
Stereotactic
and Functional
Neurosurgery

Systematic Review

Stereotact Funct Neurosurg
DOI: 10.1159/000537865

Received: October 4, 2023
Accepted: February 13, 2024
Published online: March 21, 2024

Global Economic Evaluation of the
Reported Costs of Deep Brain
Stimulation

Anthony E. Bishaya Alexander T. Lyonsa Stefan W. Koestera

Danika L. Paulob Campbell Lilesb Robert J. Dambrinob

Michael J. Feldmanb Tyler J. Ballb Sarah K. Bickb Dario J. Englotb

Lola B. Chamblessb

aVanderbilt University School of Medicine, Nashville, TN, USA; bDepartment of Neurological Surgery, Vanderbilt
University Medical Center, Nashville, TN, USA

Keywords
Deep brain stimulation · Cost · Economic analysis · Price ·
Insurance

Abstract
Introduction: Despite the known benefits of deep brain stim-
ulation (DBS), the cost of the procedure can limit access and can
vary widely. Our aim was to conduct a systematic review of the
reported costs associated with DBS, as well as the variability in
reporting cost-associated factors to ultimately increase patient
access to this therapy. Methods: A systematic review of the lit-
erature for cost of DBS treatment was conducted in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. PubMed and Embase data-
bases were queried. Olsen & Associates (OANDA) was used to
convert all reported rates to USD. Cost was corrected for inflation
using the US Bureau of Labor Statistics Inflation Calculator, cor-
recting to April 2022. Results: Twenty-six articles on the cost of
DBS surgery from 2001 to 2021 were included. The median
number of patients across studies was 193, the mean reported
age was 60.5 ± 5.6 years, and median female prevalence was
38.9%. The inflation- and currency-adjustedmean cost of the DBS
device was USD 21,496.07 ± USD 8,944.16, the cost of surgery

alonewas USD 14,685.22 ±USD 8,479.66, the total cost of surgery
was USD 40,942.85 ± USD 17,987.43, and the total cost of
treatment until 1 year of follow-up was USD 47,632.27 ± USD
23,067.08. There were no differences in costs observed across
surgical indication or country. Conclusion: Our report describes
the large variation inDBS costs and themanner of reporting costs.
The current lack of standardization impedes productive discourse
as comparisons are hindered by both geographic and chrono-
logical variations. Emphasis should be put on standardized re-
porting and analysis of reimbursement costs to better assess the
variability of DBS-associated costs in order tomake this procedure
more cost-effective and address areas for improvement to in-
crease patient access to DBS. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Deep brain stimulation (DBS) is a surgical therapy
for movement disorders that involves implantation of
an electrode system to modulate neuronal function
and improve movement disorder symptoms [1]. Since
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its popularization in the treatment of essential tremor
(ET) in 1987 [2], DBS has revolutionized treatment for
other movement disorders such as Parkinson’s dis-
ease, ET, and dystonia [3]. DBS for other indications
such as pain, epilepsy, addiction, and psychiatric
disorders is currently under study [4]. While the ef-
fects of DBS are profound and can significantly im-
prove well-being for individuals with these conditions
[5], the cost of this treatment may be an important
consideration for patient accessibility and hospital
reimbursement.

DBS cost can include several factors, such as the initial
consultation, pre-operative testing, implants and other
materials, surgery, and post-operative care and the re-
porting of these contributary costs in the current liter-
ature is inconsistent. In light of the non-standardized
reporting of DBS cost, it appears that the cost of this
procedure varies widely both within and between
countries [6]. In the USA, the reported hospital cost of
DBS ranges from US dollars (USD) 25,651 to
USD100,041.11 and varies based on the location of the
surgery, the medical center in which it was performed,
and the insurance coverage of the patient [7, 8]. Im-
portantly, insurance coverage can vary widely, with some
policies fully covering the procedure and others covering
only some portions [9]. Along with this, insurance
coverage for DBS depends on the indication for surgery,
with some insurance agencies not covering more recently
approved indications for DBS, such as obsessive-
compulsive disorder (OCD) or epilepsy, requiring
many patients to cover the total cost of the procedure out
of pocket [10].

In this study, we report findings from a systematic
review of the published literature on costs associated
with DBS. While DBS is a highly effective treatment
for movement disorders, its cost may limit access,
especially for patients without adequate insurance
coverage [11–14]. Standardized reporting of cost el-
ements and cost-reporting frameworks may facilitate
analysis of hospital or practice cost points and the
ability to effectively tailor price to optimize national
DBS patient coverage. Our aim was to collect and
analyze the reported costs of DBS in the present lit-
erature in order to assess cost variation and cost-
reporting frameworks and better understand ways
in which DBS may be made more affordable and
accessible to patients. In doing so, a standardized
approach is proposed for breaking down and reporting
costs, emphasizing key categories such as surgical
implants/materials, pre-operative workup, and post-
operative care.

Methods

Search Criteria and Study Selection
A PRISMA-guided systematic review of the literature was per-

formed on November 2022 to investigate the costs associated with
DBS surgery [15]. The terms “deep brain stimulation” and “cost”
were utilized as search terms, with additional variation of cost-
reporting terms included. Both PubMed and Embase databases were
searched, and the complete search syntax included (“deep brain
stimulation [MeSH Terms] OR “DBS” OR “brain pacemaker” OR
“brain implant” OR “neurostimulation” OR “neuromodulation”)
AND (“costs and cost analysis” [MeSH Terms] OR “cost-benefit
analysis” [MeSH Terms] OR “health care costs” [MeSH Terms OR
“health expenditures” [MeSH Terms]). Data analysis and extraction
were performed by two independent reviewers (A.E.B. and A.T.L.),
while confirmation of article or data inclusion was settled by a third
author (S.W.K.). Studies that presented original research describing
treatment-related cost information from 1990 to present day were
considered. Letters to the editor, commentaries, and articles of
editorials were excluded from review. The PRISMA search process
included screening the title, abstract, and full-text article. Papers that
did not specifically report cost of DBS were excluded in the full-text
screening. Studies from all countries were considered; however, an
English version of the article was required in order to be included in
the final qualitative and quantitative analysis. A PRISMA flow
diagram outlining the number of papers excluded at each stage of
the review is provided in Figure 1. This study was deemed exempt
from review by the Vanderbilt University Medical Center Institu-
tional Review Board (IRB).

Inflation and Cost Adjustment
To ensure consistency, historical currency exchange rates

from Olsen & Associates (OANDA) were utilized as the pri-
mary source to convert various currencies to a common de-
nominational currency, USD [16]. To calculate the exchange
rate, we determined the average rate for the month(s), aligning
with the data collection period specified in the studies. For
instances in which the article provided native exchange rates,
those rates were used instead of OANDA-derived rates. Ad-
ditionally, the cost data were corrected for inflation using the
Producer Price Index for General Medical and Surgical Hos-
pitals over the entire year of the reported study cost year,
correcting to April 2022 [17]. This approach allowed for ac-
curate and standardized comparison of costs across different
countries and time periods.

Data Extraction
Data were extracted by the two independent reviewers (A.E.B.,

A.T.L.) into a common, secure Excel database. Qualitative mea-
sures such as demographic characteristics of the patient pop-
ulation, country of procedure, indication for DBS, single versus
multi-center study, and length of follow-up were recorded. Data
regarding the measures included in the study were collected, in-
cluding the number of stages (i.e., separate surgeries for electrode
implantation and generator installment), pre- or post-operative
imaging, battery replacement, replacement surgery, complications,
intraoperative testing, manufacturing company of the electrode,
and single- or dual-channel electrodes. Costs were separated into
one of four categories: DBS device cost, the cost of DBS surgery,
total cost of surgery, and total cost of treatment. TheDBS device cost
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was defined as the cost of the electrode, lead, and IPG only. The cost
of DBS surgery was defined as the costs associated with surgery
(from initial hospital visit to discharge), not including the cost of the
DBS device. The total cost of surgery was defined as the cost of
surgery and the cost of the device. Finally, the total cost of treatment
was defined as the costs incurred for all components of DBS care up
to 1 year of follow-up, including clinic appointments, pre- and post-
operative imaging, complications, and drug costs. Although some
studies reported costs up to 20 years of follow-up, our analysis was
limited to costs up to 1 year. Due to the variation in total cost
reporting, study characteristics and a breakdown of included costs
for each study are provided in Tables 1 and 2, respectively.

Statistical Analysis
Statistical analyses of quantitative measures of DBS costs were

performed using R, version 4.0.1 (R Foundation for Statistical
Computing). Data are presented as the percentage, mean, and
standard deviation of inflation-corrected cost. A two-sample in-
dependent t test was used to compare the mean costs between US
and non-US studies, as well as PD and non-PD studies. The as-
sumption of unequal variances was tested using Levene’s test. If the
assumption of equal variances was violated, the independent t test
with the Welch correction was used. A one-way ANOVA was
employed to detect any differences in costs across all countries or
indications. Similarly, an independent-samples t test (cost of DBS

Fig. 1. PRISMA flow diagram outlining the steps taken during study selection, inclusion, and exclusion.
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device and surgery) and one-way ANOVA (total cost of treatment)
were used to compare studies across their level of inclusivity. A
univariate regression model was used to assess the predictive value
of year of cost on total cost of surgery and total cost of treatment.
The significance level was set at α = 0.05.

Results

Article Characteristics
From 2,464 initial studies, 26 articles [7, 8, 18–41] were

included (Fig. 1), spanning years 2001 to 2021. No studies
were excluded because of non-English language. Articles
were included from 9 different countries: 10 (38.5%) from
USA, 3 (11.5%) from UK, 3 (11.5%) from Japan, 3
(11.5%) from Germany, 3 (11.5%) from Spain, 2 (7.7%)
from China, 1 (3.8%) from Canada. The risk of bias
assessment (RBA), as described in online supplementary
Table 1 (for all online suppl. material, see https://doi.org/
10.1159/000537865), was used to establish transparency
in results and findings. Scores ranged from 1 to 5, with a
score of 1 indicating minimal bias and a score of 5 in-
dicating maximal bias. Eleven (42.3%) studies had an
RBA of 1, 2 (7.7%) studies had an RBA of 2, 8 (30.8%)
studies had an RBA of 3, and 5 (19.2%) studies had an
RBA of 4.

Among the 26 papers, six studies (23.1%) performed
simple cost reporting, 5 (19.2%) performed a cost anal-
ysis, four (15.4%) performed a quality-adjusted life year
assessment, four (15.4%) performed a cost-effectiveness
analysis, three (11.5%) studies used a Markov simulation,
two (7.7%) performed a cost-utility analysis, and two
(7.7%) performed a cost-minimization analysis.

The median number of patients across studies was 193
patients (IQR 1st–3rd: 36–1,348.5). The mean reported
age of study participants was 60.5 ± 5.6 years. The median
female prevalence was 38.9% across all studies.

Electrode Characteristics
Electrode manufacturer information was included in

only 11 (42.3%) studies. Of those studies, all included
Medtronic electrodes. One study also reported using
Boston Scientific and St. Jude (now Abbott Laboratories)
electrodes. A total of 9 (34.6%) studies reported infor-
mation regarding whether rechargeable or non-
rechargeable implantable pulse generators (IPGs) were
used. Two (7.7%) studies used rechargeable IPGs, 6
(23.1%) used non-rechargeable IPGs, 1 (3.8%) study used
both rechargeable and non-rechargeable IPGs, while 17
(65.4%) studies did not specify. None of the studies used
only single-channel systems, 4 (15.4%) studies used dual-

channel systems, 2 (7.7%) studies used both single- and
dual-channel systems, and 20 (76.9%) studies did not
specify whether single- or dual-channel systems were
used. Two (7.7%) studies performed only unilateral DBS
implantation, 11 (42.3%) studies performed only bilat-
eral, 2 (7.7%) studies included both, and 11 (42.3%) did
not report whether a unilateral or bilateral procedure was
performed.

DBS Surgery and Treatment Costs
DBS-related costs were extracted from all 26 included

articles. Seven studies (26.9%) were single center, while 19
(73.1%) studies were multi-center. Nineteen (73.1%)
studies included DBS for patients with Parkinson’s dis-
ease, five (19.2%) for tremor, three (11.5%) for dystonia,
two (7.7%) for OCD, and one (3.8%) study for obesity.
Multiple studies included more than one indication for
DBS (Table 1). Pre-operative and post-operative imaging
was included in cost by 14 studies (53.8%), battery re-
placement costs were included by 14 studies (53.8%), and
costs of revision surgery were included by six stud-
ies (23.1%).

Fig. 2. Cost components of DBS surgery. Cost of DBS device,
surgery, total cost of surgery, and total cost of treatment.
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Costs associated with complications were included by
19 studies (73.1%), and five studies (19.2%) included costs
of intraoperative testing. One (3.8%) study specified that
the procedure was performed under general anesthesia, 1
(3.8%) study reported that it was performed under local
anesthesia, 3 (11.5%) studies used both local and general
anesthesia, and 21 (80.8%) studies did not specify
whether the procedure was performed under local or
general anesthesia. The inflation- and currency-adjusted
mean cost of the DBS device was USD 21,496.07 ± USD
8,944.16, the cost of surgery alone was USD 14,685.22 ±
USD 8,479.66, the total cost of surgery was USD
40,942.85 ± USD 17,987.43, and the total cost of treat-
ment until 1 year of follow-up was USD 47,632.27 ± USD
23,067.08 (Fig. 2).

Cost of Surgery and Treatment by Indication
For those studies that reported PD-indicated costs

(n = 14), the mean total cost of surgery was USD
43,729.38 ± USD 20,422.43 and the mean total cost of
treatment was USD 49,993.18 ± USD 24,947.23. For
non-PD-indicated costs, the mean total cost of surgery
was USD 34,440.96 ± USD 8,521.37 and the mean total
cost of treatment was USD 42,123.50 ± USD 18,755.61.
The mean total cost of surgery (t = 1.062; p = 0.302) and
total cost of treatment (t = 0.689, p = 0.499) were similar
between PD and non-PD indications. The total cost of
surgery [F(6, 19) = 0.648, p = 0.691] and total cost of
treatment [F(6, 19) = 0.581, p = 0.739] were similar
across all indications. Mean costs by indication are
provided in Figure 3.

Cost of Surgery and Treatment by Country
The mean cost of DBS device and surgery for US

studies was USD 53,266.26 ± USD 21,455.74, while DBS
device and surgery outside the USA had a mean cost of
USD 36,835.05 ± USD 15,342.02. Mean cost of total
treatment for US studies was USD 62,457.73 ± USD
32,569.73, while mean cost of non-US studies was USD
42,690.46 ± USD 17,716.48. The mean total cost of
surgery (t = 0.236; p = 0.076) and total cost of treatment
(t = 1.747; p = 0.098) were similar between US and non-
US studies. Mean total cost of surgery [F(7, 19) = 1.688,
p = 0.203] and mean total cost of treatment [F(7, 19) =
1.134, p = 0.404] were also similar across all countries.
Mean costs by country are provided in Figure 4.

Cost of Surgery and Treatment by Year
Across all studies, there was no association between

year and total cost of surgery (β = −0.192, p = 0.418) or
total cost of treatment (β = −0.314, p = 0.177) on uni-
variate regression (Table 3). For US studies, the year of
cost was not associated with the total cost of surgery
(β = −0.621, p = 0.264), but was significantly associated
with the cost of total treatment (β = −0.895, p = 0.040),
such that the total cost of treatment decreased over time
(Table 3). A representative graph of cost trend over time
is provided in Figure 5.

Cost of Surgery and Treatment by Level of Inclusion
Sources of cost varied and are reported in online

supplementary Table 2. Studies that reported total cost
(n = 20) were grouped based on their extent of detailed

Fig. 3. Total cost of surgery and treatment
by indication. ET, essential tremor; OCD,
obsessive-compulsive disorder; MS, multi-
ple sclerosis.
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data into highest detail (HD) (n = 8, 40.0%), low detail
(LD) (n = 8, 40.0%), and no detail (ND) (n = 4, 20.0%).
The mean cost of the device and surgery was USD
30,341.12 ± USD 13,654.66 for the HD group and USD
40,903.47 ± USD 15,803.78 for the LD group (t = −1.374,
p = 0.193) (Fig. 6). No studies in the ND group included
the cost of the device and surgery. The total cost of
treatment in the HD group was USD 40,877.27 ± USD
19,965.07, in the LD group was USD 43,168.54 ± USD
15,537.75, and in the ND group was USD 70,069.76 ±
USD 32,100.50 (Fig. 6). There were no differences in the
total cost of treatment [F(2, 19) = 2.849, p = 0.086] across
studies based on their level of inclusivity (Fig. 6).

Discussion

This report includes an in-depth analysis detailing the
costs associated with DBS for treatment of Parkinson’s
disease, ET, dystonia, general movement disorders,

obesity, and OCD based on the current published lit-
erature. The inflation- and currency-adjusted median
cost of total DBS treatment worldwide was USD
47,632.27 with a staggering price range from USD
6,582.67 (Japan) to USD 100,041.1 (USA). This reported
price variability can be attributed to a variety of factors
including different cost-reporting frameworks, in-
clusivity of reporting, device cost, the country and
healthcare system within which DBS is performed, and
insurance coverage. Though non-significant, large var-
iations in reported total cost of treatment exist across
surgical indications for DBS. Understanding current
cost-reporting methods for DBS is a first step toward
creating a standardized framework for reporting cost,
with focus on elements that are most variable and
subject to change, in an effort to make the procedure
more cost-effective and widely accessible to more pa-
tients. As the field currently stands regarding cost re-
porting, there are several major hurdles, which must be
overcome to facilitate productive discourse.

Fig. 4. Total cost of surgery and treatment by country.
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Variability across Countries
DBS cost data from a total of nine countries were in-

cluded in this analysis. The diversity of countries included
provides a broad perspective on the cost of DBS globally as
can be seen in Figure 4. Although DBS cost was not
statistically different across countries, there was notable
international variability in cost, with Japan and Canada
displaying the lowest costs and the USA demonstrating the
highest. Economic disparities between countries impact
the patient population capable of accessing and under-
going DBS surgery. Countries with higher per capita in-

come tend to have higher costs for medical procedures,
and, conversely, countries with lower per capita income
may have lower costs due to differences in labor and
overhead expenses. This is seen in the dramatic dif-
ferences in cost of medications and medical devices
across countries [42]. Additionally, there exists great
variability centered around differences within the
healthcare system itself such as models of billing, in-
surance reimbursement, administrative costs, physician
compensation, and available facilities [43]. The USA has
a reported median DBS total cost of treatment USD
19,767.27 greater than other countries, a discrepancy
that aligns with the well-documented pattern of higher
healthcare costs in the USA. Nevertheless, this ob-
served variation accentuates an important area for

Table 3. Univariable linear regression
predicting costs by country Adjusted R2 B SE β t p value

Total cost of surgery – all countries
Year −0.017 −531.16 640.11 −0.192 −0.830 0.418

Total cost of surgery – USA
Year 0.385 −1,774.24 1,293.72 −0.621 −1.371 0.264

Total cost of treatment – all countries
Year 0.049 −1,262.83 899.39 −0.314 −1.404 0.177

Total cost of treatment – USA
Year 0.734 −6,319.99 1,820.49 −0.895 −3.472 0.040

Fig. 5. Total cost of surgery and treatment by year. a Total cost of
surgery and treatment for all studies. b Total cost of surgery and
treatment for US studies.

Fig. 6. Total cost of surgery and treatment by level of detailed data.
HD, highest detail; LD, low detail; ND, no detail.
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improvement in removing inefficiencies and exploring
avenues for cost reduction of DBS, especially in the USA.

The majority of the included studies originated in the
USA, which corroborates the literature on the nation with
the highest DBS publication frequency [44]. Factors for
this could be several fold. First, the USA performs a large
share of the global DBS surgeries, which may lend itself
increased publication frequency [4]. The apparent bias for
research from the USA could also stem from higher
publication rates in the USA compared to other countries
where DBS is also commonly performed [45]. The median
number of patients across studies was 193, with a mean
reported age of 60.5 years and 38.9% female makeup,
which is comparable to the typical US demographic treated
with DBS [46]. The demographic factors of DBS patients
are important determinants in the overall cost-
effectiveness of DBS. Policy-makers, healthcare systems,

and health insurance agencies put great emphasis on the
cost-effectiveness of DBS given the anticipated accessibility
and long-term viability of the procedure [47, 48].

Variability in Total Cost Reporting
The majority of studies (80%) had an RBA score equal

to or less than 3, indicating that these studies were either
single- or multi-center studies that included a cost
breakdown, and were adjusted for inflation. Despite the
variety of economic evaluations used, the current analysis
solely included cost data reported by these studies. Un-
fortunately, the quality of cost data was dependent on
collection and reporting methods, with some studies
performing a top-down approach (estimating costs based
on national averages), while others use a bottom-up
approach (calculating costs by combining costs of indi-
vidual components of care, such as medication, staff time,

Table 4. Proposed cost-reporting framework

Cost of device DBS device Hardware cost of the DBS device itself

Lead wires Cost of the electrodes that connect the DBS device to the brain

Battery replacement Cost of replacement batteries for the DBS device (if applicable)

Cost of surgery Pre-operative assessment Neurological and medical evaluations before surgery. Imaging studies (MRI,
CT scans)

Surgical team fees Surgeon, anesthesia, or neurologist fees

Hospitalization costs Room charges, nursing care, operating room charges, intensive care unit
(ICU) charges (if applicable)

Medical supplies Surgical instruments and supplies

Medications Cost of medications administered during and after surgery

Post-operative imaging Follow-up imaging studies to assess the placement and effectiveness of the
DBS device

Rehabilitation therapy Physical therapy or occupational therapy if required

Complications Additional costs associated with managing potential complications,
emergency room visits

Cost of
treatment

Programming system Cost of the equipment and software used for programming and adjusting
the DBS settings

Medications Cost of medications prescribed for PD or ET management, adjustments to
medication dosages

Follow-up appointments Neurologist visits, programming sessions for DBS adjustments

Imaging studies Follow-up imaging studies to monitor the progression of the disease and
assess the DBS device

Physical therapy/occupational
therapy

Continued rehabilitation therapy sessions

Complications management Costs associated with managing any complications that arise post-surgery

Psychological support Counseling or psychological support if required for the patient and their
family
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and diagnostic tests). Importantly, many studies utilized
costs directly obtained from their own institution, al-
lowing for a more accurate and localized cost estimate, as
opposed to estimating by national averages, which may
inflate the reported cost variability. Studies showed large
discrepancies of reported expenditures with inclusion of
pre-operative and post-operative imaging in 53.8% of
studies, post-operative maintenance/programming in
73.1% of studies, battery replacement in 53.8% of studies,
and costs of revision surgery in 23.1% of studies. The lack
of specified cost breakdowns was a large barrier in our
ability to compare costs directly and points to the im-
portance of a more standardized method of reporting
costs. The current cost-reporting frameworks are non-
standardized, which lends to great variation in reported
numbers even within respective cost categories. This
was particularly salient when assessing surgical costs. A
potential cost-reporting framework is provided in
Table 4.

Contributing Factors of Outliers
In scrutinizing the aggregate treatment costs docu-

mented in various papers, a discernible pattern emerges,
with the majority converging closely around the median.
Noteworthy outliers, namely, Lad et al. [8], Sharma et al.
[33], and Youngerman et al. [40], report conspicuously
elevated costs, all drawing on data from the HCUP-NIS
database. This clustering suggests a potential bias in-
herent within this data source, which may include more
comprehensive costs that are omitted in other studies. It
is important to acknowledge that the data acquisition for
these three studies predates the 2012 NIS redesign, which
worked to make prices lower, potentially driving the
observed escalation in costs within the USA. Conversely,
Akazawa et al. [18] report the most modest cost, a metric
significantly shaped by the presence of universal health
coverage in Japan. Kawamoto et al. [25], also situated in
Japan, report a relatively low cost, albeit not as pronounced.
The variance between these studies may be attributed to the
cost of the device, with Kawamoto et al. [25] reporting a
device cost more than that of Akazawa et al. [18] by USD
11,320.52. Despite these intricacies, Akazawa et al. [18]
provides substantive insights into the overarching vari-
ability of DBS costs based on country and serves as a
potential model to optimize cost efficiency for DBS.

Bundling Procedures and Cost Reporting
One important consideration for the cost of DBS is

that multiple stages of the procedure, including pre-
operative evaluation, surgery, post-operative monitor-
ing, and programming, are often bundled together into

one cost in terms of hospital billing. Bundling services
may obscure the true costs of individual stages of the DBS
procedure due to cost averaging and a lack of cost
evaluation and reporting [49], making it difficult to
identify areas where cost reductions could be made or
opportunities to standardize cost reporting and make
bundling more efficient [50]. Bundling has the potential
to create a conflict of interest for healthcare adminis-
trators, who may prioritize cost savings over optimal care
[51]. However, cost bundling can also yield a more
predictable cost schema for the patient as they are offered
one fixed price for the entire procedure and related care
[52]. Bundling may also incentivize healthcare admin-
istrators to be more efficient and coordinated [51]. From
a cost analysis perspective, it may simplify comparisons
across administrators or hospitals as they are using a
standardized pricing model. However, many studies in-
cluded in our report used de-bundled costs and did not
have a standardized method of reporting these costs. It is
important to note that the studies included in our report
did not compare the cost of DBS to the reimbursement
received; therefore, an assessment of the true profitability
of DBS is difficult to ascertain. However, DBS was
deemed cost-effective in comparison to best medical
therapies, supporting its value from a patient-centered
cost analysis perspective [53, 54].

Improving the Cost-Effectiveness of DBS
Avansino et al. [55] previously reported that variations

in procedure-related cost exist based on variable opera-
tive equipment andmaterials, with standardization of this
equipment resulting in significant cost reductions with-
out impacting quality or delivery of care. Interestingly,
the current study exhibits homogeneity in DBS devices
used, as all studies utilized Medtronic electrodes, though
the cost of the device still varied between studies. This
trend was observed both between and within countries,
indicating a lack of consistency in market value of the
technology or transparency in negotiated prices. Fur-
thermore, intraoperative differences in cost were difficult
to identify due to partial lack of itemized reporting,
though factors such as imaging, anesthesia, and testing all
likely contributed to variations in cost and are all areas of
target to improve the cost-effectiveness of DBS.

Beyond the operating room, other systemic ineffi-
ciencies could also be targeted to improve cost effec-
tiveness, ultimately benefiting patients. Analysis of
follow-up length showed great heterogeneity between
studies, with the follow-up interval extending from as
short as 1 month to 20 years. As many of the studies used
projections to estimate follow-up costs, these projected

Deep Brain Stimulation Cost Review Stereotact Funct Neurosurg
DOI: 10.1159/000537865

13

D
ow

nloaded from
 http://karger.com

/sfn/article-pdf/doi/10.1159/000537865/4181900/000537865.pdf by guest on 25 April 2024

https://doi.org/10.1159/000537865


follow-up costs were omitted from our analysis and only
charges procured from billing records were included.
Nevertheless, understanding the long-term economic
burden of DBS is imperative and should continue to be
pursued in future studies. Since optimal electrode set-
tings may be found after several iterations of trials and
often require adjustments [56], many clinic visits may be
necessary, each with additional cost. Streamlined pro-
gramming could eliminate redundant visits and decrease
overall costs associated with post-operative DBS care,
resulting in a more patient-centered approach. Impor-
tantly, more standardized cost reporting will lend itself
to accurate interpretation of the impact of certain
variables such as device programing and length of
follow-up, in order to more accurately determine
methods of cost improvement. Furthermore, decisions
regarding resource allocation could be informed by a
better understanding of individual components of
multidisciplinary DBS care. Standardized cost reporting
can additionally pave the way toward greater trans-
parency and shed light on broader systemic areas for
improvement in the interest of patient-centered care. With
improved cost reporting and analysis, hospitals will gain a
more comprehensive perspective of expenses related to DBS,
allowing them to better negotiate reimbursement rates. In-
surance companies will be able to track costs more directly
and could reimburse cost more accurately for procedures.
Through identification and elimination of inefficiencies,
DBS-related costs can be further modified with the goal of
maximizing procedure reimbursement for hospital systems
and minimizing patient-facing costs. As cost reporting is
standardized, data can be more easily compared across
organizations, offering the possibility for broader systemic
areas of improvement.

Limitations
There are several limitations to our study. First, despite

converting currency and controlling for inflation, the cost
of medical treatment has changed significantly over the
last two decades. As a result, comparing older studies to
newer ones poses an inevitable challenge in that inflation
over time may not be properly estimated, potentially
falsely elevating cost variability. Second, though our study
observed a decrease in total cost of treatment in the USA
over time, these results should be interpreted cautiously
as high initial costs may likely be due to data collection
sources presenting inflated costs. Importantly, extensive
variation in currency conversion rate exists over time.
Though attempts to mitigate these discrepancies were
implemented, it is possible that fluctuations in the global
market limited the accuracy of the data. Conversion rates

provided in individual studies were used whenever
available. When absent, the month(s) of data collection
reported in the studies were the basis for currency
conversion. Even with these precautions, it is likely that
some variation in currency exchange rates could not be
fully accounted for. Another limitation was the difficulty
in identifying the specific domains or subcategories
primarily responsible for this difference, due to the
manner in which the data were reported. Similarly, some
costs were not reported directly from the institution.
Consequently, some studies likely included factors in
their overall expenditure that were not accounted for by
other researchers. Without a detailed cost analysis, it can
be difficult to identify what exactly comprised each set of
costs. This was further confounded by the variability in
follow-up periods and associated costs. Ideally, the cost of
a procedure should be calculated over the course of a
lifetime; however, due to the limited research regarding
long-term costs of DBS, efforts were focused on the first
year of treatment. Finally, variations in cost due to the
battery type (rechargeable vs. non-rechargeable) are in-
variably present. However, only two studies confirmed
using rechargeable batteries, resulting in a sample size too
small to draw significant conclusions. As reporting be-
comes more standardized, future studies should inves-
tigate cost differences arising from the specific
battery used.

Future Direction
Not only does this work highlight the large variation

in reported DBS cost but also the inconsistent manner
in which the many factors contributing to DBS cost are
reported. Future efforts should be applied to stan-
dardize the reporting of cost for DBS procedures and
supplies, with subcategories of cost reporting as sug-
gested in the framework described (Table 4). This
groundwork would allow more efficacious analysis of
quality-of-life improvement controlled for standard-
ized cost. Due to the limited quantity of data from
individual countries, we were unable to provide a more
granular analysis of DBS costs by country. With an
expanded data set, work could be done to examine
discrepancies of cost between more nations than were
included in this analysis. While we focused primarily
on the overall cost of DBS, we reported no information
on reimbursement. Considering that reimbursement is
the primary determining driver of cost-effectiveness
decision-making, more attention should be directed to
this aspect of the financial model. Reimbursement
likely varies based on the indication for DBS such as
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PD, tremor, dystonia, and psychiatric disorders. More
effort could be directed toward comparing the cost-
effectiveness of DBS and its reimbursements for these
different conditions.

Conclusion

Our findings highlight the substantial variation in
costs associated with DBS, as well as the diverse ways
in which these costs are reported. With such large
differences in reporting, it is difficult to compare the
true expenses of DBS as it fluctuates both geograph-
ically and chronologically. This lack of transparency
must be demystified to make effective comparison of
DBS cost more attainable. By reporting various cost
elements and employing effective cost-reporting
frameworks, healthcare providers can gain a better
understanding of the specific cost factors involved in
DBS treatment in an effort to optimize national DBS
accessibility and cost transparency. DBS studies have
sought to make cost comparative studies with heter-
ogenous reporting and results. While the results
demonstrate a general range of costs for key procedure
and hospital stay elements, future research is needed
to elucidate how to consider and configure costing in a
uniform fashion.
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