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ABSTRACT: In the advanced stages of Parkinson’s
disease (PD), patients frequently experience disabling
motor complications. Treatment options include deep
brain stimulation (DBS), levodopa-carbidopa intestinal
gel (LCIG), and continuous subcutaneous apomorphine
infusion (CSAI). Choosing among these treatments is
influenced by scientific evidence, clinical expertise, and
patient preferences. To foster patient engagement in
decision-making among the options, scientific evidence
should be adjusted to their information needs. We con-
ducted a systematic review from the patient perspective.
First, patients selected outcomes for a treatment choice:
quality of life, activities of daily living, ON and OFF time,
and adverse events. Second, we conducted a systematic
review and meta-analysis for each treatment versus best
medical treatment using Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE).
Finally, the evidence was transformed into comprehensi-
ble and comparable information. We converted the meta-
analysis results into the number of patients (per 100)

who benefit clinically from an advanced treatment per
outcome, based on the minimal clinically important dif-
ference and the cumulative distribution function.
Although this approach allows for a comparison of out-
comes across the three device-aided therapies, they
have never been compared directly. The interpretation
is hindered by the relatively short follow-up time in the
included studies, usually less than 12 months. These
limitations should be clarified to patients during the
decision-making process. This review can help
patients integrate the evidence with their own prefer-
ences, and with their clinician’s expertise, to reach an
informed decision. © 2021 The Authors. Movement
Disorders published by Wiley Periodicals LLC on behalf
of International Parkinson and Movement Disorder
Society
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In the advanced stages of Parkinson’s disease (PD), most
patients develop motor complications, which can have a
significant impact on quality of life.1 For many patients, it
is difficult to manage these complications with oral medi-
cation. There are three advanced treatments available:
deep brain stimulation (DBS), levodopa-carbidopa intesti-
nal gel (LCIG), and continuous subcutaneous apomor-
phine infusion (CSAI). The choice of one of these
treatments versus continuing best medical treatment
(BMT) should be based ideally on combined input from
scientific evidence, clinical expertise, and individual patient
preferences,2 likely supplemented by big data analyses.3

In our previous study, patients reported that not all
options were discussed.4 Several factors contributed:

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article under the terms of the Creative
Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly
cited.

*Correspondence to: Dr. Frouke A.P., Nijhuis, Weg door Jonkerbos
100, 6532SZ Nijmegen, the Netherlands; E-mail: f.nijhuis@cwz.nl

Relevant conflicts of interest/financial disclosures: There was no
external funding for this study, and none of the authors have financial
disclosures related to this study. The authors report no conflicts of
interest related to this study.

Funding agency: This study was not externally funded.

Received: 17 December 2020; Revised: 2 February 2021; Accepted: 1
March 2021

Published online 2 April 2021 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.28599

Movement Disorders, Vol. 36, No. 6, 2021 1293

https://orcid.org/0000-0003-1751-8650
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:f.nijhuis@cwz.nl
http://wileyonlinelibrary.com


patient ineligibility for a treatment, physician treatment
preference, and limited treatment availability. Patient
characteristics (mild cognitive impairment, com-
orbidities, independence) often guide physician treat-
ment choice. However, a large group of patients is still
eligible for all treatments, and patient preferences
should be included in decision-making. Patients can
only construct their preferences if they know all the
treatment options and are aware of their benefits and
risks. They need balanced, objective, and reliable infor-
mation based on the best available evidence to facilitate
this complex information exchange and decision-mak-
ing. In the case of advanced PD treatments, the evi-
dence is not readily available for direct comparison of
all treatments.5,6 Furthermore, framing of benefits and
risks of treatment options can influence patient choice.7

The format for presenting the possible benefits and
risks is therefore important.
The aim of this systematic review and meta-analysis

was two-fold: (1) to assess the scientific evidence about
effectiveness of advanced treatments for outcomes that
PD patients find crucial for their treatment choice; and
(2) to translate the evidence into comprehensible infor-
mation formats.

Methods
Selection of Relevant Outcome Measures

We used data obtained from our previous studies4,8

to select relevant outcomes. We first organized six focus
groups and three interviews with 16 caregivers and
20 patients who had previously received an advanced
treatment.8 This produced a list of items that patients
and caregivers regarded as relevant when choosing an
advanced treatment. Next, 111 patients prioritized
these items in a survey.4 Patients prioritized the follow-
ing as most important: quality of life (QoL), activities
of daily living (ADL), physical effects, and complica-
tions/adverse effects. For QoL, we used the Parkinson’s
Disease Questionnaire (PDQ-39) or PDQ-8 scales. For
ADL we chose the Unified Parkinson’s Disease Rating
Scale Part II (UPDRS II). OFF time and ON time, as a
representation of physical effects, were expressed in
hours. We defined a good ON time as ON time without
troublesome dyskinesia. Most controlled studies have
used these outcomes.

Literature Search
We conducted a systematic literature search from

inception of each database to February 2019 and
updated the search monthly until May 2020. The ques-
tions addressed were: (1) what is the effect of the inter-
ventions (DBS, LCIG, and CSAI) compared to each
other on each outcome (QoL, ADL, ON and OFF time,
and complications/adverse effects) in advanced PD

patients; and (2) what is the effect of each intervention
compared to BMT on each outcome in these patients.
The search covered PubMed, EMBASE, and Cochrane
Central Register of Controlled Trials and was sup-
plemented with hand searches in reference lists of
included studies. The search strategy, developed by an
independent and experienced librarian, included a
range of keywords (both MeSH and free text): DBS,
deep brain stimulation, subthalamic nucleus stimula-
tion, global pallidus stimulation, Duodopa, levodopa-
carbidopa intestinal gel, LCIG, intestinal levodopa,
continuous apomorphine infusion, CSAI, or related syno-
nyms. The search strategy is available upon request.

Study Selection
Two independent researchers (F.A.P.N., P.P.R.)

screened all titles/abstracts based on inclusion and
exclusion criteria. In case of disagreement, the final
decision was based on the full-text article. The inclusion
criteria were: (1) the study population consists of
advanced PD patients with severe motor fluctuations
and/or dyskinesias despite BMT; (2) the study includes
at least one outcome measure of our interest (QoL,
ADL, ON or OFF time, adverse events); (3) the study
either directly compares all three treatments (CSAI,
DBS, and LCIG) or compares one of the treatments
(CSAI, DBS, or LCIG) to BMT; (4) the study includes
at least 10 participants; and (5) the study is a random-
ized controlled trial (RCT), prospective non-RCT, or
prospective cohort study. The definition of advanced
PD is not straightforward but includes some key indica-
tors of both motor and non-motor functions. Motor
functions include moderately troublesome motor fluctu-
ations, at least 1 hour of troublesome dyskinesia/day, at
least 2 hours of OFF symptoms/day, and at least five
oral levodopa doses/day.9 Exclusion criteria were:
(1) the study compares different DBS targets, unless it
also compares DBS to BMT; (2) the study concerns
stimulation of other than the subthalamic or pallidal
nuclei; (3) the study compares an intervention with pla-
cebo instead of BMT, unless the placebo group also
continues BMT; (4) the study compares an intervention
with oral levodopa alone and not BMT; and (5) the
study is a retrospective study. Only full-text articles
were considered for inclusion.
The full-text articles of all selected abstracts were

assessed independently by two researchers (F.A.P.N.,
W.D.) using a data collection form. In case of disagree-
ment between reviewers, a third independent reviewer
(B.P.) was consulted, and consensus was reached
through discussion.
For each comparison (CSAI vs. DBS vs. LCIG, CSAI

vs. BMT, DBS vs. BMT, LCIG vs. BMT) the quality
and certainty of evidence was determined using
the Grading of Recommendations, Assessment,
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Development, and Evaluation (GRADE) approach.10

Since a very small number of studies met all criteria for
some of the treatments or outcomes, non-randomized
studies were also included when no RCTs were avail-
able or the level of certainty from the RCTs was low or
very low.

Data Extraction and Quality Assessment
One reviewer (F.A.P.N.) extracted data on study

design, patient population (inclusion and exclusion
criteria, number of patients, duration of disease, dura-
tion of levodopa treatment, concomitant treatment),
type of intervention (CSAI, DBS, LCIG), intervention
procedures (type of operation, dose levels), length of
follow-up, number of patients lost to follow-up, and
outcome measures.
One reviewer (F.A.P.N.) assessed the included studies

for methodological quality and discussed this with a
small review team (F.A.P.N., M.J.M., B.P.) using
GRADE.10 Specifically, we assessed the study limita-
tions by evaluating randomization method, allocation
concealment, blinding method, intention to treat analy-
sis, and loss to follow-up data. As per GRADE proto-
col, we also assessed the certainty of evidence of
inconsistency (heterogeneity), indirectness, imprecision,
and other potential sources of bias, including publica-
tion bias. The GRADE criteria were then applied to
downgrade the certainty of evidence per specific out-
come of each comparison. The certainty of evidence for
an individual outcome was ultimately rated as high,
moderate, low, or very low.

Data Synthesis and Analysis
In case at least two studies addressed the same out-

come, a meta-analysis was used to compute a pooled
score. Depending on the character of the outcome

measure, either pooled mean difference or pooled pro-
portion was computed. In case only one study reported
results for an outcome measure, the point estimate of
that study was used. Heterogeneity was assessed using
the Tau2 and I2 statistic. Tau2 is defined as the variance
of the true effect sizes, and the I2 describes the percent-
age of variation across studies that is due to heterogene-
ity rather than chance.11,12 Because considerable
heterogeneity was present in several studies, we always
used a random effect model to compute the pooled
score. In case large heterogeneity occurred, the possible
causes were studied.

Transformation to Clinical Practice
To translate the outcomes into a plain language for-

mat, we calculated the chance of success of a treat-
ment. The chance of success is defined as the
probability of realizing a positive result equal or more
than the minimal clinically important difference
(MCID) of an outcome measure. The probability of a
clinically relevant effect is expressed in number of
patients who have a clinically relevant effect when
100 patients are treated. The probability density func-
tion reflects the probability of the random variable
falling within a particular range of values. It is given
by the area under the density function and between
the lowest and greatest values of the chosen range
(Fig. 1). We selected the MCID for each outcome
from the literature.13-15 For most scales (PDQ-39,
PDQ-8, UPDRS II, and OFF time), improvement
meant a lower score, and therefore the MCID is nega-
tive. For ON time, improvement is shown as an
increase in hours, and therefore the MCID is positive.
Assuming outcomes follow a normal distribution with
a given mean and standard deviation, the cumulative dis-
tribution function (CDF) can be used to calculate the

FIG. 1. Calculation of probability of clinically relevant effect for quality of life in deep brain stimulation (DBS) versus best medical treatment (BMT). PDF,
probability density function; QoL, quality of life; MCID, minimal clinically important difference; PDQ, Parkinson’s Disease Questionnaire; CDF, cumula-
tive distribution function.
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probability of a clinical relevant improvement (Fig. 1).16

For example, Fig. 1 represents the normal distribution
curve of the mean difference effects in QoL for the DBS
group (continuous line) and the BMT group (dotted line).
The cumulative distribution function is the probability
that a variable takes a value ≤X, in which X represents
the MCID. In the example of QoL that is −4.72 for
PDQ-39 (thick vertical black line) and −5.94 for PDQ-8
(vertical grey line). The probability of a clinically relevant
effect in QoL (PDQ-39) for DBS and BMT can then be
deducted from the left graph (Fig. 1). This was done for
all outcomes. For ON time duration, the CDF was
corrected for the positive MCID.

Data Availability Policy
All data included in this review are available in the

articles indicated in Table 1. The list of most important
excluded studies based on full-text analysis, including
the reason for exclusion, are available on request. All
GRADE reviews and details can be provided upon
request. This review follows the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) criteria for reporting.17

Results
Literature Search and Study Selection

Figure 2 summarizes the results of the search and
study selection. After we screened 6116 titles and
abstracts, 357 articles were selected for full-text review.
Of these, 184 articles met inclusion criteria. Of these,
157 were DBS studies, of which many were either DBS
non-RCTs (n = 23) or DBS prospective cohort studies
(n = 122) and were not included in the meta-analysis.
Studies included were conducted in the United States
(US) (n = 3), Europe (n = 21), the Middle East (n = 1),
Australia (n = 1), and on multiple continents (n = 4).
One study compared all three advanced treatments in a
comparative, prospective cohort study.18 For DBS, we
retrieved 12 articles from five original RCTs.19-30 They
all had moderate to high levels of evidence for all out-
comes, so we excluded other study designs. For LCIG,
five articles based on three unique RCTs fulfilled
criteria for further analysis.31-35 We also included
16 prospective cohort studies,36-51 as some outcomes of
interest only reached a low certainty of evidence. For
CSAI we included one RCT comparing CSAI with
BMT52 and two non-RCTs (three articles).53-55 As these
studies did not have high-quality evidence for all out-
comes, six prospective cohorts (seven articles) were also
included.36,56-61 Table 1 describes the characteristics of
the studies included in the GRADE analysis.

Population Characteristics
Sample sizes ranged from 10 to 366 participants.

The total studies in the meta-analysis included 1048
patients in the DBS group, 106 in the LCIG group
(1066 when including prospective cohorts), and 107 in
the CSAI group (286 when including prospective
cohorts). The definition of advanced PD in most stud-
ies was not specified other than motor fluctuations
and/or dyskinesia despite BMT. Some used key indica-
tors such as at least 3 hours of OFF time per day, at
least 3–5 years of PD, and BMT. The mean age of par-
ticipants in the CSAI studies ranged from 56 to
65 years. The mean age in the DBS trials ranged from
59 to 62 years, apart from the two studies that
included substantially younger patients (mean age 48–
53 years).20,21 These studies also had patients with a
shorter duration of disease compared to the other DBS
studies, but all included patients with motor complica-
tions and were all included in the meta-analysis. The
LCIG population had a wider age range (52–74 years).
Three studies included predominantly women,40,46,58

in all other studies the number of men dominated, or
there was an equal distribution. Disease severity was mea-
sured differently across studies and was therefore difficult
to compare. Disease duration was not available for all
studies: three DBS RCTs reported mean disease durations
of 6.4 to 11.5 years20-22; the two other reported duration
of levodopa treatment of 10.8–13.6 years. The largest
LCIG RCT31 reported a mean duration of 10–11.8 years,
one RCT reported a median duration of 13 years,32 and
the smallest did not report disease duration.33 The LCIG
cohort studies reported mean durations of 10.5–
16.1 years. The CSAI RCT population had a mean dura-
tion of 10.6–11.8 years.52 The other CSAI studies
reported mean durations of 10.0–14.5 years. More details
on population demographics of the included studies can
be found in Supplement S1.

Intervention and Comparison Characteristics
All five DBS RCTs compared DBS combined with

BMT versus BMT alone. In four studies, DBS
targeted the subthalamic nucleus (STN),19-22 or
patients were equally randomized to subthalamic
nucleus DBS or globus pallidus nucleus DBS.23 Three
studies were of bilateral stimulation19,21,23; in one most
patients had unilateral stimulation20; and one did not
reveal whether participants received unilateral or bilateral
stimulation.22

All LCIG studies used LCIG combined with BMT
versus placebo infusion combined with BMT or LCIG
combined with BMT versus BMT alone. Mean levo-
dopa infusion dosage was only mentioned in one RCT
(average 94 mg/h, range 26 to 196 mg/h), and infused
daily levodopa doses ranged between 456 and
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TABLE 1. Characteristics of the included studies

Study and year Study design
Follow up
(SD)[range]

Participants
in group (n) Outcomes Notes

Intervention: all advanced treatments
Dafsari 2019 Prospective, non-

randomized, open-label
multicenter, real-life

cohort study of CSAI, DBS,
LCIG

6 mo 39(CSAI)/101 (DBS)/
33(LCIG)

QoL, adverse
events

Large group of real-life
cohort study, therefore not
comparable groups at

baseline

Intervention: DBS original RCTs (additional articles of same RCT)
Deuschl 2006 (Witt
2008, Daniels 2011,
Witt 2011)

Randomized (paired),
controlled, unblinded trial

DBS vs. BMT

6 mo 78 (DBS)/78 (BMT) QoL, ADL ON/OFF
time, adverse

events
Schuepbach 2007
(Lhommee 2018,
Schuepbach 2019)

Randomized (matched pairs),
controlled, unblinded trial

(pilot study)

18 mo 10 (DBS)/10 (BMT) QoL, ADL Patients with shorter disease
duration with motor

fluctuations
Weaver 2009 (Weaver
2012, Rothlind 2015)

Randomized, controlled,
multicenter trial

Blinded motor assessment
stratification by study site

and age

6 mo 121 (DBS)/134 (BMT) ADL, ON/OFF
time, adverse

events

Williams 2010 Randomized (pairwise),
unblinded trial

1 y 183(DBS)/183(BMT) QoL, ADL, OFF
time, adverse

events

Over 1/3 used apomorphine
as well, unclear if this
was CSAI or injections

Schuepbach 2013 Randomized, controlled,
multicenter, unblinded trial

24 mo 124 (DBS)/127 (BMT) QoL, ADL,
ON/OFF time,
adverse events

Patients with shorter disease
duration with motor

fluctuations
Intervention: LCIG original RCTs (additional articles of same RCT)
Kurth 1993 Double-blinded, placebo-

controlled, cross-over
study, randomized in six

different treatment
schemes of LCIG vs. BMT

4 d 10 ON/OFF time LCIG (and placebo) through
nasoduodenal tube

Nyholm 2005 (Isacson
2008)

Randomized, multicenter,
cross-over trial LCIG vs.

BMT

6 wk and 6 mo 25 QoL, ON/OFF time Only 12 patients available for
follow-up data, LCIG
through nasoduodenal

tube
Olanow 2014 (Antonini
2016)

Randomized, multicenter,
double-blinded, placebo-
controlled trial of LCIG vs.

BMT

12 wk 37 LCIG(+BMT)/34
placebo (+BMT)

QoL, ADL,
ON/OFF time

Placebo group also had PEG-J
surgery

Intervention: LCIG non-randomized studies/cohort studies (additional articles of same study)
Antonini 2008 Prospective, before−after,

open-label, multicenter
study of LCIG

2 y 22 QoL, ADL,
adverse events

Palhagen 2012/Palhagen
2016

Prospective, open-label,
multicenter, cohort study

of LCIG

3 y 77 (36 LCIG naïve
patients)

QoL, ADL,
adverse events

Large group already treated
with LCIG, in our analysis
only LCIG naïve population

is taken
Fernandez 2013/
Fernandez 2015

Prospective, multicenter,
before−after, open-label

study of LCIG

54 wk 354 QoL, ADL,
ON/OFF time,
adverse events

Fernandez 2013 is interim
analysis, Fernandez 2015

is final analysis
Zibetti 2013 Prospective, open-label,

multicenter, cohort study
of LCIG

3 y 25 QoL, ADL,
adverse events

Caceres-Redondo 2014 Prospective, before−after,
open-label study of LCIG

32.2 ± 12.4 mo 29 QoL, ADL,
adverse events

Antonini 2015/Antonini
2017

Prospective, multicenter,
before−after, open-label

study of LCIG

24 mo 375 (225 prospective
cohort)

QoL, ADL,
ON/OFF time,
adverse events

Includes retrospective cohort
and prospective cohort.
We only included the
prospective cohort

Bohlega 2015 Prospective, before−after,
open-label study of LCIG

48.5 ± 23.2 mo 20 QoL, adverse
events

(Continues)
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TABLE 1. Continued

Study and year Study design
Follow up
(SD)[range]

Participants
in group (n) Outcomes Notes

Martinez-Martin 2015 Prospective, non-
randomized, comparative,
open-label study CSAI vs.
LCIG (data for before

−after study of CSAI and
LCIG)

6 mo 44 QoL, adverse
events

Stated as a comparative trial
CSAI vs. LCIG, however
separate before−after
data are presented

Slevin 2015 Open-label, multicenter,
extension study of the
RCT (Olanow 2014) of

LCIG vs. BMT

52 wk 62 (29 naïve) QoL, ADL,
ON/OFF time,
adverse events

Patients in BMT group of
RCT were offered to

switch to LCIG and were
analyzed in this study as

naive LCIG group
alongside the continuous
LCIG treatment group (and
a combined analysis as

well)
Catalan 2018 Prospective, multicenter,

before−after, open-label
study of LCIG

6 mo 62 ADL, ON/OFF
time

Ciurleo 2018 Prospective, before−after,
open-label study of LCIG

6 mo 12 QoL

Vijiaratnam 2018 Prospective, before−after,
open-label study of LCIG

6 mo 25 QoL, ADL,
adverse events

Intervention: CSAI RCT
Katzenschlager 2018 Randomized, placebo-

controlled, double-blind,
multicenter trial of CSAI

vs. BMT

12 wk 53(CSAI)/54(BMT) QoL, ADL,
ON/OFF time,
adverse events

Only RCT with relevant
outcomes for our study

Intervention: CSAI non-randomized studies/cohort studies (additional articles of same study)
Stibe 1988 Prospective, before−after,

open-label study with 2
groups (CSAI and

apomorphine injections)

8 mo [1–15] 11 CSAI ON/OFF time In our analysis only CSAI
included

Pietz 1998 Prospective, before−after,
open-label study with 2

groups (CSAI and
apomorphine injections)

20.2 mo
(54.0 mo)

25 CSAI ADL, OFF time In our analysis only CSAI
included

Kanovsky 2002 Prospective, before−after,
open-label study

2 y 12 CSAI ON/OFF time,
adverse events

Di Rosa 2003/Morgante
2004

Non-randomized, open-label,
blinded-rater, parallel-
group trial CSAI vs. BMT

1 y/2 y 12 (CSAI)/18 (BMT) OFF time,
adverse events

The two articles describe the
same study population but
different follow-up. An
important exclusion

criterion was age above
65 y

Katzenschlager 2005 Prospective, 2 centers before
−-after study, blinded

rating of video
assessments

6 mo 12 CSAI ON/OFF time,
adverse events

De Gaspari 2006/
Antonini 2011

Prospective, before−after,
open-label study of CSAI

(or DBS patients)

1 y
5 y

12 CSAI OFF time Antonini study not included
for analysis as only 2/13
patients reached 5-y

follow-up
Martinez-Martin 2011 Non-randomized, open-label,

parallel group trial CSAI
vs. BMT

12.5 mo
(11.5 mo)

17 (CSAI)/17 (BMT) QoL No accurate control group,
no comparable groups at

baseline
Martinez-Martin 2015 Prospective, non-

randomized, comparative,
open-label study CSAI vs.
LCIG (data for before

−after study of CSAI and
LCIG)

6 mo 43 CSAI QoL, adverse
events

Stated as a comparative trial
CSAI vs. LCIG, however
separate before−after
data are presented

Abbreviations: SD, standard deviation; CSAI, continuous subcutaneous apomorphine infusion; DBS, deep brain stimulation; LCIG, levodopa-carbidopa intestinal gel; mo,
month; QoL, quality of life; RCT, randomized controlled trial; BMT, best medical treatment; ADL, activities of daily living; mo; months; ON/OFF time: duration of on time and
duration of OFF time.
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3556 mg.32 The other two RCTs31,33 mentioned total levo-
dopa equivalent doses, which included other parkinsonian
medications. In all three RCTs, continuous infusion was
applied during waking hours (8–16 h daily). Seven cohort
studies36,39,40,43-45,48 reported infused daily levodopa doses
between 1127 and 1840 mg. In the cohort studies, LCIG
was sporadically continued at night. Five LCIG cohort
studies40,44,45,48,51 reported percentage of patients on LCIG
monotherapy of 28% to 97%. Two LCIG RCTs used a
nasoduodenal tube for LCIG and not a PEG-J tube.32,33 In
the largest LCIG RCT (n = 71), controls also had PEG-J
tube placement but received placebo.31

All CSAI studies compared CSAI combined with
BMT versus BMT alone. Although not all studies pro-
vided details, most studies used antiemetics to reduce
the risk of side effects. Most studies had continuous
infusion during waking hours, but only one continued
CSAI at night.57 Mean apomorphine infusion dosage
ranged from 73 to 113 mg/day. In the CSAI RCT, CSAI
combined with BMT was compared to placebo infusion
combined with BMT using the same procedures as in
the CSAI group.52

Follow-Up Characteristics
Follow-up ranged from 4 days to 5 years. The DBS

RCTs had longer follow-up (6–24 months)19-23 than the
other two advanced therapy RCTs.31-33,52 LCIG RCTs
follow-up ranged from 4 days to 12 weeks.31-33 In the
non-randomized LCIG studies, follow-up ranged from
6 months to 4 years.36-51 The CSAI RCT had a follow-
up of 12 weeks.52 In non-randomized CSAI studies,
follow-up ranged from 6 months to 2 years.36,44,45,56-61

Classification of Evidence
Table 2 shows the MCID for each outcome and the

certainty of evidence per outcome, and Tables S3–S5
describe the classification of evidence using GRADE for
each treatment. The quality and certainty of evidence
for QoL was high for DBS. For the other outcomes,
quality of evidence for DBS was downgraded to moder-
ate for inconsistency (Table S3). The quality of evidence
of LCIG RCTs was moderate for QoL, ADL, and ON
and OFF time. Even though there were three RCTs, no
meta-analyses were conducted due to the study design

FIG. 2. Flowchart of search and study results. BMT, best medical treatment; CSAI, continuous subcutaneous apomorphine infusion; DBS, beep brain
stimulation; LCIG, levodopa-carbidopa intestinal gel; RCT, randomized controlled trial.
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of the two crossover trials (details in Table S4). Main
reasons for downgrading were inconsistency and impre-
cision (Table S4). The quality of evidence of the LCIG
cohort studies was very low for all outcomes. For ON
and OFF time and serious adverse events (SAEs), the
CSAI RCT had a moderate level of certainty. For QoL,
the study was downgraded for imprecision, as the confi-
dence intervals included MCID and scored a low level
of certainty (Table S5). The details of the GRADE
judgements are available upon request.

Effectivity
Quality of Life

For QoL, DBS had the largest clinically relevant
effect, as 25 more patients had improved QoL com-
pared to BMT when 100 patients were treated. The
LCIG RCTs were not pooled, as the randomized cross-
over trial32 measured treatment difference between
LCIG and BMT but did not report change from base-
line. The RCT of LCIG versus BMT31 had a similar
mean treatment difference (−7.0 points) as DBS versus
BMT (−7.4 points). However, the 95% confidence
intervals (95% CIs) were much wider for LCIG versus
BMT (95% CI −16.0; 2.0) compared with DBS versus
BMT (95% CI −9.3; −5.6). This produced a smaller
chance of beneficial effect of 14 more patients improv-
ing in QoL when treated with LCIG compared to BMT
for 100 patients treated. The BMT group in the LCIG
RCT31 also experienced a beneficial effect on QoL
(−3.9 points). The cohort studies showed a larger
effect,36,38-41,43-48 but did not have a BMT comparison
group and had a lower level of certainty due to risk of
bias, inconsistency, and imprecision. There was a small
beneficial effect of CSAI in the RCT, with 10 more
patients (out of 100) improving with CSAI compared to
BMT. The non-RCT55 (−32.2 points on PDQ-39 [95%
CI −47.7; −16.6]) and before−after study (−14.8 points
[95% CI −20.0; −9.6])36 showed much larger effects
on QoL, with a lower level of certainty due to risk of
bias and imprecision. The non-RCT also had significant
differences in QoL at baseline between the CSAI group
and the BMT group.55

Activities of Daily Living

DBS versus BMT had a pooled treatment effect of
−1.9 points (95% CI −3.8; 0.0) on the UPDRS II, and
LCIG versus BMT had a mean treatment effect of −3.0
points (95% CI −5.3; −0.8). Taking the mean differ-
ences of each treatment, the CIs and the MCID for
ADL (−3), DBS, and LCIG had similar effects, with
15 more patients having a clinically relevant beneficial
effect compared with BMT for 100 treated patients.
The LCIG RCTs were not pooled, as the randomized
crossover trial32 measured treatment difference between
LCIG and BMT and did not report change from

baseline. The LCIG cohort studies with follow-up
≤1 year showed similar effects (−4.0 points [95% CI
−4.6; −3.4]),38,42,43,46-48 and the cohort studies with
follow-up of 2 to 3 years showed no effect (0.3 points
[95% CI −2.6; 3.1]).38,40,44,45 The CSAI RCT52 did not
use ADL as an outcome measure. The cohort studies
used different rating scales and different methods to
report the effects (percentage improvement, absolute
difference, percentage of patients improved) and could
not be pooled.

ON and OFF Time Duration

With CSAI, 21 more patients had a clinically relevant
beneficial effect on OFF time duration compared with
BMT for 100 treated patients. A similar effect was seen
for ON time duration, as 24 more patients in the CSAI
group had a beneficial effect compared with BMT. DBS
had a similar effect on OFF time duration as CSAI,
with 24 more patients having a beneficial effect com-
pared to CSAI. Some 32 more patients in the DBS
group compared with the BMT group had a beneficial
effect on ON time duration. For LCIG, the small benefi-
cial effect in reduction in OFF time duration was also
reflected in a small beneficial effect in increased ON
time due to a similar large effect in the LCIG group as
BMT in the LCIG RCT.31 The LCIG RCTs were not
pooled, as the randomized crossover trial33 measured
treatment difference between LCIG and BMT and did
not report change from baseline.

Serious Adverse Effects

The risk for an SAE is highest for DBS, with a chance
of 20 more patients experiencing an SAE compared to
BMT. In two RCTs,22,23 the majority of SAEs were
surgery-, device-, or stimulation-related. In the LCIG
group, two RCTS used nasoduodenal tubes instead of a
PEG -J tube, which excluded surgical risks. The SAEs
are given for the RCT using a PEG-J tube. The risk of
an SAE in the LCIG group was less than in the BMT
group, with six fewer patients experiencing one. The
adverse events were almost all due to surgery and
device-related complications in both the LCIG and
BMT group, who also underwent the PEG-J tube place-
ment.31 The risk was small for CSAI treatment, with a
chance of five more patients in the CSAI group
experiencing an SAE compared to BMT. The SAEs
reported in the CSAI RCT were all considered
treatment-related.52

Discussion

In this systematic review and meta-analysis, we com-
pared the effects and risks of CSAI, DBS, and LCIG for
outcomes that were patient-selected. There is increasing
awareness that patient involvement in decision-making
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is important for several reasons, of which the greatest is
the ethical imperative.62 Furthermore, studies suggest
that shared decision-making (SDM) improves patient
satisfaction and treatment adherence.63 In order to be
really involved in decision-making, patients should have
access to information that is relevant to them.64

Although outcomes were not determined by patients in
previous reviews,5,6 the patients in our study selected
almost similar outcomes. Interestingly, when we asked
seven Dutch movement disorder specialists to prioritize
the most relevant outcome measures concerning
advanced treatment, they agreed with the patients’ out-
comes but wanted to include the UPDRS III. We con-
ducted the meta-analysis for this outcome for the
neurologists but did not include the results in this
review, because we focused on the patient perspective.
Caregiver perspective is also important to consider in
the overall decision process, in particular in people with
advanced PD due to cognitive decline who may find it
difficult to participate in the decision process. That is
one of the reasons we included caregivers in the focus
groups, which was the actual starting point for the
development process. The changing role for the partner
linked to a specific advanced treatment emerged as a
factor in treatment choice in the focus groups.8 In the
subsequent questionnaire, however, this factor was
given the lowest priority, and we did not select care-
giver burden as an outcome for the evidence synthesis.4

Importantly, we added an extra step in this review,
namely to convert the evidence to patient-tailored and
comprehensible information. Until now, patients (and
neurologists) lacked appropriate information to bench-
mark the various advanced treatments.8 We found no
RCTs that directly compared all three therapies. We
found evidence for each advanced therapy compared to
BMT for most outcomes. In traditional systematic
reviews and meta-analyses, interpretation of the results
in clinical practice is difficult. Specifically, the relevance
of a statistically significant effect is limited in clinical
practice,65 and interpretation of the weighted mean dif-
ference often depends on what the decision-maker con-
siders a relevant estimate of a specific outcome effect.
This data interpretation can even differ among experi-
enced meta-analysis reviewers.66 To make the interpre-
tation clinically more relevant, the MCID is an
important first step.67 MCIDs were available in the lit-
erature for all outcomes selected by patients. To make
the best available evidence comparable for patients, we
used the cumulative distribution function and the
MCID. With this approach, the evidence can be com-
pared for the different treatments relative to BMT.
Discussing the evidence with a patient in the decision

process should not be limited to the effects and adverse
events of the treatment options, but should also include
the level of certainty about the effect. After previous
reviews were published, the most important updates

included new RCTs for CSAI and LCIG, increasing the
quality of evidence for these treatments. The level of
certainty of the evidence was highest for DBS versus
BMT. Also, DBS had the largest beneficial effects on
QoL, ADL, and ON time, and the highest risk for an
SAE. LCIG showed smaller beneficial effects than DBS
on QoL, ON time, and OFF time. The total levodopa
dosage increased in the BMT group during the trial in
the most recent LCIG RCT, which could imply that
they had not received BMT yet at the start of the
study.31 This would also explain the relatively large
beneficial effect in the BMT group and therefore the
lower mean treatment difference effect between LCIG
and BMT. Another explanation could be that there was
a larger placebo effect in the BMT group, as the
patients in the BMT group received a PEG-J tube as
well, while the BMT group in the DBS studies did not
receive sham surgery. The original authors stated that
LCIG has similar effects on QoL and ON and OFF time
as DBS, but in our meta-analysis the effects of DBS are
higher. The mean treatment difference for QoL in DBS
versus BMT is similar to LCIG versus BMT; however,
due to the broader confidence intervals in the LCIG
trial compared to the pooled DBS trials, the probability
of a clinically relevant effect (based on the MCID) is
lower. This illustrates how our approach also includes
the level of certainty of an effect (the smaller the confi-
dence intervals, the larger the clinically relevant effect);
this information is helpful for decision-making, as it
shows that the certainty about the evidence for DBS is
greater than for the other two advanced treatments.
The lower risk of SAEs for LCIG compared to DBS
should be interpreted cautiously, as the BMT group in
the LCIG RCT also received PEG-J tube placement,
and most adverse events were device- or surgery-
related. CSAI had smaller beneficial effects on QoL
than DBS or LCIG. CSAI had the lowest risk of an
SAE. The differences in certainty of evidence can be dis-
cussed with the patient. The calculation based on the
cumulative distribution function helps the patient to
have a more realistic expectation of the effect of an
advanced therapy, as the calculation includes the impre-
cision of the estimate. Literature on communicating evi-
dence to patients is largely based on how to effectively
translate population-based evidence to the individual
patient, showing most communication tools (either ver-
bal, written, or computer-based) will increase patient
understanding, but will increase understanding more if
the tool is tailored, structured, or interactive, such as
decision aids.68 The best method to discuss the level of
evidence to increase interpretation is less well evaluated,
but suggestions are to increase understanding by using
common symbols and words (provided in GRADE
software).69

Incorporating these findings into patient information
will better equip them to make an informed decision.
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The patient-relevant outcomes for the three advanced
treatments compared to BMT can be presented on a
single page in comprehensible numerical information.
This can serve as a catalyst for shared decision-making.
Effects and risks are better understood when displayed
in simple frequencies (x out of 100 patients develop…)
and presented in absolute risks instead of relative risks.
Graphs can help patients to better understand incre-
mental effect/risk formats (absolute effect/risk increase
or decrease).70 This review shows that all therapies
have beneficial effects, with DBS having the highest
level of evidence. Previous reviews showed similar
results, but they did not have sufficient data on QoL.5,6

The National Institute for Health and Care Excellence
(NICE) guideline recommends DBS for advanced PD
patients, but describes apomorphine infusion therapy as
one of the treatments under BMT, which makes it diffi-
cult to compare their recommendation to our findings.
LCIG is not recommended by NICE, as it was deemed
not to be cost effective in daily practice.71 However, it
is possible to recommend LCIG to a patient, because
personalized treatment advice is based on many factors
which extend beyond the strict evidence derived from
evidence-based guidelines. The first step is to determine
the nature and severity of advanced PD symptoms, their
responsiveness to an adequate trial of levodopa, and to
assess the presence of comorbidity and cognitive and
neuropsychiatric status. Second, it is necessary to decide
about the presence of absolute and relative contraindi-
cations for any of the advanced treatments. Third, an
individual risk–benefit assessment must be made based
on individual patient preferences as to which treatment
would be of greatest benefit.6 This information about
treatments should be tailored to the patient’s main goal
of treatment, the risks the patient is willing to accept,
the social support system, and practical therapy prefer-
ences (daily care, number of follow-ups needed, and the
likely influence on social life).6 This requires an individ-
ually tailored decision process and will not necessarily
lead to a choice for the treatment with the largest effect.
These results provide patients, caregivers, and
healthcare professionals in the field with a useful and
comprehensive tool in the shared decision process.

Strengths and Limitations
The main strength of this study is that we conducted

a systematic review from the patient perspective. Fur-
thermore, we included the certainty of evidence and
converted the results into information relevant to the
patient. This makes it applicable for clinical dialogue
between patient, caregiver, and clinician in the decision-
making process. This review is not without shortcom-
ings. A large limitation is the lack of direct comparative
studies including all three therapies. Furthermore, the
level of certainty of evidence is different for different

treatments. Including all studies resulted in more heter-
ogenous groups and could have influenced the effects.
One DBS study, for example, included unilateral stimu-
lation, which is no longer common practice,20 and the
DBS studies had longer follow-up compared to the
CSAI and LCIG RCTs. Longer follow-up increases the
risk of progression of PD and decreases the measured
treatment effects. In general, the follow-up durations of
the RCTs were limited (up to 3 months for LCIG and
CSAI, and up to 24 months for DBS). PD patients indi-
cated that they preferred to have more information on
the long-term effects, but did not rank this as most
important in reaching the decision for one of the
advanced treatments.4 For DBS, improvements have
been shown for follow-ups as long as 10 years, but
these studies often had several limitations, such as bias
due to losses to follow-up and deterioration due to nat-
ural disease progression.72 In the LCIG cohort studies,
QoL improvement remained, but ADL improvement
disappeared after a follow-up of up to 2 to 3 years.
More importantly, these LCIG studies were character-
ized by loss to follow-up or discontinuation of treat-
ment. For CSAI, the long-term effects were mainly
derived from retrospective studies, which showed pro-
longed benefits, but with the same limitation of a sub-
stantial number of patient withdrawals.73

Further high-quality studies are needed for LCIG and
CSAI and should include QoL. This is a key outcome
measure, because patients themselves ranked this as the
most important outcome, and also because improve-
ments in ON or OFF time (helpful as it may be as a
useful intermediate outcome) may not necessarily trans-
late into a better QoL. A further important reason for
including QoL as a critical outcome is that patients
who undergo a device-aided therapy will experience
residual non-motor symptoms, some of which will not
improve after starting the treatment, even when it is
very effective in reducing the level of motor disability
and alleviating motor fluctuations. Including QoL as an
outcome will capture the overall status of the patient
following the intervention, including the non-motor
burden that may accumulate due to natural disease pro-
gression. From a patient perspective, upfront informa-
tion about these residual non-motor symptoms might
very well be an important factor in choosing a specific
treatment.
Another limitation is the difference in populations,

though all patients in all studies were defined as
patients with advanced PD with motor fluctuations
despite BMT, disease durations in the DBS RCTs were
shorter, and data suggest that not all populations were
already optimally treated with oral medication. It is
often difficult to extrapolate the findings from trials to
real life due to inclusion of often non-representative
populations. For example, in daily practice we often see
elderly patients with response fluctuations and with
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relevant comorbidity, but they are usually excluded
from participation in trials. The next level of decision-
making would be to create more personalized predic-
tions of both the effects and risks using big data analyt-
ics of large naturalistic and typically more
heterogeneous patient populations, based on individual
characteristics such as age, comorbidity, or cardinal
symptom.3 We strongly recommend that the patient’s
voice should be included in future clinical trials from
inception to design (including the primary outcome
choice) and the ultimate communication in a publica-
tion. Consistently including the patients’ voices might
also help reduce the heterogeneity of outcome measures
across different studies, thereby facilitating their inter-
pretation. However, a lack of studies comparing the
three treatments does not mean there is no information
to compare them. Using the GRADE approach to pre-
sent the level of certainty about the evidence and the
MCID and cumulative distribution function to present
the effects and risks can support both the patient (and
presumably the clinician) in balancing the benefits and
risks for each treatment option. This method can serve
as a template for translating evidence into patient-
relevant information for many other decisions and has
the benefit of looking beyond statistical significance to
clinical relevance that is meaningful to patients. Our
meta-analysis is informed by studies where the mea-
surement was based on a snapshot clinical judgement
by an observer, typically using a subjectively rated clini-
cal scale (which is hampered by their subjective nature,
as well as by the natural day-to-day fluctuations in
patient performance), or based on (retrospective)
patient reports (which are hampered by poor patient
recall). Future studies would greatly benefit from hav-
ing objective and longitudinal measurements in a
patient’s own living circumstances, for example, using
body-worn sensors.74,75 The choice for cut-off levels of
MCIDs is debatable. All MCIDs were determined using
the anchor-based method or a combination of methods
including at least the anchor-based method.13-15 The
strength of anchor-based methods is that the MCIDs
are determined by patient assessments and not expert
opinion (consensus methods) or statistics driven (distri-
bution methods).67 However, they also carry a poten-
tial risk of bias (subjectively chosen anchor, recall bias
regarding change of symptoms).15,67

Conclusions

In this systematic review and meta-analysis, we
compared the effects and risks of DBS, LCIG, and CSAI
for patient-selected outcomes, considering the level of
certainty about the evidence. The evidence was trans-
formed into comprehensible and comparable information
that is easy to read and understand by patients. These

data are of great value in daily clinical dialogue between
patient, caregiver, and clinician in the decision-making
process for an advanced treatment in PD.
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