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Abstract

Background and Objective Deep brain stimulation (DBS) is an established treatment for Parkinson’s disease (PD) in patients
with advanced motor symptoms with an inadequate response to pharmacotherapies. Despite its effectiveness, the cost effec-
tiveness of DBS remains a subject of debate. This systematic review aims to update and synthesize evidence on the cost
effectiveness of DBS for PD.

Methods To identify full economic evaluations that compared the cost effectiveness of DBS with other best medical treat-
ments, a comprehensive search was conducted of the PubMed, Embase, Scopus, and Tufts Cost-Effective Analysis registry
databases. The selected papers were systematically reviewed, and the results were summarized. For the quality appraisal,
we used the modified economic evaluations bias checklist. The review protocol was a priori registered with PROSPERO,
CRD42022345508.

Results Sixteen identified cost-utility analyses that reported 19 comparisons on the use of DBS for PD were systematically
reviewed. The studies were primarily conducted in high-income countries and employed Markov models. The costs consid-
ered were direct costs: surgical expenses, calibration, pulse generator replacement, and annual drug expenses. The majority
of studies used country-specific thresholds. Fourteen comparisons from 12 studies reported on the cost effectiveness of DBS
compared to best medical treatments. Eleven comparisons reported DBS as cost effective based on incremental cost-utility
ratio results.

Conclusions The cost effectiveness of DBS for PD varies by time horizon, costs considered, threshold utilized, and stage
of PD progression. Standardizing approaches and comparing DBS with other treatments are needed for future research on
effective PD management.

1 Background

Key Points for Decision Makers

Parkinson’s disease (PD) is a chronic and progressive neu-
rodegenerative disorder that afflicts aging people globally
[1]. The death of dopaminergic neurons in the substantia
nigra pars compacta and the presence of alpha-synuclein
protein in the brain are the hallmarks of PD [1]. Patients

We observed that the cost effectiveness of deep brain
stimulation for Parkinson’s disease varies by time hori-
zon, costs considered, threshold utilized, and stage of
Parkinson’s disease progression.

Cost-utility analysis models should be interpreted with with PD exhibit a range of motor and non-motor symptoms:
consideration of data limitations, such as the absence of tremors, rigidity, and difficulty with movement, balance, and
long-term effectiveness data and the challenges in mod- coordination [1]. Parkinson’s disease significantly impacts a
eling disease complications. patient’s quality of life, and managing the disease could be

challenging for patients and caregivers [2]. Parkinson’s dis-
ease lacks a definitive cure; the treatments primarily involve
the use of pharmacological agents to substitute for the loss
of dopamine in the striatum, along with non-dopaminergic
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over time, necessitating the need for alternative treatments
to manage its symptoms effectively [3, 4].

Deep brain stimulation (DBS) is an effective option for
patients with Parkinson’s disease who develop motor com-
plications that do not respond to L-DOPA treatment [1].
Deep brain stimulation is a neurosurgical treatment that
involves the implantation of electrodes into the subthalamic
nucleus or globus pallidus internus regions of the brain
[5, 6]. An implantable pulse generator connected with the
electrodes generates electrical impulses for stimulation [5].
Studies have shown that DBS effectively reduces motor
symptoms and improves the quality of life of patients with
PD [2, 5, 7, 8]. Bilateral subthalamic nucleus DBS is sug-
gested to reduce dopaminergic medications and bilateral
globus pallidus internus DBS is suggested to reduce the
severity of “on” medication dyskinesias [9]. Meta-analyses
of randomized controlled trials have reported that DBS sig-
nificantly improves the Unified Parkinson’s Disease Rating
Scale II (activities of daily living) and the Unified Parkin-
son’s Disease Rating Scale III (motor scores) in advanced
PD [10-15]. The potential long-term cost savings associated
with DBS may justify its upfront expense, particularly if it
reduces the need for costly medications or hospitalizations
[16]. However, despite DBS’s demonstrated effectiveness,
its higher cost relative to other treatments has raised con-
cerns about its value in terms of overall health outcomes and
resource allocation [17].

Several cost-utility analyses (CUAs) have evaluated the
cost effectiveness of DBS for PD, with mixed results [18].
Some studies have suggested that DBS is a cost-effective
treatment option compared with medical therapy alone
[19-22]. In contrast, others have reported that DBS is not
cost effective when considering the high initial cost of the
procedure and the need for long-term maintenance [23].

The previous systematic reviews reveal the evolving
landscape of cost-effectiveness studies in DBS for PD over
time. Becerra et al. reported DBS cost effective for advanced
PD despite a higher initial cost than best medical treat-
ments (BMTs) [18]. Dang et al. observed variability in the
incremental cost-utility ratios (ICURs) from model-based
evaluations for DBS compared with BMTs [24]. Afentou
et al. suggest tailored interventions because of varying PD
progression, to enhance the quality of life for patients and
caregivers [25]. Marsili et al. reported that Levodopa-Carbi-
dopa Intestinal Gel and DBS are more efficacious than BMT
but with higher costs for healthcare systems [26].

Because of the evolving landscape of newer publications
on the cost effectiveness of DBS for PD, we conducted a
systematic review to provide an updated synthesis of the
available evidence. Further, we provided an incremental net
benefit (INB) of the currency year of each study and we con-
verted all ICURs in 2023 USD to determine the economic
value of DBS for PD. Our review will help inform healthcare
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policy decisions with insights into the economic considera-
tions of DBS as a treatment option for PD.

2 Materials and Methods

The study protocol was pre-registered with PROSPERO,
CRD42022345508, and the study was conducted and
reported according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [27].

2.1 Data Sources, Eligibility Criteria, Screening,
and Search Strategy

PubMed, Embase, Scopus, and the Tufts Medical Cent-
ers’ cost-effective analysis registry were searched [28] for
cost-utility studies published from inception to 25 July,
2022 (Appendix I of the Electronic Supplementary Mate-
rial [ESM]). The Population, Intervention, Comparator,
Outcome (PICO) approach was used to construct the search
terms. We included published CUAs that met the following
eligibility criteria: patients with established PD requiring
treatment and treated with DBS, studies reporting economic
outcomes in ICURs per quality-adjusted life-year (QALY)
or INB. We excluded studies with effectiveness measured
other than in QALYS, reviews, letters, editorials, abstracts,
books, reports, gray literature, and methodological articles.
Appendix I of the ESM provides detailed search terms and
search strategies.

2.2 Selection of Studies

English language studies that met the eligibility criteria, listed
from the electronic database search, were screened indepen-
dently by two reviewers (BSB and SK) for titles and abstracts
using the Rayyan-web application [29]. After title and abstract
screening and deduplication, the full text of the finalized stud-
ies was independently reviewed in detail by three reviewers
(BSB, SK, and AS) using the Rayyan-web application. The
reference list of recovered studies was examined for additional
suitable papers. The independent assessors’ mutual agreement
with the arbitrator (BSB) produced the final list of studies
that met the inclusion and exclusion criteria, and data were
extracted from the selected studies.

2.3 Data Extraction

Using a data extraction template adapted for the outcomes of
interest, AS and SK extracted the following data from the eli-
gible studies: author, year, country of setting, study/patient
characteristics, intervention, comparator, and the general char-
acterization of the model, which included model type, perspec-
tive, time horizons, discount rate, and currency year. Economic



Cost Effectiveness of DBS for PD

183

parameters included costs 7, incremental costs (AC), clinical
effectiveness (E), its incremental effectiveness (AE), ICURs,
INB values, and their measures of dispersion (i.e., standard
deviation, standard error, or 95% confidence interval). Will-
ingness to pay and threshold were also extracted. From the
cost-effective plane graph, we extracted AC and AE values
using the Web-Plot-Digitaliser [30].

2.4 Data Preparation and Statistical Analysis

Incremental net benefit was calculated for the currency year
of each study. Incremental net benefit is defined as INB =
KX AE — AC, where K represents the willingness-to-pay
threshold, AC denotes incremental cost (i.e., the difference in
costs between intervention and comparator), and AE denotes
incremental effectiveness (i.e., the difference in effectiveness
between intervention and comparator). A positive INB favors
intervention, i.e., intervention is cost effective, whereas a nega-
tive INB favors the comparator, i.e., intervention is not cost
effective. We chose to present INBs because of the ambiguity
in interpreting ICURs and their inherent limitations [31].

As the included studies reported results in different curren-
cies and at different timepoints (years), [CURs were converted
to a common currency (US dollar [USD] 2023), adjusted for
inflation using the Consumer Price Index (CPI), and converted
to purchasing power parity (PPP)-adjusted USD for the year
2023 [32]. This conversion was done using the formula:

CF_2023 = (CPI_2023/CPI_currency_year) X (1/ppex_2023).

All data were prepared using Microsoft Excel version
2019 [33] and using Stata software version 17 [34].

2.5 Risk of Bias Assessment and Quality Assessment

We assessed quality independently using the modified eco-
nomic evaluation bias (ECOBIAS) checklist [35]. It consid-
ers both overall biases (11 items) and model-specific biases,
including structure (four items), data (six items), and inter-
nal consistency (one item) [Fig. S1 of the ESM].

3 Results

A systematic search of multiple peer-reviewed repositories
yielded 2023 studies, from which 57 articles underwent
full-text screening. Of these, 16 articles focused on CUAs
were included in the final analysis. The screening process
is provided in the PRISMA flow chart (Fig. 1). In this cur-
rent synthesis, apomorphine subcutaneous infusion (ASBI)
and continuous subcutaneous apomorphine infusion (CSAI)
were not considered as part of the traditional BMT, which
encompasses oral dopamine replacement therapies using

levodopa as monotherapy or levodopa combined with other
antiparkinsonian drugs. [36] This distinction arises because
ASBI and CSAI involve a different route of administration
and are employed as advanced or adjunctive interventions
for PD. These 16 studies reported 19 comparisons [19-23,
37-47] (Fig. 1). Among these, DBS was compared with
BMT in 12 studies with 14 comparisons [19-23, 38, 4043,
45, 46], while single studies compared DBS with bilateral
radiofrequency ablation [44], magnetic resonance-guided
focused ultrasound thalamotomy (MRgFUS) [47], ASBI
[39], and CSAI [37]. The majority of studies involved indi-
viduals with advanced PD, though one study focused on
early-stage PD [19] and another on tremor-dominant PD [47]
(Table 1).

Eleven studies with 13 comparisons adopted a payer’s
perspective [19-23, 37-40, 45, 46], while the remaining
five studies with six comparisons were conducted from a
societal perspective [41-44, 47]. All studies included in our
review were conducted in high-income countries, with four
comparisons from the UK [21-23, 37], three comparisons
from the USA [40, 43, 44] and Germany [19, 20, 37], two
comparisons from Spain [38, 39], Taiwan [41], and Hong
Kong [45], and one study each from Sweden [42], Japan
[46], and Canada [47]. Walter and Odin provided data from
two countries, Germany and the UK [37]. Ten studies uti-
lized a Markov model [19-22, 37, 39-42, 46], while two
studies employed a decision tree [44, 47] and prospective
studies [38, 45], respectively. Furthermore, Mclntosh et al.
conducted an alongside trial [23], and Tomaszewski and
Holloway used a semi-Markov process [43]. Some studies
used a 6-month cycle length [21, 22, 37, 40, 46], while some
studies used a 1-year cycle length [19, 20, 22, 43], and Fann
et al. used a 3-month cycle length [41].

While disease progression is often determined according
to Hoehn and Yahr stages, Fann et al. utilized a regression
analysis to obtain a Hoehn and Yahr stage proxy based on
the Unified Parkinson’s Disease Rating Scale motor score
[41]. Dams et al. used the algorithm by Young et al. for
early PD [48]. Among the 16 CUAs, nine comparisons uti-
lized a 3% discount rate for both costs and effects [19, 20,
37, 40-43, 45], while four comparisons employed a 3.5%
discount rate for both costs and effects [21, 22, 37, 39]. One
study from Canada reported only a discount rate of 1.5% for
effects [47]. Kawamoto et al. did not report the discount rate
for costs and effects [46].

Health resource costs were derived from various sources,
including national guidelines, national health insurance data-
bases, clinical trials, hospital cost departments, and pub-
lished studies. These sources included Medicare in the USA
[43], the National Health Insurance of Spain [38], clinical
databases in Sweden [42], the hospital financial depart-
ment in China [45], the PD SURG clinical trial [21, 23],
guidelines from the Japanese Society of Neurology [46] and
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German PD guidelines [37], among others. Most of the stud-
ies utilized input parameters sourced from the EARLYSTIM
Trial [49], the Deuschl randomized controlled trial [50], or
the PDSURG trial [51] for the model effectiveness measures.
Time horizons for the studies ranged from 1 year to a life-
time, with Fann et al. and Zhu et al. providing two horizons,
a shorter horizon and a longer horizon [41, 45]. Four studies
with five comparisons reported a lifetime horizon [19, 20,
37, 43].

All CUAs included direct costs specific to DBS costs,
such as surgery, calibration, pulse generator replacement,
and temporary and permanent DBS complications. Addi-
tionally, annual drug costs included expenses related to
follow-up visits, annual home or nursing home care, and
hospital admissions. Only one recent CUA used Diag-
nosis Related Groups for battery exchange, [19] while
older studies used Diagnosis Related Groups for a cardiac
pacemaker exchange [20]. However, equipment costs such
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as DBS implants were not included in some studies, and
Mahajan et al. used Medicare reimbursement as a proxy
for the societal cost [44], and Zhu et al. collected base-
line costs retrospectively [45]. Some studies excluded the
costs of adverse events for DBS [46], and some studies
assumed the costs to be constant over time, even when
cost data were collected over a more extended period of
time [22].

All other studies reported country-specific thresholds
except two studies. Zhu et al. did not provide a willing-
ness-to-pay threshold and reported that the treatment cost
exceeded the recommended cost-effective range in Europe
but was in the upper end of the cost-effective range in the
USA. Fann et al. used a threshold of three times the gross
domestic product per capita in Taiwan. The year of reference
for the studies ranged from 2001 to 2020. Only four studies
reported results of a probabilistic sensitivity analysis [22,
23,37,41, 46].
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3.1 Quality Appraisal

The risk of bias in the selected studies was assessed using
the ECOBIAS checklist (31). Nearly 80% of the studies
used the BMT as a comparator and all comparators were
adequately described. Data transparency was reported to
be adequate across all studies. Sufficient information was
provided on costs, effectiveness, discount rates, and fund-
ing sources. Selection bias related to model choice was
negligible. However, the studies were found to have a high
risk of bias related to the time horizon, as most studies
did not employ a lifetime horizon. Further, the chance of
limited scope bias was higher, and the internal consistency
related to mathematical logic was not evident in nearly all
studies (Fig. 1 of the ESM).

3.2 Cost Effectiveness of DBS vs BMT

A total of 14 comparisons from 12 studies reported on the
cost effectiveness of DBS compared to the BMT [19-23,
38, 40-43, 45, 46]. Eleven comparisons reported DBS as
cost effective based on ICUR results [19-22, 38, 40-43,
45, 46] (Table 1). Fann et al. provided cost-effective esti-
mates for short-term and long-term evaluations (3-year
and 10-year time horizons) from a societal perspective
[41], while Zhu et al. 2014 reported on 1-year and 2-year
time horizons from a healthcare provider perspective [45].
Although Fann et al. indicated that DBS was not cost
effective over a 3-year horizon, it became cost effective
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over a 10-year horizon. Zhu et al. reported that DBS was
cost effective over a 2-year horizon but not over a 1-year
horizon.

Studies with a longer time horizon (> 5 years) reported
DBS as cost effective compared with BMT [19, 20, 43].
Valldeoriola et al. considered DBS cost effective, even
though the ICUR exceeded the generally acceptable
threshold used in Spain (< 30,000 Euros) [38]. Figure 2
illustrates the incremental cost, adjusted for PPP and CPI
for 2023, plotted against incremental QALYSs, with the size
of each data point representing the ICUR in USD (PPP
2023)/QALY.

3.3 Cost Effectiveness of DBS Versus Other
Device-Aided Therapies

Four studies with five comparisons reported on the cost
effectiveness of DBS compared to other treatments [37, 39,
44, 47]. Deep brain stimulation was reported to be cost effec-
tive when compared with bilateral radiofrequency ablation
[44] and ASBI [39]. However, DBS was not cost effective
compared with MRgFUS thalamotomy for tremor-dominant
PD from a societal perspective [47]. A study by Walter and
Odin concluded that CSAI could be a viable alternative
treatment for patients with advanced PD, as it was found to
dominate DBS in terms of cost effectiveness [37]. However,
the study reported that the utilities and costs were similar
for both treatment options in the UK and Germany from a
healthcare provider’s perspective [37].

Legend
Study_year
1 Norlin_2021
2 Mahajan_2021
3 Meng_2020
4 Fann 2020 a
5 Fann_2020_b
6 Vivancos 2016
7 Dams_2016
o@ 8 Pietzch 2016
9 Fundament 2016
10 Mc Intosh_2016
1 Kawamoto_2016
12 Walter_2015
13 Walter 2015
14 Zhu 2014 a
15 Zhu_2014_b
16 Eggington_2014
17 Dams_2013
18 Valldeoriola_2007
19 Tomaszewski 2001
2 2.5 3 3.5

Incremental QALY

Fig.2 Cost-effectiveness plane indicating each study’s results on the cost effectiveness of deep brain stimulation. The size of the blob reflects the
incremental cost-utility ratio in US dollar (purchasing power parities 2023) per quality-adjusted life-year (QALY)
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4 Discussion

This systematic review synthesized cost-effectiveness evi-
dence for DBS in PD from published CUAs. The majority
of the included studies compared DBS with BMT among
patients with advanced PD, while a few other comparisons
included bilateral radiofrequency ablation, MRgFUS, ASBI,
and CSAI The included studies in the review are all from
high-income countries, with the UK, USA, and Germany
being the most represented. Most studies adopted a payer’s
perspective, with a few considering a societal perspective.
Health resource costs and analytical time horizons varied
among studies, and ranged from 1 year to a lifetime. Most
studies indicate that DBS is cost effective for PD compared
with BMT. However, the cost effectiveness of DBS varies
according to the country, time horizon, perspective adopted,
and threshold used. Regarding other device-aided therapies,
the effectiveness evidence for Levodopa-Carbidopa Intes-
tinal Gel, and apomorphine pumps is limited [42]. Walter
et al. concluded CSAI dominated DBS, even though costs
and utilities were nearly the same for both treatment options.
Although MRgFUS remains a viable option to DBS, the
cost-effectiveness advantage is less substantial [47]. Fur-
thermore, even though Mahajan et al. had reported lower
treatment costs for focused ultrasound [44], the focused
ultrasound equipment is quite costly; hence, even if the pro-
cedure is cost effective, its immediate adoption and scalabil-
ity may be limited. More studies are needed to compare the
cost effectiveness of DBS with levodopa-carbidopa intestinal
gel subcutaneous apomorphine infusion in order to inform
decision making regarding the most effective and efficient
treatment approach. Additionally, future studies should
investigate the cost effectiveness of DBS for different sub-
groups of patients with PD, such as those with early-stage
or tremor-dominant PD, as well as for different DBS targets.
Reported cost effectiveness of DBS varied based on the
source of effectiveness and cost data being considered. Egg-
ington et al. reported favorable ICURs using clinical data
from the Deuschl randomized controlled trial [50]. In con-
trast, McIntosh et al., conducted alongside the PD SURG
study, reported less favorable results for DBS [23]. The
PD SURG study had used a micro-costing methodology to
ascertain costs associated with DBS and BMT, as well as
their long-term implications [23]. Nevertheless, considering
the elapsed time since the clinical investigation, the possibil-
ity of including outdated practices cannot be disregarded.
Quality assessment of the selected studies observed sev-
eral methodological strengths, including the frequent use of
the BMT as a comparator, ensuring a well-defined compari-
son. Additionally, most included studies exhibited data trans-
parency. Adequate reporting of costs, effectiveness, discount
rates, and funding sources further enhanced the transparency
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of cost-effectiveness analyses. However, we identified nota-
ble methodological weaknesses, primarily the relatively
short time horizons employed in some studies [23, 38, 41,
45, 47]. Furthermore, some studies did not comprehensively
capture the broader economic impact of DBS. Internal con-
sistency was unclear in most studies, raising concerns about
the reliability of presented cost-effectiveness estimates.

4.1 Implications and Variability in the Cost
Effectiveness of DBS

Determinants of the cost effectiveness of DBS encompass a
range of factors, including broader cost considerations from
a societal perspective [41, 42], the duration of the DBS effect
[22, 43], the age at the time of the DBS intervention (e.g.,
early intervention at 60 years) [20, 46], the relative cost dif-
ferences in comparator options [38], and cost reductions
in DBS-related expenses occurring after the first year of
surgery [19, 45]. In terms of outcomes, these determinants
encompass variations in QALY gains [23, 37, 40, 43], utility
weights associated with Hoehn and Yahr ‘off” states, and the
extent of improvement in motor complications [20, 50]. On
the cost-related front, critical factors include hardware and
procedural costs [19-22, 40, 43, 46], battery life [19, 20,
22,40, 43], medication costs [19, 21, 40], and the reduction
in the length of hospital stays [23]. Model-related factors
come into play, including the choice of discount rates [20,
37] and time horizons [22, 23, 40, 43]. Notably, studies with
shorter time frames consistently indicate that DBS may not
be cost effective [23, 41, 45]. Surprisingly, despite a lifetime
time horizon, Tomaszewski and Holloway, which employed
a semi-Markov process, found DBS to be cost ineffective
[43], underscoring the intricate nature of evaluating DBS
cost effectiveness over extended periods.

Owing to a myriad of pragmatic factors, prior cost-effec-
tiveness analyses pertaining to DBS have been hindered by
several limitations. First, the absence of long-term effec-
tiveness data, especially for early PD in some model-based
evaluations [19-22, 37, 40, 43, 44, 46], constrains our abil-
ity to comprehensively assess DBS outcomes over extended
periods. Additionally, the lack of robust quality-of-life evi-
dence associated with DBS effectiveness and its variabil-
ity in treatment choices, both in model-based [19-22, 37,
40, 43, 44, 46] and trial-based evaluations [45], pose chal-
lenges in fully capturing the impact of DBS on patients’
well-being. Furthermore, difficulties in modeling motor and
non-motor complications because of limited data in some
model-based studies [20, 21, 37], and issues stemming from
limited sample sizes or non-randomized designs in both
trial-based [38, 45] and model-based evaluations [20, 21,
37, 43], introduce uncertainties into our analyses. Exclu-
sions of non-medical and indirect costs [19-22, 37, 40, 43,
44, 46], concerns regarding cost data accuracy [19-21, 38,
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43, 45], non-standardized timeframes for battery replace-
ment [19, 40], statistical issues, such as double counting or
missing data imputation [19, 20, 37, 43], the heterogeneity
of data sources in model-based evaluations [22], insufficient
data concerning adverse events and associated costs [20,
46], and the exclusion of health and social service follow-up
costs [20, 38], collectively underscore the methodological
complexities inherent in our assessment.

4.2 Methodological Strengths and Weaknesses

In conducting a cost-effectiveness analysis for DBS in PD
differences in methodology, estimation duration and input
cohorts, such as disease progression across nationalities or
races, may impact the results. Further, implementing DBS
treatment for PD presents various complexities. The lack of
well-established eligibility criteria and frequent contraindi-
cations hinder the appropriate assignment of this treatment
modality [52]. Additionally, a scarcity of neurologists with
expertise in DBS and other device-aided therapies poses
organizational challenges for its broader application [42].
Long waiting times for initiating device-aided therapies,
particularly DBS, are common and further exacerbated by
the ongoing pressures on healthcare delivery due to the
COVID-19 pandemic [53]. The underutilization of DBS
may be attributed to suboptimal economic incentives within
distinct cost-bearing entities, necessitating further investiga-
tion into financial frameworks for treatment allocation [20].
Further, there is a conspicuous paucity of data from lower- to
middle-income countries and low-income countries regard-
ing the cost effectiveness of DBS for PD.

In the context of decision making for PD treatments, it is
important to acknowledge the key sources of uncertainty in
economic modeling, namely, the Markovian assumption that
current health rather than previous health history determines
the unit costs for health states. It is often not clear in the
context of PD whether patients who receive less supportive
care, those who moved to less expensive home care, or those
who returned to work without delay when PD symptoms
improved are reassigned from worse to better health states.
Consideration should be given to potential cost offsets asso-
ciated with reductions in productivity loss and home care, as
these depend on the stage of disease at the time of treatment
initiation. Additionally, it is important to acknowledge that
if DBS is initiated too late in the PD disease progression, the
cost offsets would be considerably less. Therefore, careful
evaluation of the potential benefits and costs of DBS therapy,
including the potential for cost offsets, should be considered
when making decisions regarding PD treatment.

There is no clear trend suggesting that DBS is cost effec-
tive for patients with PD who do not respond well to medical
therapy. The heterogeneity of study methodologies, perspec-
tives, and outcomes in the CUAs makes it challenging to

draw definitive conclusions. As such, it is crucial to consider
the individual patient’s clinical characteristics, disease stage,
and response to medical therapy when making treatment
decisions.

4.3 Limitations and Strengths

We chose to limit our approach to a systematic review and
refrained from conducting a meta-analysis because of the
inherent challenges in meta-analyzing CUAs. Comparing
cost-effectiveness results over time and across countries is
a complex endeavor, and pooling individual ICURs often
lacks meaningful interpretation. Some proposed approaches
for a meta-analysis involve CPI conversion to the current
year and PPP conversion to USD to achieve a unified analy-
sis with INB and subsequent pooling of INB [54, 55]. How-
ever, relying solely on the CPI adjustment may be insuffi-
cient for comprehensively assessing the dynamic changes in
healthcare costs and is often subject to debate. Furthermore,
adjusting for inflation alone may be inadequate, particularly
when cost-effectiveness thresholds remain fixed over an
extended period. In the context of meta-analyses, calculat-
ing INB variance may present a challenge, given that many
CUAs provide only point estimates, with dispersion meas-
ures for incremental costs, QALYs, and ICURs frequently
absent.

Our emphasis on CUAs offers a unique perspective,
addressing existing research gaps by providing a more
interpretable and comparable measure of cost effectiveness.
Unlike previous systematic reviews, our approach facilitates
a holistic understanding of the cost-effectiveness landscape
and enables direct comparisons of the economic impact of
DBS across diverse studies and healthcare contexts. We
recommend future research to utilize lifetime horizons, for
a more comprehensive assessment, broaden the scope of
analysis to consider a wider range of economic and societal
factors, ensure internal consistency in modeling and analy-
sis methods, and maintain a high level of data transparency
to facilitate transparency and reproducibility in DBS cost-
effectiveness analyses.

5 Conclusions

While DBS has demonstrated promising results for the
management of PD, there is a need for further research
to fully understand whether it is cost effective. The cost-
effectiveness evidence for DBS in PD is context specific
and varies depending on the study perspective, costs con-
sidered, threshold utilized, and the stage of PD progression.
Moreover, there is a dearth of data from lower-income coun-
tries and lower-income to middle-income countries on the
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cost effectiveness of DBS for PD. Future research should
focus on evaluating the cost effectiveness of DBS in distinct
subgroups of patients with PD, including those with early-
stage or tremor-dominant PD, and those undergoing DBS
at different targets. Furthermore, it is crucial to standardize
approaches in CUAs, comparing DBS with other regular or
current practice treatment options for any relevant policy
translation for the clinical management of PD. It is essential
to note that the generalizability of the findings should be
considered with caution because of the inherent variabil-
ity in methodologies and healthcare contexts within health
technology assessments. Consensus on the most appropriate
methodology, perspective, and reporting guidelines would
greatly improve the comparability of study results and facili-
tate decision making for healthcare providers, policymakers,
and patients.
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