifying an average minimum duration of disease before DBS of five 
to six years [19], a more recent survey indicated an average of less than 
four years [20]. The fact that in our sample, most of the neurosurgeons 
indicated four years or less or no minimum duration of disease before 
DBS, may suggest a progressive trend toward earlier consideration. 
Overall, the observed attitude in our sample appears to be in favor of 
DBS at a stage which may be considered early compared to the most 
recent FDA approval. 

A small pilot study of 30 subjects suggested that early DBS, that is 
prior to motor complication development, does not hasten PD progres
sion compared to medical treatment alone, maintains the benefits of 
lower medication usage, as well as a similar rate of adverse events 
compared to those nationally reported [17]. However, these results have 

Fig. 1. Reasons to proceed with deep brain stimulation. Abbreviations: PD, Parkinson disease; UPDRS, Unified Parkinson’s Disease Rating Scale. Caption: Cumulative 
ranking for each option, with each bar length determined by the sum of each answer count represented based on ranking. 
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been strongly criticized because potentially unnecessary surgeries 
caused adverse events in two out of 15 subjects, with one having per
manent neurological deficits [22]. Our results suggest that, while par
ticipants support the use of earlier DBS, they would only consider it after 
the onset of motor complications, which typically occurs five years after 
levodopa usage in approximately 50% of patients [12,23,24], and cite 
motor complications among the main reasons to proceed with DBS. 

Connected to the issue of whether or not DBS is more cost effective 
than medication alone, published studies, which are based on predictive 
models, have suggested earlier DBS as cost effective when considering 
both an increase in medical care costs and the improvement in quality- 
adjusted life years with earlier DBS [8–10]. However, we only found that 
a small number of participants held such a perspective. Patients in other 
studies have reported challenges in returning to independence following 

Fig. 2. Reasons not to proceed with deep brain stimulation. Abbreviations: DBS, deep brain stimulation. Caption: Cumulative ranking for each option, with each bar 
length determined by the sum of each answer count represented based on ranking. 

Fig. 3. Attitudes towards deep brain stimulation. Abbreviations: DBS, deep brain stimulation; PD, Parkinson disease. Caption. Cumulative ranking for each option, 
with each bar length determined by the sum of each answer count represented based on ranking. 
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the onset of disability and loss of function [6,7], which may contribute 
to earlier DBS-related improvement in quality-adjusted life years. 

While our results demonstrated that age of patients is rarely a 
detrimental factor for surgery, earlier DBS carries a theoretically higher 
risk of hardware complications due to the longer duration of implanta
tion, and some of the surgical risks may be compounded by the potential 
increased number of implantable pulse generator (IPG) changes [25]. 
With the advent of and increasing use of rechargeable IPGs, frequent 
surgeries will be limited, potentially making earlier DBS more desirable 
[26]. In fact, our study showed that most neurosurgeons think that 
earlier DBS has either similar or fewer risks than later DBS, and only one 
reported concern for higher complication risk, confirming previous 
findings that for clinicians the risk profile is better in earlier DBS [21]. 

The most commonly cited reason not to proceed with DBS in our 
survey was the concern for a misdiagnosis of atypical parkinsonism, and 
although our survey did not specify whether this was a concern in earlier 
DBS or in the overall patient population, this concern represents an 
established argument against earlier application of DBS [21]. The 
possible misdiagnosis of atypical parkinsonism as PD has been a clini
cian’s concern for decades [27]. A recent clinicopathological study 
showed that the positive predictive value of a clinical diagnosis of 
probable PD increases after five years of disease and with the presence of 
motor complications [28]. While there is acknowledgement of this 
concern, our sample still considered that three to four years is the 
minimum duration of PD before DBS should be considered. There are 
ongoing efforts in the scientific community to improve diagnostic ac
curacy with various imaging modalities [29–32] and other measures 
including wearable sensor arrays [33]. However, until definitive diag
nostic conclusions can be drawn from imaging modalities, PD and 
atypical parkinsonisms remain clinical diagnoses, potentially continuing 
to limit early application of DBS. 

5. Limitations 

Limitations of the present study include the relatively low number of 
responses. ASSFN membership is around 300, which would indicate a 
response rate of just over 10%, and lower response rate for some sections 
of the questionnaire. A 10–15% response rate on an online physician- 
directed survey is common [34]. No participant demographic data 
including age and gender were collected and therefore no observation 
could be made regarding the correlation between age or gender and 
attitudes toward DBS and its timing. In addition, the distributions of the 
survey by ASSFN among its members likely provided a selection bias of 
surgeons who are active in the ASSFN, limiting the generalizability of 
the results. 

6. Conclusions 

Our findings suggest that functional neurosurgeons support the FDA 
approval of earlier DBS and that further investigations into even earlier 
application of this treatment would be supported. Further studies in
clusive of DBS centers with variable capabilities studying the benefits of 
earlier DBS are warranted to establish necessary practice guidelines 
which would improve the use of DBS by standardizing referrals and by 
defining patient inclusion and exclusion criteria. Such guidelines would 
address not only current disparities in referrals but also a part of pa
tients’ concerns and fears related to DBS. 

CRediT authorship contribution statement 

Paola Testini: Writing - original draft, Data curation, Formal anal
ysis. Harini Sarva: Conceptualization, Methodology, Supervision, 
Writing - review & editing. Jason Schwalb: Writing - review & editing. 
Samantha Barkan: Data curation, Formal analysis, Writing - review & 
editing. Laura Y. Cabrera: Conceptualization, Methodology, Investi
gation, Supervision, Project administration, Writing - review & editing. 

Declaration of Competing Interest 

All authors have seen and approved the manuscript in the form 
submitted to the journal. The authors declare that they have conformed 
to the highest standards of ethical conduct in the submission of accurate 
data and that they acknowledge the work of others when applicable. 

All sources of financial support for the work have been declared in 
the Acknowledgements section of the manuscript. Any additional con
flicts of interest are as follows: 

LC, SB, PT: have no COI to declare. 
HS: Has received funding from the Michael J Fox Foundation, and 

clinical trial support from Biogen, Insightec and Lundbeck Pharmaceu
ticals. She has received honoraria for participation in advisory boards 
for Merz and Amneal pharmaceuticals, and for serving as an indepen
dent video rater for Neurocrine Neurosciences. 

JS: Receives research funding from Neuros, Medtronic and StimWave 
paid directly to his employer. Salary support from Blue Cross Blue 
Shield of Michigan for his role as Co-director of the Michigan Spine 
Surgery Improvement Collaborative paid directly to his employer. 

I, Laura Cabrera, as corresponding author of the paper declare to 
have obtained agreement from all of the authors of this paper to declare 
their compliance as well. 

Acknowledgement 

We thank ASSFN leadership to enable us to send the survey to its 
members, and to our participants for their time. 

Funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.inat.2021.101224. 

References 

[1] R.M. deSouza, E. Moro, A.E. Lang, et al., Timing of deep brain stimulation in 
Parkinson disease: a need for reappraisal? Ann Neurol. 73 (5) (2013) 565–575. 

[2] S.H. Fox, R. Katzenschlager, S.Y. Lim, et al., International Parkinson and movement 
disorder society evidence-based medicine review: update on treatments for the 
motor symptoms of Parkinson’s disease, Mov. Disord. 33 (8) (2018) 1248–1266. 

[3] A. Rughani, J.M. Schwalb, C. Sidiropoulos, et al., Congress of neurological 
surgeons systematic review and evidence-based guideline on subthalamic nucleus 
and globus pallidus internus deep brain stimulation for the treatment of patients 
with parkinson’s disease: executive summary, Neurosurgery 82 (6) (2018) 
753–756. 

[4] G. Deuschl, M. Schupbach, K. Knudsen, et al., Stimulation of the subthalamic 
nucleus at an earlier disease stage of Parkinson’s disease: concept and standards of 
the EARLYSTIM-study, Parkinsonism Relat. Disord. 19 (1) (2013) 56–61. 

[5] G. Deuschl, Y. Agid, Subthalamic neurostimulation for Parkinson’s disease with 
early fluctuations: balancing the risks and benefits, Lancet Neurol. 12 (10) (2013) 
1025–1034. 

[6] Y. Agid, M. Schupbach, M. Gargiulo, et al., Neurosurgery in Parkinson’s disease: 
the doctor is happy, the patient less so? J. Neural Transm. Suppl. 70 (2006) 
409–414. 

[7] M. Eijkholt, L.Y. Cabrera, A. Ramirez-Zamora, J.G. Pilitsis, Shaking up the debate: 
ensuring the ethical use of DBS intervention criteria for mid-stage Parkinson’s 
patients, Neuromodulation 20 (5) (2017) 411–416. 

[8] A.J. Espay, J.E. Vaughan, C. Marras, R. Fowler, M.H. Eckman, Early versus delayed 
bilateral subthalamic deep brain stimulation for parkinson’s disease: a decision 
analysis, Mov. Disord. 25 (10) (2010) 1456–1463. 

[9] Fundament T, Eldridge PR, Green AL, et al. Deep brain stimulation for Parkinson’s 
disease with early motor complications: A UK cost-effectiveness Analysis. PLoS One 
2016;11(7):e0159340. 

[10] J. Dams, M. Balzer-Geldsetzer, U. Siebert, et al., Cost-effectiveness of 
neurostimulation in Parkinson’s disease with early motor complications, Mov. 
Disord. 31 (8) (2016) 1183–1191. 

[11] H.S. Dafsari, P. Reker, L. Stalinski, et al., Quality of life outcome after subthalamic 
stimulation in Parkinson’s disease depends on age, Mov. Disord. 33 (1) (2018) 
99–107. 

P. Testini et al.                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.inat.2021.101224
https://doi.org/10.1016/j.inat.2021.101224
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0005
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0005
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0010
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0010
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0010
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0015
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0015
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0015
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0015
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0015
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0020
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0020
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0020
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0025
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0025
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0025
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0030
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0030
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0030
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0035
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0035
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0035
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0040
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0040
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0040
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0050
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0050
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0050
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0055
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0055
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0055


Interdisciplinary Neurosurgery: Advanced Techniques and Case Management 25 (2021) 101224

6

[12] A. Schrag, N. Quinn, Dyskinesias and motor fluctuations in Parkinson’s disease. A 
community-based study, Brain 123 (Pt 11) (2000) 2297–2305. 

[13] V. Kostic, S. Przedborski, E. Flaster, N. Sternic, Early development of levodopa- 
induced dyskinesias and response fluctuations in young-onset Parkinson’s disease, 
Neurology 41 (2(Pt1)) (1991) 202–205. 

[14] W.M. Schupbach, D. Maltete, J.L. Houeto, et al., Neurosurgery at an earlier stage of 
Parkinson disease: a randomized, controlled trial, Neurology 68 (4) (2007) 
267–271. 

[15] W.M. Schuepbach, J. Rau, K. Knudsen, et al., Neurostimulation for Parkinson’s 
disease with early motor complications, N. Engl. J. Med. 368 (7) (2013) 610–622. 

[16] L.Y. Cabrera, J. Goudreau, C. Sidiropoulos, Critical appraisal of the recent US FDA 
approval for earlier DBS intervention, Neurology 91 (3) (2018) 133–136. 

[17] D. Charles, P.E. Konrad, J.S. Neimat, et al., Subthalamic nucleus deep brain 
stimulation in early stage Parkinson’s disease, Parkinsonism Relat. Disord. 20 (7) 
(2014) 731–737. 

[18] M.L. Hacker, M.R. DeLong, M. Turchan, et al., Effects of deep brain stimulation on 
rest tremor progression in early stage Parkinson disease, Neurology 91 (5) (2018) 
e463–e471. 

[19] A.A.M.K.A. Butala, P. Schmidt, M.S. Okun, Z. Mari, A multi-site survey of 
Parkinson’s disease deep brain stimulation center best practice: moving toward a 
standard of care for DBS [abstract], Mov. Disord. 31 (2016). 

[20] L.Y. Cabrera, H. Sarva, C. Sidiropoulos, Perspectives on the earlier use of deep 
brain stimulation for parkinson disease from a qualitative study of U.S Clinicians, 
World Neurosurg. 128 (2019) e16–e20. 

[21] H.J. Kim, B. Jeon, Decision under risk: argument against early deep brain 
stimulation in Parkinson’s disease, Parkinsonism Relat. Disord. 69 (2019) 7–10. 

[22] M. Hariz, There is no credible rational for deep brain stimulation in very early 
Parkinson’s disease!, Parkinsonism Relat. Disord. 21 (3) (2015) 345–346. 

[23] B.R. Thanvi, T.C. Lo, Long term motor complications of levodopa: clinical features, 
mechanisms, and management strategies, Postgrad Med. J. 80 (946) (2004) 
452–458. 

[24] M.E. Freitas, C.W. Hess, S.H. Fox, Motor complications of dopaminergic 
medications in Parkinson’s disease, Semin. Neurol. 37 (2) (2017) 147–157. 

[25] W.M. Schupbach, J. Rau, J.L. Houeto, et al., Myths and facts about the EARLYSTIM 
study, Mov. Disord. 29 (14) (2014) 1742–1750. 

[26] F.L. Hitti, K.A. Vaughan, A.G. Ramayya, B.J. McShane, G.H. Baltuch, Reduced 
long-term cost and increased patient satisfaction with rechargeable implantable 
pulse generators for deep brain stimulation, J. Neurosurg. 131 (3) (2018) 799–806. 

[27] A.J. Hughes, S.E. Daniel, L. Kilford, A.J. Lees, Accuracy of clinical diagnosis of 
idiopathic Parkinson’s disease: a clinico-pathological study of 100 cases, J. Neurol. 
Neurosurg. Psychiatry 55 (3) (1992) 181–184. 

[28] C.H. Adler, T.G. Beach, J.G. Hentz, et al., Low clinical diagnostic accuracy of early 
vs advanced Parkinson disease: clinicopathologic study, Neurology 83 (5) (2014) 
406–412. 

[29] P.T. Meyer, L. Frings, G. Rucker, S. Hellwig, (18)F-FDG PET in Parkinsonism: 
differential diagnosis and evaluation of cognitive impairment, J. Nucl. Med. 58 
(12) (2017) 1888–1898. 

[30] M.M. Correia, T. Rittman, C.L. Barnes, et al., Towards accurate and unbiased 
imaging-based differentiation of Parkinson’s disease, progressive supranuclear 
palsy and corticobasal syndrome, Brain Commun. 2 (1) (2020) fcaa051. 

[31] C. Guevara, K. Bulatova, W. Soruco, G. Gonzalez, G.A. Farias, Retrospective 
diagnosis of Parkinsonian syndromes using whole-brain atrophy rates, Frontv 
Aging Neurosci. 9 (2017) 99. 

[32] A. Shafieesabet, S.M. Fereshtehnejad, A. Shafieesabet, et al., Hyperechogenicity of 
substantia nigra for differential diagnosis of Parkinson’s disease: A meta-analysis, 
Parkinsonism Relat. Disord. 42 (2017) 1–11. 

[33] M. De Vos, J. Prince, T. Buchanan, J.J. FitzGerald, C.A. Antoniades, Discriminating 
progressive supranuclear palsy from Parkinson’s disease using wearable 
technology and machine learning, Gait Posture 77 (2020) 257–263. 

[34] C.T. Cunningham, H. Quan, B. Hemmelgarn, et al., Exploring physician specialist 
response rates to web-based surveys, BMC Med. Res. Methodol. 15 (2015). 

P. Testini et al.                                                                                                                                                                                                                                  

http://refhub.elsevier.com/S2214-7519(21)00136-5/h0060
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0060
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0065
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0065
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0065
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0070
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0070
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0070
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0075
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0075
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0080
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0080
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0085
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0085
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0085
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0090
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0090
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0090
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0095
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0095
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0095
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0100
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0100
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0100
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0105
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0105
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0110
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0110
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0115
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0115
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0115
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0120
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0120
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0125
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0125
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0130
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0130
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0130
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0135
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0135
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0135
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0140
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0140
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0140
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0145
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0145
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0145
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0150
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0150
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0150
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0155
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0155
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0155
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0160
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0160
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0160
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0165
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0165
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0165
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0170
http://refhub.elsevier.com/S2214-7519(21)00136-5/h0170

	Neurosurgeons perspective on the shift towards earlier use of deep brain stimulation for Parkinson disease
	Recommended Citation

	Neurosurgeons perspective on the shift towards earlier use of deep brain stimulation for Parkinson disease
	1 Introduction
	2 Methods
	2.1 Survey distribution
	2.2 Data preparation
	2.3 Data analysis

	3 Results
	4 Discussion
	5 Limitations
	6 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgement
	Funding
	Appendix A Supplementary data
	References


