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Insights gleaned by measuring patients’
stated goals for DBS
More than tremor

ABSTRACT

Objective: To report prospective repeated measures data detailing the perceived benefit of deep
brain stimulation (DBS) on the most commonly cited symptom and activity goals identified by
patients with Parkinson disease.

Methods: Fifty-two participants were recruited from a consecutive series. Participants completed
a semi-structured interview soliciting their symptom and behavioral goals and corresponding
visual analog scales measuring perceived symptom severity and limits to goal attainment. Sever-
ity ratings were completed prior to and at 2 times following DBS. Changes in severity over time
were assessed using a mixed effects linear model. The pattern of relationships between the
severity ratings and standard clinical research (SCR) measures routinely administered were
examined using Pearson correlations.

Results: The most common symptom goals were improvements in tremor, gait, and nonmotor
symptoms, whereas the most frequent behavioral goals related to interpersonal relationships,
work, and avocational pursuits. Most severity ratings were significantly correlated with each
other but not with the SCR measures. Significant improvements were evident on all SCR meas-
ures after DBS. Participants’ severity ratings for their symptom and behavioral goals improved
significantly over time although not all severity ratings changed in the same manner.

Conclusions: These data illustrate that improvements in participants’ individually defined goals
were evident over time and that some of these improvements occurred in areas in which the
benefits associated with DBS are not as well-documented. The participants’ severity ratings were
not redundant with SCR measures, suggesting that novel and potentially important information
can be gleaned by systematically assessing patients’ goals. Neurology® 2017;88:124–130

GLOSSARY
ADL 5 activities of daily living; DBS 5 deep brain stimulation; PD 5 Parkinson disease; PDQ 5 Parkinson’s Disease
Questionnaire–39; SCR 5 standard clinical research; UPDRS 5 Unified Parkinson’s Disease Rating Scale; UPDRS-III 5
Unified Parkinson’s Disease Rating Scale motor subscale.

The importance of patients’ values and perspectives is central to the Patient-Centered Outcomes
Research Institute.1 We have argued that this concept is especially important in the context of
deep brain stimulation (DBS), in which patients decide to undergo an elective neurosurgical
procedure to improve quality of life, a construct that is inherently subjective and value-laden.2

Although there is consensus among some DBS teams that patients’ goals for the upcoming
neurosurgery should be assessed routinely,3–6 there has been relatively little investigation of how
successful DBS is in addressing patients’ goals for surgery or the relationship between patients’
stated goals for surgery and other standard clinical research (SCR) metrics.7,8

Despite studies demonstrating the positive benefits of DBS on motor symptoms and quality
of life,9–11 some have provocatively argued that patients may not be as pleased with the outcomes
of DBS as the treating physicians.12,13 This satisfaction gap suggests that SCR measures may not
fully capture patients’ goals with respect to outcome and argues for the need for a more
systematic assessment of patients’ individually defined goals for DBS and patients’ perceived
satisfaction with DBS in addressing those goals.
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We systematically assessed the goals a con-
secutive series of patients with Parkinson dis-
ease (PD) articulated as most important in
their decision to undergo DBS. We measured
patients’ severity ratings for their individually
defined goals prior to and following surgery
and examined the relationships between the
patients’ goal ratings and SCR measures. We
hypothesized that individually defined pa-
tients’ goals prior to surgery would include
unique factors not fully assessed by standard
disease-specific ratings.

METHODS Standard protocol approvals, registrations,
and patient consents. This study was approved by our institu-

tional review board. All patients provided fully informed written

consent. The study was funded by the National Institute of Neu-

rologic Disorders and Stroke (RC1NS068086).

Participants. The published literature documents large effect

sizes associated with DBS in the treatment of motor symptoms

of PD. A conservative approach was adopted to calculate power

for this study. We assumed a moderate effect size (0.50) and

a conservative test-retest reliability coefficient for our severity

rating scales of 0.30. Based on these assumptions, a sample size

of 50 will result in power of 0.91 for a repeated-measures

design that incorporates 3 assessments.

We approached a consecutive series of 59 patients scheduled

to undergo DBS for the treatment of PD from July 2009 to June

2011 to participate in our institutional review board–approved

study examining patients’ goals for DBS. The majority of patients

approached (n5 52, 88%) agreed to participate in the study. Of

those who chose not to participate, 3 provided no reason, 1

thought that the length of the interview was too burdensome, 1

was too frail, and the remaining 2 were interested in participating

but were unable to due to scheduling constraints. Inclusion in the

study was limited to patients who had not undergone a previous

neurosurgical procedure for PD, were native English speakers,

and were over 18 years of age. No patients were excluded based

on the above inclusion criteria. All patients were recruited from

a single large academic medical center.

Per our standard clinical practice, all patients were approved

for DBS surgery on the basis of a multidisciplinary team assess-

ment that included neurologic, neurosurgical, neuropsychologi-

cal, and psychiatric (if needed) evaluations as well as multiple

explicit discussions regarding patients’ goals for surgery and

review of the known benefits associated with DBS. The neurol-

ogists and neurosurgeons rely on the literature and response to

levodopa to inform patients of the expected outcome following

DBS. Our center does not have a standard text regarding expected

outcome that is shared with all patients; however, in the context

of working together over several years, it is likely that similar

language may be used. Data from our center collected at the same

time as the current study indicate that cognitive concerns were the

most common reason patients were not approved for DBS

(32.7%), followed by additional opportunities for medication

management (29.5%) and neurobehavioral concerns (21.3%).

Importantly, a smaller percentage (9.8%) of our patients were

not approved due to unrealistic goals. Other contraindications

included atypical parkinsonism, poor levodopa response, pre-

dominant axial symptoms, medical comorbidities, abnormal

brain imaging, and, rarely, lack of family support.14

Measures. The study employed a mixed methodology including

quantitative scales and qualitative methods. All participants com-

pleted a semi-structured interview prior to surgery probing their

expectations regarding DBS with respect to symptom and

behavioral goals. The interviews were audiotaped and transcribed.

Participants were asked to provide their top 3 symptom and

behavioral goals. Embedded within the structured interview were

visual analog rating scales. The participants rank-ordered their

symptom and behavioral goals separately and were then

instructed to rate the present severity of each goal on a visual

analog rating scale with 10 representing the greatest severity (or

greatest limits to participation). The research protocol, including

the semi-structured interview as well as the patient-rated severity

scales, was completed prior to surgery and at approximately

3 and 6 months following DBS surgery. Research assistants (with

no clinical responsibilities) conducted all but 2 of the research

interviews. The SCR measures were collected by either nurse

practitioners (Unified Parkinson’s Disease Rating Scale

[UPDRS]) or neuropsychology technicians (Parkinson’s Disease

Questionnaire–39 [PDQ]).

Preliminary symptom and behavioral goal categories were

developed by soliciting input from an experienced DBS multidis-

ciplinary team including surgeons, neurologists, psychiatrists,

neuropsychologists, a bioethicist, and nursing staff. Following

data collection, these categories were evaluated and revised based

on participants’ verbatim responses and naturally occurring sets

consistent with a grounded theory approach. Final categories were

established based on consensus discussion using an inductive,

recursive process common in qualitative research and partici-

pants’ verbatim responses coded accordingly (C.S.K., P.J.F.).

The standard outcome metrics included those measures col-

lected as part of routine SCR. These included the PDQ15 (col-

lected during the participants’ standard preoperative

neuropsychological and 6-month postoperative evaluations), the

baseline UPDRS16 motor subscale (UPDRS-III) off medication

scores, the 1 month post-DBS UPDRS-III off medications/on

stimulation scores, and finally, UPDRS-II16 scores (reflecting pa-

tients’ self-ratings of activities of daily living) most recently avail-

able at the time of the participants’ baseline and 3- and 6-month

research appointments.

Analyses. Changes in SCR measures and participant-defined

severity ratings following DBS surgery for the various symptom

and behavioral goal categories were assessed using separate mixed

effects linear regression models, which can be considered intent-

to-treat models and provide more accurate estimates when data

are missing.17 Time of assessment, symptom or behavioral goal

categories, and their interaction were independent variables for all

participant-defined outcome ratings. For SCR measures, only time

of assessment was included as the independent variable. Age and sex

of the participant were included as covariates in all models. Model fit

across alternative covariance structures and random effects was

evaluated using both the Akaike18 and Bayesian Information

Criteria,17 which showed the same pattern of results; ultimately,

an unstructured residual covariance structure and random

intercept fit best.

The relationships between the participants’ severity ratings of

their individual goals and SCR measures at baseline were exam-

ined using Pearson correlations.

RESULTS Fifty-two participants completed the
baseline assessments. Data were available on 47 of
the participants at month 3 and 45 at month 6 (3 par-
ticipants withdrew for personal reasons and the
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remaining 4 did not complete the study because they
did not have surgery at our center within the study
timeframe). The majority of our participants were
men (n5 39, 75%) with an average age of 61.3 years
(SD 5 9.3 years) and 9.1 years (SD 5 4.1 years) of
PD. All were white and non-Hispanic/Latino. The
subthalamic nucleus was the surgical target in all
but one of the participants.

Symptom and behavioral goals. Based on verbatim
quotes, participants’ symptoms were sorted into the
following categories: tremor, gait, rigidity, dyskine-
sias, other medication side effects, nonmotor, and
other motor. The medication side effects category
included any physical symptom that participants
directly attributed to their medications (e.g., drowsi-
ness). We recognize that patients may misattribute
symptoms of PD to their medications and that there
is considerable overlap between these categories. Con-
sistent with our desire to better understand the pa-
tient’s experience and goals for DBS, we decided to
code any symptom that patients directly attributed to
their medications in the medication side effects cate-
gory. Nonmotor symptoms included complaints
regarding cognitive, psychiatric, sleep, fatigue, and
pain symptoms. Other motor symptoms represented
a mix of participants’ motor symptom concerns not
addressed in the previous symptom categories, such as
on/off fluctuations, off state (other than specifically
related to gait), bradykinesia, and dystonia.

Similarly, participants’ verbatim responses to
the behavioral goals questions were divided into the
following categories: social, avocational pursuits,

activities of daily living (ADL), work, driving, and
other. The social category was comprised of goals
with a clear and explicit social component (e.g.,
attend church) and often included the expressed
desire to re-engage in previously enjoyable activities
with specific family members. Avocational pursuits
included all hobbies (e.g., woodworking), exercise,
and sports-related activities. The ADL category con-
sisted of specific behavioral activities important for
basic daily activities such as drinking, dressing, and
eating. Paid employment, volunteer work, and house-
hold chores comprised the work category. Finally, the
other category included an amalgam of activities most
often related to medication use, such as reducing
medication costs or need for frequent dosing. Rela-
tively vague responses, such as “improve my quality of
life,” were also included in the other category.

Figure 1 illustrates the total number of symptom
and behavioral goals with their relative rankings re-
ported in each category. The blue bars represent the
top-ranked goal whereas the yellow and green bars
represent the second- and third-ranked goals, respec-
tively. Control of tremor followed by improvements
in gait and nonmotor symptoms were the top-ranked
symptom goals, whereas social, avocational, and ADL
goals were the top behavioral goals.

Significant improvements following DBS surgery
were observed for both the SCR measures and the
participant-identified symptom and behavioral goals
(table 1). Examination of the effect size data indicates
that large effect sizes (i.e., Cohen d $0.8)19 were
evident on all of the outcome measures with particu-
larly strong effect sizes evident for the UPDRS-III

Figure 1 Top 3 endorsed symptom and activity goals

ADL 5 activities of daily living; Med SE 5 medication side effects.
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and the participant-identified primary symptom and
behavioral goals (representing a variety of different
symptom and behavioral goal categories). More
detailed examination of the impact of DBS surgery
on different participant-identified symptom goal cat-
egories revealed evidence of greater improvements in
tremor, gait, dyskinesias, medication side effects,
nonmotor, and other motor symptoms following
DBS surgery vs the much smaller improvements evi-
dent in rigidity from the participants’ perspective
(time 3 symptom category interaction F(12,41) 5

2.78, p 5 0.007; figure 2). There were no significant
differences in the magnitude of improvements in par-
ticipants’ behavioral goal severity ratings across spe-
cific activity categories (time 3 activity category
interaction F(10,41) 5 0.33, p 5 0.966), suggesting
that similar improvements were evident in all behav-
ioral goal categories over time (figure 3).

Correlations with standard clinical research metrics. The
majority of the symptom and behavioral goal severity
measures were significantly correlated with each other
prior to DBS surgery (i.e., 10 out of 12 possible corre-
lations were significant; all r range 5 0.27–0.51, all
p , 0.05). In contrast, the participant-identified
severity measures were generally not consistently
significantly correlated with the SCR outcome
metrics (i.e., 13 out of 18 correlations were
nonsignificant; r range 0.02–0.29, p. 0.05) (table 2).

DISCUSSION Our data provide a systematic qualita-
tive and quantitative assessment of patients’ individ-
ually defined goals for DBS with respect to symptoms

of PD and participation in behavioral goals. Patients
most often identified improvements in tremor or fine
motor control as their top symptom goal. Patients’
goals also encompassed a number of other symptoms,
including nonmotor symptoms. In addition to spe-
cific symptom goals, we queried patients regarding
their behavioral goals. Avocational pursuits, work,
and social relationships are among the primary behav-
ioral goals patients expressed. These findings mirror
similar data from studies examining epilepsy surgery
patients’ goals for surgery, highlighting that patients’
expectations extend beyond seizure control and
include cognitive, psychiatric, work, social, and driv-
ing goals.20 On average, our patients described limi-
tations to their current ability to participate in valued
activities with respect to both their symptom and
behavioral goals prior to DBS. Following DBS sur-
gery, improvements were apparent over time in pa-
tients’ symptom and behavioral goals, with the
exception of less perceived benefits in rigidity follow-
ing DBS relative to other symptom goals.

Our study differs in important ways from other
studies, which have examined patients’ goals and ex-
pectations in the treatment of PD.7,8 Similar to our
study, a prior study7 incorporated a semi-structured
interview into their methods to better understand
patients’ expectations and postoperative subjective
perceived benefit; however, this study did not incor-
porate patient-reported severity ratings that would
have allowed more detailed quantitative assessment
of perceived benefit. In contrast, another report8 pro-
vided detailed quantitative assessment of patients’

Table 1 Change over time in standard and participant-defined outcome measures

Baseline,
mean
(SE)

3-Month
postoperative,
mean (SE)

6-Month
postoperative,
mean (SE)

Preoperative vs postoperative

F (p) Cohen d

PDQ 47.9 (3.3) — 25.1 (2.5) 60.5 (,0.001) 1.74

UPDRS-II 17.2 (1.0) 12.5 (1.0) 12.0 (1.1) 25.7 (,0.001) 1.10

UPDRS-III 38.7 (1.5) 20.1 (1.2)a — 141.5 (,0.001) 3.06

Symptom goal 1 7.4 (0.3) 2.9 (0.4) 2.1 (0.4) 71.0 (,0.001) 3.35

Symptom goal 2 7.0 (0.3) 3.8 (0.4) 2.9 (0.4) 36.8 (,0.001) 2.59

Symptom goal 3 6.9 (0.3) 3.3 (0.4) 3.4 (0.4) 40.0 (,0.001) 2.21

Activity goal 1 7.6 (0.3) 3.6 (0.4) 2.9 (0.4) 50.4 (,0.001) 2.97

Activity goal 2 7.1 (0.3) 3.9 (0.4) 3.2 (0.4) 41.2 (,0.001) 2.47

Activity goal 3 7.0 (0.3) 3.6 (0.4) 3.0 (0.4) 38.2 (,0.001) 2.53

Abbreviations: PDQ5 Parkinson’s Disease Questionnaire–39; UPDRS 5 Unified Parkinson’s Disease Rating Scale; UPDRS-
III 5 Unified Parkinson’s Disease Rating Scale motor subscale.
For repeated-measures data, the F statistic is the time main effect from mixed effects regression models. Estimated
denominator degrees of freedom varied from 41 to 43 across dependent variables (n 5 45 for postoperative UPDRS-III,
6-month postoperative symptoms 1–3, and activities 1–2 variables; n 5 44 for 6-month postoperative activity 3 variable
due to examiner error; n 5 38 for 6-month PDQ variable due to lack of postoperative standard neuropsychological
assessment; n 5 41 for 6-month UPDRS-II variable). Cohen d was computed using means and standard errors from mixed
effects regression models using postoperative vs 6-month estimates (if available).
aUPDRS-III off medication/on stimulation scores were collected at the 1-month postoperative visit.
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perceptions of benefit following treatment for PD
symptoms as measured using an adaptation of the
Patient Center Outcomes Questionnaire, but the
items included in the measure were derived from
clinicians’ experiences and did not specifically reflect
patient-identified goals, as did our study. We sought
to better understand patients’ individually defined
goals for DBS from both qualitative and quantitative
perspectives.

The general absence of significant correlations
between most of the participant-identified goal sever-
ity ratings and SCR metrics suggests that novel and
nonredundant information may be gleaned by sys-
tematically assessing patients’ goals. Some of the

symptoms our patients described are evaluated using
the UPDRS-III, but others are captured with the less
commonly reported UPDRS parts I, II, and IV. Nei-
ther these additional UPDRS measures nor the PDQ
fully assess the richness of the behavioral goals our
patients expressed; for example, the PDQ does not
tap into work-related goals or driving. Social and avo-
cational pursuits, as expressed by our patients, are
only assessed using a global vague question in the
PDQ regarding the impact of PD in limiting a pa-
tient’s ability to engage in preferred leisure activities.
We recommend that other DBS teams systematically
assess patients’ goals for DBS and consider quantify-
ing them using visual analogue scales. We have
argued elsewhere for the need for a more comprehen-
sive assessment of outcome that includes traditional
outcome measures as well as functional and patient-
specific metrics.21

Importantly, not all patients with DBS experience
a satisfaction gap. Our patients clearly reported im-
provements in their individually defined symptom
and behavioral goals after DBS surgery. In fact, the
effect size data suggest that DBS may be even more
efficacious in addressing the things that patients care
most about, particularly patients’ primary symptom
and behavioral goals, relative to many other SCR out-
come measures. Importantly, these data hold true
regardless of the category of goals, suggesting that
DBS was highly effective in addressing a variety of
symptom and behavioral goals that individual patients
identified as most important. This observation raises
the intriguing possibility that patients may be more
attentive to and expect greater benefit in those goals
they value most highly. This observation merits fur-
ther investigation in future studies. Interestingly, the
improvements in patients’ defined goals extended to
PD symptoms (e.g., nonmotor), whose responsiveness
to DBS is not as well-established as that of motor
symptoms. Whether these differences reflect varying
definitions of benefit (or the perception of benefit)
between patients’ vs clinicians’ evaluations is uncer-
tain. Regardless of whose definition of benefit over
time is the most accurate, we argue that the patients’
perspectives are critical particularly in the context of
elective neurosurgery. These findings challenge us to
continue to consider what perspectives we are not
measuring in the consideration of evaluating outcome
following DBS surgery. Further, our data illustrate
how patient-completed outcome metrics, such as the
UPDRS-II and PDQ, do not always reflect patients’
goals. Truly patient-centered care should include
direct assessment of patients’ stated goals and values
and not simply patient-completed measures.

These findings might not be generalizable onto other
patient groups with PD. It is possible that patients who
pursue DBS may differ in important ways from patients

Figure 2 Change in symptom severity ratings over time by category

DBS 5 deep brain stimulation.

Figure 3 Change in activity severity ratings over time by category

ADL 5 activities of daily living; DBS 5 deep brain stimulation.
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who do not pursue DBS. For example, patients who
pursue DBS may have a stronger family support system
and advocacy, which might affect the patients’ stated
goals (e.g., it is possible that due to the strong social
support to pursue DBS, our sample may not have rated
social activities as highly as another sample with PD). In
addition, as part of the selection process, we screen out
patients with clinically meaningful cognitive symptoms
and ensure that any psychiatric symptoms are well-
controlled prior to moving forward14; thus, these non-
motor symptom goals may be relatively minimized in
our sample and potentially even more prominent in
other PD groups. Our team also is attentive to patients’
stated goals for DBS and, in some cases, patients have
not been offered surgery due to unrealistic expecta-
tions14; thus, our sample may not be representative of
other DBS patients. Our small sample size precluded
our ability to examine the potential effect of PD phe-
notype or site of surgery, which are potentially impor-
tant considerations. Finally, this was an open study. It is
possible that participation in a study whose design im-
plies the value the clinical care team places on patients’
goals and satisfaction may have resulted in a positive
response bias. These are empirical questions that require
additional study in addition to more long-term follow-
up to determine if the findings evident in the short-term
following DBS surgery persist.

Despite these potential limitations, our data pro-
vide valuable insights into the goals, values, and pref-
erences voiced by patients with PD regarding their
decisions to seek out DBS. Systematic assessment of
patients’ goals prior to and following DBS surgery
provides another window, or way of knowing, into
PD that may not only benefit our patients but also
inform future basic science and ethics research by
yielding unique insights into living a life with PD that
are not available to most clinical researchers.
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