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A B S T R A C T

Deep brain stimulation (DBS) typically has been delayed until late stage of Parkinson's disease (PD), a mean of
14–15 years after diagnosis. EARLYSTIM study applied DBS in patients with PD presenting motor complications
for less than three years, and showed that early stimulation offered greater benefit than best medical therapy in
all primary and major secondary end points. Based on the results of EARLYSTIM study, the U.S. Food and Drug
Administration recently approved DBS for use in people with PD of at least four years duration and with recent
onset of motor complications. However, despite of more benefit from DBS surgery than best medical therapy in
early stage of PD, we need to consider the risks of surgery and human nature of risk aversion. Here, we make
arguments against early DBS stimulation based on the prospect theory.

1. Introduction

Classical candidates for deep brain stimulation (DBS) in Parkinson's
disease (PD) include patients with levodopa induced motor complica-
tions that cannot be adequately managed by medical treatment and that
limit quality of life (QoL), or with a medically intractable tremor.
Levodopa induced motor complications are experienced by approxi-
mately 40% of patients after 4–6 years of therapy [1] with tremendous
inter-individual variability. DBS has been delayed until the later stage
of PD with a mean of 14–15 years after the diagnosis [2,3]. However,
there is a position for the earlier timing of DBS in PD.

Recently, the U.S. Food and Drug Administration (FDA) approved
DBS for use in people with a PD duration of at least four years and with
a recent onset of motor complications [4], meaning not necessarily with
motor complications that cannot be adequately managed by medical
treatment and that limit QoL. This recent approval by the FDA was
based on data from the EARLYSTIM clinical study performing DBS
surgery in mid-stage PD patients [5]. This study enrolled patients with a
levodopa response of at least 50%, motor fluctuations and dyskinesias
for no longer than 3 years, and mild to moderate functional impair-
ment. The EARLYSTIM trial reported a mean improvement of 26% in
their disease-related QoL in patients treated with DBS therapy in con-
junction with best medical therapy (BMT) at two years compared to a
1% decline in patients treated with the BMT alone. This study showed
that early stimulation with BMT offered a greater benefit than that of

BMT alone for all primary and major secondary end points, supporting
that neurostimulation may be a therapeutic option for patients at an
earlier stage rather than what the widely accepted recommendations
suggest. An earlier DBS intervention could possibly preserve functional
capacity and improve the patient's QoL earlier in the disease course
because a significant portion of patients in the advanced stage of PD
experience conditions or comorbidities that may make them ineligible
for DBS. There was a debate as to lessebo effect in BMT group arguing
that benefit from DBS is smaller than reported in the paper [6]. How-
ever, even with granting more benefits from DBS therapy than BMT in
the early stage of PD, we need to consider the risks of surgery and the
risk of unnecessary surgery, which are the key issues when considering
early DBS surgery, and human nature of risk aversion.

Here, we aimed to discuss the arguments against early DBS stimu-
lation. First, we will illustrate how people behave under risk by ex-
amining patients’ hesitation for DBS. Second, we will discuss how
people make decisions under risk based on the prospect theory and
which factors can predispose a risky choice. Third, we will discuss
important risks of early DBS surgery.

2. Patients' hesitation for DBS

The theory of decision began from a correspondence between Pascal
and Fermat in the 17th century. Best decision is to maximize the ex-
pected value (EV), which is defined as probability p multiplied by the
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outcome value x. EV= px, which is the foundation of utility theory. In
utility theory, it is obvious that the best or right decision is to perform
DBS surgery in patients with early stage motor complications.

However, we frequently meet patients with advanced PD who are
hesitant to undergo DBS even when operation is clearly indicated.
Previously, we studied the reasons for the hesitation to have sub-
thalamic nucleus (STN)-DBS in advanced PD patients. In this study, 186
PD patients who were recommended to have DBS were surveyed
whether they proceeded to have surgery without much hesitation or
delay. Forty-five percent of the patients (n= 84) were included in the
hesitant group, which was defined as patients who answered that they
were hesitant to undergo DBS operation, and required multiple dis-
cussions before surgery [7]. Fear of complications (n= 62) was the
most important reason for the hesitation to not have DBS surgery fol-
lowed by economic burden (n=42). The hesitant and the non-hesitant
groups did not differ in preoperative characteristics except for the
duration between the pre-surgical evaluation and STN-DBS surgery. In
our survey, despite the prolonged suffering from motor complications
and data clearly showing the benefit of DBS in this advanced PD stage,
patients hesitated toward getting STN-DBS surgery out of fear, which
shows that we behave or make decisions differently under risk.

3. Prospect theory and decision making under risk

Daniel Kahneman, a psychologist and Nobel prize winner in
Economics, presented a critique of expected utility theory as a de-
scriptive model of decision making under risk and developed an alter-
native model called prospect theory [8]. There are three key ideas in
this theory: 1) Risk aversion means that in most decisions, people tend
to prefer smaller variance in outcomes; 2) Loss aversion means that
everyone prefers gains over losses and that losses are felt more intensely
than gains of equal magnitude; and 3) Endowment effect means that
things you own are intrinsically valued more highly. Framing decisions
as gains or as losses affects choice behavior. The examples are given in
supplementary material.

According to the loss aversion, people are more sensitive to the loss
than the gain. In the health domain, the report by Horvath et al. is a
good example who examined minimal clinically important differences
(MCID) in the Movement Disorder Society-Sponsored Revision of the
Unified Parkinson's Disease Rating Scale (MDS-UPDRS) [9]. The MCID
thresholds for the MDS-UPDRS Parts I and II were −2.64 and −3.05
points for revealing improvement or 2.45 and 2.51 points for observing
deterioration. The MCID thresholds for the MDS-UPDRS part I + part II
scores were 5.73 points for improvement and 4.70 points for dete-
rioration. Here, we note that the numbers for improvement is larger
than those for deterioration, meaning that deterioration is felt more
acutely than improvement.

How data are framed and presented are important in decision. In
their article “The framing of decisions and the psychology of choice”,
Tversky and Kahneman illustrated the effect of framing as follows. In
the imaginary outbreak of an unusual disease which is expected to kill
600 people, two alternative programs are proposed [10]. Program A
will save 200 people. Program B has 1/3 probability of saving and 2/3
probability of not saving. In this framing, majority chose Program A. In
other framing of the programs, 400 will die in Program C; and Program
D will save 1/3, and will not save 2/3. In this presentation, majority
chose Program D. However, Program A, B, C, and D have the same
output. In the case of DBS, how benefit and risks are framed and pre-
sented will affect decision. The communication style of the physician
consulting and advising patients on DBS may influence how the DBS
benefit and risk are presented to patients, although this issue has not
drawn much attention until now.

Personality also matters in decision-making. Suppose that there are
ticket A, B, and C and that each ticket costs 50 cents, but they each have
a different chance of winning (Fig. 1). The individual choosing ticket A
is risk averse, and the individual choosing ticket C is risk seeking. The

uneven gender distribution in neurosurgery for PD might be due to
behavioral differences between men and women [11–14]. Hariz et al.
reported an uneven gender distribution (Male vs Female; 65% vs 35%,
respectively) in the surgical treatment of PD including pallidotomy,
thalamotomy and DBS [13]. This finding was relatively consistent re-
gardless of the procedure and geographic origin of the publication. And
in their subsequent study regarding STN-DBS conducted between 2000
and 2009, 63% (68% in North America, 62% in Europe, 69% in Aus-
tralia, and 50% in Asia) were men [14]. This male predominance in the
distribution of STN-DBS seems to exceed the usual male/female ratio of
PD in community-based studies [14,15]. Age might matter in risk at-
titudes, with younger people being on average more risk taking than
older people [16]. Dopamine agonists might affect decision making
processes. It is well known that dopamine agonists can enhance risk
taking behaviors in PD patients with impulse control disorders [17–19].
However, it has been not studied yet whether dopamine agonists affect
decisions on receiving DBS surgery in patients with PD.

4. Other risks in early surgery: it is difficult to predict especially
about the future

4.1. Atypical parkinsonism can mimic PD during the early stage of the
disease

One of the reasons to advocate early surgery is that early surgery
will extend the period of the DBS benefit. However, some patients may
not get the expected long-term benefit even with the best DBS.
Diagnostic accuracy is limited during the first years of the disease be-
cause atypical parkinsonism can mimic PD for a long period of time
[20]. Although the FDA limited the disease duration to at least four
years as one of the DBS indications, it is not enough to rule out atypical
parkinsonism. More than 30% of DBS failures can be ascribed to in-
appropriate indications for surgery [21]. In fact, 3 cases (0.8%) had
been rediagnosed as non-idiopathic PD in the EARLYSTIM cohort 8
years after the first randomization and approximately 15 years after the
diagnosis [22]. Atypical parkinsonism can have a young age at onset
and present levodopa induced dyskinesia (LID) [23,24]. There have
been other reports regarding DBS in MSA mimicking idiopathic PD
[25], where incorrect preoperative PD diagnoses showed positive initial
responses to surgery followed by a rapid decline secondary to the
progression of MSA and subsequent death or severe disability from
complications arising from the MSA. Thus, early surgery increases the
risk of atypical parkinsonism patients to be included who will not get
the expected long-term benefit even though they may get short-term
improvement.

4.2. Can we predict who will need DBS?

The rate of progression for PD is variable. Not all patients with
motor complications need DBS surgery. For example, motor complica-
tions may not necessarily get worse or be disabling. In a prospective

Figure 1. Personality on decision making. Ticket A, B, and C has 1% chance of
winning 100 $, 0.1% chance of winning 1,000 $, and 0.002% chance of winning
50,000 $, respectively (modified from https://kevinbinz.com/2016/10/26/
prospect-theory/).
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population-based 5-year longitudinal study following 189 incident PD
patients, motor fluctuations and dyskinesia were observed in 42.9% and
24.3%, respectively. In a substantial proportion of patients, however,
motor fluctuations (37%) and dyskinesias (49%) reversed on pharma-
cotherapy alone and remained generally mild in those with persistent
complications [26]. In the Sydney multicenter study of PD which did a
follow-up for over 15 years, only 12% of the patients experienced se-
vere dyskinesia although 94% experienced dyskinesia [27]. A popula-
tion-based cohort study in Olmsted county, Minnesota from 1976 to
1990 also showed that the troublesome dyskinesia requiring medication
changes was present in 17% of the patients after 5 years and in 43%
after 10 years, although dyskinesias of any severity were observed in
60% of the patients by 10 years [28]. Thus, the development of motor
complications does not necessarily mean that they will become trou-
blesome and does not justify surgery as the new recommendation by the
FDA implies.

5. Discussion

We believe that decisions for early DBS surgery should be made
carefully. “Surgery is always second best. If you can do something else,
it's better.” This is a quote made by John Kirklin, chair of Surgery at the
Mayo Clinic who designed the Heart-Lung machine which was pivotal
in making open heart surgery possible. He made this remark to temper
Walton Lillehei, who was a pioneer of open heart surgery. Earlier DBS
intervention may offer the opportunity to improve the QoL and func-
tional ability of PD patients, providing potential significant sympto-
matic relief over a longer period of time [29]. Currently, however, there
is limited knowledge on patient progression and the long-term out-
comes of early DBS patients. These limitations should be brought up
when treatment options are offered to patients, so that they can make
an informed decision. The adverse event associated with DBS is an
important issue in consideration for early DBS surgery. Although the
surgical techniques for implanting DBS devices are constantly evolving,
DBS surgery is obviously more invasive than medical treatment.
Therefore, we need to dampen the enthusiasm for early DBS stimulation
and establish regulations for early surgery.

In conclusion, we propose that DBS surgery in patients with early
stage PD should be decided very carefully and is always the second
option.
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