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LAY ABSTRACT 
 
Movement disorders are progressive, debilitating neurologic conditions that severely impact the 

quality, speed and fluency of movement as a result of basal ganglia dysfunction. Medical 

therapies remain the mainstay of treatment, however high quality evidence supports the use of 

deep brain stimulation (DBS) to relieve these symptoms in well-selected patients. Given the 

upfront cost of surgery associated with DBS, and the comprehensive evaluations at tertiary care 

centres (including a multidisciplinary team with neurologists, neurosurgeons, 

neuropsychologists, psychiatrists, and electrophysiologists), this is a limited resource, 

particularly in overburdened publicly funded healthcare systems.  

 

There have been no previous attempts to comprehensively analyze access to DBS in Canada’s 

public healthcare system through investigation of need for these services, matched access, and 

investigation of barriers to access. 

 

This thesis comprises 5 chapters that inform this knowledge gap through the quadruple aim of 

health service research (patient perspective, health care provider perspective, cost, and 

population level data), aiming for equitable access to care in Canada.  

 

Chapter 1 is an introduction providing the rationale for conducting each of the included studies.  

 

Chapter 2 reports on an evaluation of cost, titled Economic Evaluations Comparing Deep Brain 

Stimulation to Best Medical Therapy for Movement Disorders: A Meta-Analysis. 
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Chapter 3 presents an evaluation of healthcare provider and patient perspective, titled Mixed 

Methods Survey of Stakeholders to Identify Barriers to Accessing Deep Brain Stimulation for 

Movement Disorders in Canada. 

 

Chapter 4 is a retrospective cohort study providing population level data assessing patients who 

have received DBS in Canada, titled Canadian Access to Deep Brain Stimulation for Movement 

Disorders: A Nationwide Retrospective Study. 

 

Finally, Chapter 5 discusses the conclusion, limitations, and implications of the research 

presented in this PhD thesis.  
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ABSTRACT 
 
BACKGROUND: 

The Canadian healthcare system is subject to national standards that may be challenging to meet, 

given the evolution and integration of technology in healthcare in disciplines like functional 

neurosurgery, utilizing therapies such as deep brain stimulation (DBS), whereby implanted 

devices have provided benefit for patients with movement disorders. A comprehensive 

assessment of the need for this service to match with the delivery of DBS has not been 

performed.  

 

This thesis comprises a series of studies that aim to address this knowledge gap through the 

quadruple aim of health service research.  

 

METHODS: 

The first study is a systematic review and meta-analysis including economic evaluations 

comparing DBS for movement disorders with medical management only.  

The second is a mixed methods survey of Canadian stakeholders for DBS.  

The final study is a nationwide retrospective cohort study of DBS patients from 2019-2022 to 

determine factors that may influence access. 

 

RESULTS: 

Through analysis of 14 economic evaluations, DBS appears to be a cost-effective treatment when 

considered across the remaining lifespan of the patient with positive incremental net benefit for 

DBS with a mean difference of 40,504.81USD (95% CI 2,422.42; 78,587.19). 
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Additionally, 220 responses from all DBS stakeholder groups revealed that costs associated with 

travel, waitlists, lack of specific resources, poor understanding of movement disorders and DBS 

indications, and referral pathways were barriers to accessing DBS.  

Finally, preliminary results identified 162 DBS patients. Potential factors that may increase 

access to DBS were indication (Parkinson’s disease), higher socioeconomic status, and race.  

 

CONCLUSIONS: 

While DBS is a cost-effective therapy for patients with movement disorders, the current delivery 

of this service needs significant improvement. This includes improved education, streamlined 

referral pathways, and policy change at a governmental level, with further investigation to 

determine regions of the country where need for DBS far exceeds current access.  
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PREFACE 
 
The work in this dissertation is presented as a “sandwich thesis” that includes three manuscripts 

which have been published, accepted for publication, or prepared for submission. The 

manuscript in Chapter 2, Economic evaluations comparing deep brain stimulation to best 

medical therapy for movement disorders: A meta-analysis, was accepted for publication on 

August 28, 2023 to Pharmacoeconomics. The manuscript in Chapter 3, Mixed methods survey to 

identify barriers to accessing deep brain stimulation for movement disorders in Canada was 

submitted for publication on April 11, 2024 to The Canadian Journal of Neurological Sciences. 

The manuscript in Chapter 4, Canadian Access to Deep Brain Stimulation for Movement 

Disorders: A Nationwide Retrospective Study represents preliminary analyses for a multicentre 

retrospective cohort study in preparation for publication to The Canadian Journal of Neurological 

Sciences.  

 

The systematic review and meta-analysis presented in Chapter 2 was completed under the 

supervision of Dr. Sunjay Sharma. I conceived of the idea for the study, developed the protocol 

and received feedback from the co-authors. I screened and abstracted data from studies along 

with a research team. I analysed the data and wrote the systematic review manuscript. I 

incorporated comments from co-authors and submitted the manuscript for publication. I 

responded to reviewer comments. I conceived of and conducted the work in Chapter 3 under the 

supervision of Dr. Sunjay Sharma and with the clinical and methodological input of an expert 

panel. I completed data analysis, drafted the manuscripts, incorporated feedback from the co-

authors, and submitted the manuscript for publication. Chapter 4 is a multicentre retrospective 

cohort study being conducted under the supervision of Dr. Sunjay Sharma. I conceived of the 
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idea for the study, arranged collaboration with included sites, completed preliminary analyses, 

drafted the manuscript and incorporated feedback from co-authors.  

 

The mixed methods survey presented in Chapter 3 in this dissertation was funded by the 

Regional Medical Associates of Hamilton. 
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CHAPTER 1: Introduction 
1.1 Background 

The Canadian healthcare system is a collection of provincial and territorial insurance plans 

subject to national standards set out by The Canada Health Act, established in 1984. These 

principles include comprehensiveness, public administration, accessibility, universality, and 

portability (1). While each of these stipulations are challenging to meet, access to care is 

particularly challenging in the Canadian context.  

 

Access to healthcare is defined with respect to access to a service, provider, or institution, and 

therefore the ease with which individuals are able to utilize appropriate services in proportion to 

their needs (2,3). Equitable access to care is challenging in Canada, due to the unique geography 

of the country and its sparse population distribution. As a result, many Canadians in isolated 

regions of the country remain underserviced (4,5). As the complexity of healthcare delivery has 

evolved, concerns have grown about accessibility to critical healthcare services, particularly 

those requiring significant technological investment (6). Integration of technology in healthcare 

requires significant financial cost and expertise, limiting the ability of the Canadian healthcare 

system to provide such services in a widespread fashion. As such, these services are frequently 

centralized to larger centres in urban settings.  

 

One example of the interface of medicine and technology is functional neurosurgery. A 

subspecialty of neurosurgery, its focus involves procedures to alleviate symptoms of a number of 

central nervous system disorders, and ultimately improve quality of life, through modulation of 

neurological circuits to modify the function of the nervous system. Procedures performed within 

the domain of functional neurosurgery involve the use of neurostimulators, ablative procedures, 
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intracranial monitoring, and implanted devices. While a number of central nervous system 

disorders can be treated within the domain of functional neurosurgery, movement disorders have 

remained a significant focus for therapies.  

 

Movement disorders are a group of neurologic conditions that affect the speed, fluency, quality, 

and ease of movement (7). Examples of movement disorders commonly treated with functional 

neurosurgical procedures include Parkinson’s disease, essential tremor, and dystonia. Deep brain 

stimulation (DBS) is a common therapeutic intervention with proven effectiveness. This surgical 

approach involves the surgical placement of microelectrodes deep within the brain to target 

specific nuclei associated with control of movement. Target sites commonly utilized for DBS 

include the ventral intermediate nucleus of the thalamus, globus pallidus internus, and 

subthalamic nucleus. Once leads are placed, high frequency electrical stimulation exerts 

functional deafferentation of the target structure that modulates cortical activity and influences 

involuntary aspects of movement and muscle tone, thereby improving efficiency of movement 

(7). This therapy has been effective in improving function for patients with movement disorders, 

reducing dependency on medications, and allows patients to avoid ablative surgical intervention.  

 

Unfortunately, given the degree of expertise, specialized surgical equipment and staff including 

electrophysiologists, and cost of implantable devices, this treatment is only offered at a small 

number of large academic centres in Canada. Additionally, patient selection is a key factor in 

determining effectiveness of this therapy. As such, a rigorous assessment for candidacy is 

required, with experts in a number of disciplines. Movement disorder neurologists thoroughly 

assess patients symptoms and disease severity to determine the likelihood of success with DBS, 
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and optimize medical therapy. Comprehensive neuropsychological evaluation is required, as 

decline in cognitive functioning may occur in poorly selected patients that undergo DBS. 

Examples include impulsive behaviour, worsened speech articulation, and changes in mood (8–

12), as well as speech fluency (13–29), and global cognitive deterioration (30,31). Medical 

optimization of comorbidities, concerns with neuroanaesthesia, physiotherapy, occupational 

therapy, and social work assessments are also utilized. These experts, along with functional 

neurosurgeons, review potential candidates as a multidisciplinary team. The specialized nature of 

such multidisciplinary teams further contributes to the centralization of this service to large 

academic centres in urban areas.  

 

As the field of functional neurosurgery continues evolve and the population in Canada ages, it is 

essential to provide equitable access to DBS, a service that can profoundly improve quality of 

life for patients. Currently, gaps remain in our understanding of the prevalence of disease, burden 

of disability, access to care, or opportunities for alleviating suffering and reducing health care 

costs associated with conditions amenable to functional neurosurgical intervention. 

 

Previously identified barriers to DBS for movement disorder indications include race (32–40), 

gender (33,35,38–41), socioeconomic status/insurance status (32,33,35,38,39,42,43), lack of 

referrals to tertiary centers/movement disorder clinics (44,45), and geographical distance from 

tertiary centers (46–49). The majority of studies have been conducted in the United States, 

however Honey et al provided a national snapshot of the geographic distribution of DBS services 

in Canada, revealing a clear disparity between provinces in terms of access (i.e. excellent access 

in Saskatchewan with extremely poor access in Newfoundland and Labrador). What this study 
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did not investigate was the patient need for these services to determine equitable access (50), 

Pooja et al investigated the demographics of patients treated with DBS in Edmonton, revealing 

that significant disparities in access exist based on gender and ethnicity (40), and Crispo et al 

completed a retrospective cohort study utilizing ICES data in Ontario, revealing that of 46,237 

individuals with Parkinson’s Disease, only 1.2% went on to receive DBS. They also highlighted 

that Northern Ontario residents were more likely than their Southern counterparts to receive DBS 

(AOR 2.23, 95%CI 1.15-4.34), and that neighbourhoods with the highest number of visible 

minorities were less likely to receive DBS, and that regular neurologist care, and use of multiple 

Parkinson’s medications were positively associated with DBS (48). Again, this study did not 

investigate the need for this service. For example, they reported the proportion of patients going 

on to receive DBS without defining what an expected number should be.  

 

There have been no previous attempts to comprehensively analyze access to DBS in Canada, 

through investigation of need for these services, matched access, and investigation of barriers for 

practitioners; the proposed study attempts to fill that gap in the literature. This study aims to 

thoroughly assess DBS across Canada to improve access through the Quadruple Aim of health 

service research, with the goal to achieve equitable access to DBS in Canada.  

 

The ‘Quadruple Aim’ is an internationally-recognized framework focused on the design and 

delivery of an effective healthcare system. The four objectives of the Quadruple Aim are to 

improve the patient and caregiver experience, improve the health of populations, reduce the per 

capita cost of healthcare, and improve the work life of healthcare providers (51–54). Not only 

does this framework place focus on effectiveness of health systems, but equity of health services 



Ph.D. Thesis – M. Lannon; McMaster University – Health Research Methodology 

 5 

(53). Through the lens of this framework, the current study aims to comprehensively analyze the 

need for DBS across Canada and determine if this need is being met through current access. 

Additionally, it aims to identify barriers to efficient access and means to address gaps in access 

to provide equitable access to this service for patients that may benefit from DBS. As such, the 

study seeks to assess DBS in Canada from the perspective of cost, population level data, patient 

and caregiver perspectives, and healthcare provider perspectives.  

 

1.2 Cost 

With advancing biomedical technology and an aging population, the Canadian healthcare system 

is faced with increasing demand in terms of financial cost, provincial healthcare programs have 

limited budgets with which to provide necessary services. Therefore, it is critical in health 

service research to determine the best use of these limited available funds to provide healthcare 

and promote health and wellbeing for the greatest number of Canadians. The underlying 

principle is maximizing value for money through allocative efficiency (i.e. setting priorities with 

the greatest impact).  

 

Economic evaluations compare costs and effectiveness between therapeutic options, and provide 

critical insight for resource allocation, particularly within publicly funded healthcare systems. 

Full economic evaluations consider the health benefits of treatments under investigation, often 

measured in quality of life years (QALY) gained by a given therapy. QALY is a metric that 

measures both quality and quantity of life, and is accepted to include a number of domains of 

well-being, including activities of daily living, principal activities, health, outlook, support, and 

are generally patient reported. Cost per gain in QALY is used to compare therapies, with the 
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assumption tied to allocative efficiency that payers desire for their financial contributions to be 

put to work in maximizing health gain. If a treatment produces low levels of cost-effectiveness 

(i.e. high cost per QALY gained), a provider would not be allocatively efficient, as that financial 

resource could be better utilized elsewhere to achieve higher potential health gain. Cost-

effectiveness analyses are particularly useful for the investigation of surgical interventions, 

which carry a significant up front cost and therefore are scrutinized by payers for the expense 

associated with surgery compared to medical therapy alone in cost analyses. Providing the 

context of cost-effectiveness over the duration of therapy (typically costs amortized over the 

remaining lifespan of the patient) can demonstrate the cost savings of such expensive 

interventions.  

 

A number of economic evaluations have been conducted to determine the cost-effectiveness of 

DBS compared with best medical therapy alone, with previous systematic reviews summarizing 

available evidence for the use of DBS from a cost-effectiveness standpoint. However, previous 

literature has not provided meta-analysis of available economic evaluations comparing these 

therapeutic interventions.  

 

Chapter 2 presents a systematic review and meta-analysis of available economic evaluations 

comparing DBS with best medical therapy alone. 

 

We hypothesize that, when amortized over the duration of the patient’s lifetime and in 

consideration of effectiveness in terms of quality of life for patients with movement disorders, 

that DBS is a cost-effective therapy. Additionally, we hypothesize that cost-effectiveness may 
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depend on factors such as diagnosis (i.e. Parkinson’s disease vs. essential tremor), patient age 

(i.e. more cost-effective in younger patients), and healthcare system (i.e. single pay (public) 

systems vs. multi-payer (private) systems).  

 

1.3 Perspectives of patients, caregivers, and healthcare providers 

The equitable, effective provision of healthcare is contingent upon delivering services in a 

meaningful and effective manner that meets patients’ needs and preferences. The concept of 

access to care considered through commonly utilized indicators often fails to reflect patient 

experience to provide a comprehensive picture (55). The inclusion of patient and caregiver 

perspective as a key component of the Quadruple Aim to deliver effective healthcare, given 

patients are frequently in contact with the healthcare system and therefore have expertise on 

barriers to access. Patients have a global perspective from primary to secondary healthcare and 

social care, that encompasses their personal needs for various services. Therefore, it is critical for 

decisionmakers and researchers to consider patients’ perspective as to what access to care means 

(55).  

 

The Quadruple Aim of health service research was initially developed as the Triple Aim – 

enhancing patient experience, improving population health, and reducing costs (56). It was an 

approach to optimizing health system performance, however in attempts to enact the Triple Aim 

in practice, healthcare providers reported increased stress and burnout as an increase in 

administrative demand occurred. As a result, work life dissatisfaction among healthcare 

providers threatened the patient centred approach that the Triple Aim promised. For this reason, 

a fourth component was proposed (52). Obtaining healthcare provider perspectives in health 
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systems research allows decisionmakers and investigators to streamline healthcare systems to 

better serve healthcare providers, thereby better serving patients. Healthcare providers develop 

an understanding of the barriers encountered in the delivery of health services, and can provide 

potential solutions to eliminate these barriers to accessing care.  

 

To improve access to DBS in Canada, an understanding of barriers and facilitators to access is 

required. Both patients/caregivers and healthcare providers at every point of contact with the 

healthcare system along the referral pathway to DBS provide insight to eliminate these barriers 

and facilitate improved access across Canada.  

 

An understanding of barriers alone cannot identify where to direct resources. To 

comprehensively assess access to DBS in Canada, an understanding of the need for this service is 

required. However, determining the prevalence of candidates for DBS is a challenging concept. 

The literature relies on retrospective data to determine a patient’s ability to access functional 

neurosurgery, however this method is limited, in that patients have already overcome existing 

barriers to receive surgical intervention in many of these studies. Population-level data from 

databases such as the Canadian Institute for Health Information does not provide the granularity 

to assess operative candidacy, which requires clinical acumen. One previous international study 

surveyed neurosurgeons to estimate the proportion of patients with a number of neurologic 

diseases that warrant neurosurgical consultation or operative management. Investigators reported 

high concordance rates between clinicians regarding estimates (57), providing evidence of utility 

for utilizing expert opinion to estimate prevalence. 
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In the third chapter, utilizing mixed methods surveys of stakeholders for DBS along the patient 

care pathway (family physicians, neurologists, neurosurgeons, advocacy groups) and 

patients/caregivers, perspectives were elicited from healthcare providers and patients regarding 

barriers and facilitators to accessing DBS in Canada. Additionally, expert opinion was used to 

estimate the prevalence of candidates for DBS in Canada.  

 

We hypothesize that the prevalence of candidates for DBS in Canada outweighs current access to 

the service, and that key barriers include distance of patient residence to a centre offering DBS 

therapy, and socioeconomic status, as previously demonstrated in the literature.  

 

1.4 Population level data 

The Quadruple Aim of health service research states that the delivery of efficient healthcare is 

contingent upon improving the health of populations. Organizations like the Ontario Ministry of 

Health and the Canadian Institute for Health Information that have adopted the Quadruple Aim 

have begun to consider factors like socioeconomic status, race, gender, and geography and how 

it contributes to equity in access (53,54). Through determining characteristics of individuals who 

have successfully met the outcome when it comes to accessing DBS, in that they have undergone 

this therapy, means to address disparities can be developed. 

 

Although DBS is a mainstay of surgical treatment for movement disorders, access to the service 

is limited as a result of centralization to limited academic centres in larger cities (46–49). A 

number of socioeconomic and cultural differences have been demonstrated to negatively impact 

access to DBS, including race (32–35), gender (33,35,38–41), socioeconomic status 
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(32,33,35,38,39,42,43), and lack of referrals to tertiary centres with movement disorder clinics 

(44,45).  

 

While the majority of studies on access to DBS have been conducted in the American healthcare 

system, a small number of Canadian studies have provided some understanding of barriers to 

access in Canada. In 2018, Honey et al utilized industry data to provide a national snapshot of 

the geographic distribution of DBS in Canada, revealing clear disparities in access between 

provinces. For example, investigators found excellent access to DBS in Saskatchewan and 

extremely poor access in Newfoundland and Labrador (50).  

 

Since publication of the study by Honey et al, the Canadian healthcare system has continued to 

evolve. With the advent of the COVID-19 pandemic came unforeseen strain on the public 

healthcare system, resulting in significant delays in care. During the first 31 months after the first 

cases of COVID-19 were detected in North America in March 2020, resulting in cessation of 

elective surgical cases at nearly all Canadian institutions, approximately 937,000 (14%) fewer 

surgeries were performed than prior to the pandemic in 2019 (58). For patients living with 

movement disorders, care has been significantly impacted by the pandemic, with one Canadian 

study reporting patients with Parkinson’s disease have experienced amplification of negative 

experiences in healthcare compared with prior to the pandemic (59).  

 

Chapter 4 comprises a national, multicentre cohort study that aims to describe current access to 

DBS for movement disorders in Canada through retrospective data from each of the 15 Canadian 

centres offering this service. Additionally, it aims to compare current access to that reported by 
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Honey et al in 2018 to determine if improvements have been made in providing this therapy to 

patients who need it, particularly whether gaps in access identified by Honey et al have been 

addressed, and to determine the extent of the impact COVID-19 had on delivery of DBS 

nationally, in terms of decrease in number of cases and recovery of delivery throughout the 

pandemic. Finally, similar to Honey et al, the study aims to determine if factors such as gender, 

socioeconomic status, indication, or geographic location impact patients’ ability to access DBS.  

 

We hypothesize that, similar to results from Honey et al, patients who have undergone DBS are 

likely to have higher socioeconomic status than average and live closer to centres that provide 

DBS therapy. Additionally, we hypothesize that the COVID-19 pandemic was associated with a 

profound decrease in the number of DBS surgeries completed nationally, and that recovery to 

pre-pandemic numbers alone will not adequately address a backlog of surgical cases, as seen in 

other specialities.  

 

1.5 Conclusion and future directions 

Chapter 5 presents conclusions based on this thesis work, describes its limitations, and 

summarizes future research planned based on findings from this thesis.  
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Key Points:  

• Deep brain stimulation is cost-effective compared with best medical therapy in 

Parkinson’s disease, when considered over longer time horizons.  

• Inclusion of economic analyses conducted alongside clinical trials are needed to provide 

more robust data for economic evaluations to support decision making. 

• Limited evidence exists in regard to economic evaluations for movement disorders other 

than Parkinson’s disease.  
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ABSTRACT 

Background: Movement disorders (Parkinson’s Disease, essential tremor, primary dystonia) are a 

debilitating group of conditions that are progressive in nature. The mainstay of treatment is best 

medical therapy (BMT), however a number of surgical therapies are available, including deep 

brain stimulation (DBS). Economic evaluations are an important aspect of evidence to inform 

decision makers regarding funding allocated to these therapies.  

 

Objective: 

This systematic review and meta-analysis evaluated the cost-effectiveness of DBS compared 

with BMT for movement disorder indications in the adult population.  

 

Methods: 

Ovid Medical Literature Analysis and Retrieval System Online, Embase, and Cochrane Central 

Register of Controlled Trials were queried. Only economic evaluations reporting incremental 

cost-effectiveness ratios for DBS vs. BMT for movement disorders were included. Studies were 

reviewed in duplicate for inclusion and data abstraction. Data was harmonized using Consumer 

Price Index (CPI) and Purchasing Power Parity (PPP) to standardize values to 2022 USD. For 

inclusion in meta-analyses, studies were required to have sufficient data available to calculate an 

estimate of the incremental net benefit. Meta-analyses of pooled incremental net benefit based on 

time horizon were performed. The study was registered at PROSPERO (CRD42022335436). 

 

Results: 
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2,190 studies were reviewed, with 14 economic evaluations included following title/abstract and 

full-text review. Only studies considering Parkinson’s Disease were available for meta-analysis. 

Quality of the identified studies was low, with moderate transferability to the American 

Healthcare System, and certainty of evidence was low. However, studies with longer time 

horizon (15 years to lifetime) were found to have significant positive incremental net benefit 

(indicating cost-effectiveness) for DBS with mean difference of 40,504.81USD (95% CI 

2,422.42; 78,587.19).  

 

Conclusion: 

DBS was cost-effective for Parkinson’s Disease when considered over course of the patient’s 

remaining life after implantation. 
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1 INTRODUCTION 

Movement disorders, including Parkinson Disease (PD), essential tremor, and primary dystonia, 

among others, are a group of conditions that impact the quality, along with speed and fluency of 

movement, resulting from basal ganglia dysfunction. The goal of treatment is to alleviate motor 

symptoms and in the case of PD, non-motor symptoms of the disease. While medical therapy 

remains standard first line treatment, high quality (level 1) evidence supports the use of  deep 

brain stimulation (DBS) (1) in well selected patients resulting in significant symptomatic 

improvement. The most suitable candidates for DBS include patients with clear diagnosis of 

Parkinson’s disease, essential tremor, or dystonia with motor fluctuations and/or dyskinesias that 

are not adequately controlled with optimized medical therapy. In Parkinson’s disease 

specifically, patients should be responsive to levo-dopa therapy with normal cognitive, 

psychiatric, and behavioural status. Additionally, patients should have no significant co-

morbidities, and ideal candidates are less than 70 years of age. Many patients with good response 

fall outside these ideals, and all patients should be evaluated with a multidisciplinary team 

including a neurologist, neurosurgeon, neuropsychologist and psychiatrist for consideration of 

therapy (2). Given the up front cost of surgery associated with DBS (approximately 37,000USD 

for surgical costs alone (3)), a number of economic evaluations have been conducted to attempt 

to determine the cost-effectiveness of this therapy, compared with best medical therapy (BMT).  

 

Economic evaluations compare costs and effectiveness of novel therapies with standard 

treatments, and are critical in determining how health care resources should be allocated. Well 

conducted economic evaluations utilize quality of life years (QALY) as a measure of change in 

quantity and quality of life expected from a particular treatment. The difference a patient with 
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PD experiences before and after DBS, in terms of ability to interact with their family, participate 

in activities of daily living, and mobility, should be reflected in the positive change in health 

utility observed in economic evaluations. Utilities associated with surgical and medical 

complications should encompass potential need for re-operation, re-admission, antibiotic therapy 

for post-operative infection, or reduction in quality of life for long term complications such as 

post-operative hemorrhage. Economic evaluations then account for the potential time spent in 

any given health utility. For example, a patient with a short-term complication may have poorer 

quality of life, but for a brief period of time, compared with a patient with long term 

complication(s), that would reduce quality of life for perhaps the entire horizon of the study. As 

such, it is important that evaluations utilize in cases where at least one of the interventions has an 

impact over the patient’s entire life. Additionally, longer duration time horizons provide a better 

picture for interventions that carry increased up front cost and risk of shorter term complications 

(i.e. surgical versus medical therapies), as the up front cost is balanced with sustained 

improvement over a longer period of time (4). 

 

Previous systematic reviews have summarized literature findings of economic evaluations for PD 

(5–7), and movement disorders (8). Here we attempt to meta-analyze economic evaluations  of 

DBS available in the literature.  

 

Meta-analysis of economic evaluations is a relatively new concept, introduced by Crespo et al. 

(2014) (9). The idea is to calculate a tool, total incremental net benefit (TINB), of included 

studies through inverse variance weighting of incremental net benefits (INB), calculated from 

included studies. This validated tool allows simple determination of whether an intervention is 
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cost-effective (TINB>0). The premise of this methodology is that data is harmonized to a single 

currency through historical consumer price index (CPI) and purchasing power parity (PPP), 

which accounts for the economy of individual countries compared with the United States (the 

standard reference country for PPP), allowing some consideration for resources, infrastructure, 

and value of currency, as opposed to currency conversion alone. Market-based rates are more 

volatile than PPP, which is relatively stable over time (9). A number of factors can influence the 

INB of studies, including gross domestic product (GDP) of country of interest, patient factors 

(i.e. age, sex, comorbidities) in the source patient for models, as well as model lifetime (9–11). It 

is important to consider these factors when meta-analyzing these studies, as studies with one-

year time horizons cannot be compared with those using lifetime horizons, for example, as the 

up-front cost associated with surgical intervention is dispersed over the total horizon time. 

 

The objective of this review was to synthesize the TINB for DBS vs. BMT for movement 

disorders, to determine the cost-effectiveness of this intervention.  

 

2 METHODS 

This systematic review was registered with PROSPERO (ID:CRD42022335436) and conducted 

using Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines.  

 

2.1 Search Strategy and Screening 

A search strategy (Appendix 1) was optimized with a medical librarian. Databases included 

Medline, Embase, and EBM Reviews Cochrane Central Register of Controlled Trials. Search 
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included inception through May 24, 2022. Search was repeated on March 12, 2023 to screen for 

additional studies.  

 

Only cost-utility analyses were included. No limitation to year or language was imposed. Only 

original research articles were included. We included studies with patients (or base cases) aged 

18 or older diagnosed with PD, essential tremor, or primary dystonia where BMT alone (defined 

as best available non-invasive pharmacotherapy) was compared with DBS (plus BMT). Studies 

were required to include ICER as a critically important outcome.  

 

Studies were screened using Covidence (12), and screening, extraction, and quality assessment 

were performed in duplicate with consensus resolution of conflicts and a third author for conflict 

resolution.  

 

Data was collected for patient (or base case)  age, disease severity, time from diagnosis to 

surgical intervention, costs included in study, currency and year, discounting rate, perspective of 

analysis, effectiveness assessments, ICER, and results of sensitivity analyses.  

 

For inclusion in meta-analyses, sufficient data was required to calculate the INB and its variance 

(cost and efficacy with variances either reported or sufficient data to estimate variance using 

Monte Carlo simulation).  

 

2.2 Statistical Analyses 
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Data harmonization was performed using COMER framework (9). All currencies were first 

converted to the 2022 value for the currency reported in each individual study using the 

historical CPI of the country of study (13). Individual study currencies were then converted to 

2022 US dollars (USD) by converting to purchasing power parity (PPP) using conversion rates 

from the International Monetary Fund (13). This was completed for incremental costs, 

thresholds, and ICERs for each study. After currency conversions for cost and threshold (K), the 

INB was estimated. See Appendix 2 for details of calculations. 

 

INB was then pooled across studies, using a random-effects model, DerSimonian-Liard in all 

cases (15).  

 

Heterogeneity was analyzed with holistic consideration of the Chi-squared, I2 statistics 

(heterogeneity considered low, moderate, and high if the I2 was <25%, 25-74%, or ≥75%, 

respectively). All analyses were performed using Stata software, version 17.0, and Microsoft 

Excel. Results were considered statistically significant for all analyses at p<0.025 (two-sided 

yielding significance of p<0.05).  

 

Publication bias was assessed with funnel plots. Country income and disease severity, patient 

age, and time from diagnosis were assumed to potentially influence outcomes with expected bias 

against increased disease severity, delayed surgical intervention, and patient age. However, 

available data prevented us from conducting subgroup analyses testing these hypotheses. 

Subgroup analyses within time horizon were conducted for single vs. multi-payer health care 

system only. Sensitivity analyses were conducted by excluding outliers to reduce heterogeneity.   
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2.3 Quality Assessment 

Quality Assessment was performed using the Consensus on Health Economics Criteria Checklist 

(CHEC)-extended checklist (16). Individual studies were reviewed for quality assessment by 

independent investigators (M.L., T.D.), and discussed for consensus.  

 

An additional assessment of quality was performed considering common methodologic concerns 

with economic evaluations that is not addressed by the CHEC checklist. Each aspect was 

discussed among team members. These factors included model structure, model validity, 

estimation of costs, estimation of health state utility, and how these considerations and concerns 

contribute to heterogeneity in analyses.  

 

2.3.1 Transferability 

In economic evaluations, transferability is the extent to which results hold true for different 

populations and settings (17). Transferability of the studies included in the meta-analysis was 

assessed using a validated tool created by Welte et al (2004), which takes into consideration a 

number of important factors to determine whether comparison between the country of study and 

country of interest is reasonable. It also attempts to determine whether the cost effectiveness 

ratio in the country of interest would be higher, lower, or undetermined based on the 

transferability between the study and country of interest (18). See Table 1 for details of 

transferability assessment.  

 

2.3.2 Certainty of Evidence 
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GRADE working group has provided recommendations for reporting in systematic reviews of 

economic evaluations. As such, we have followed these recommendations, identifying items of 

resource use that may differ between alternative management strategies that may be important to 

patients and decision makers, find evidence for these differences in resource use between 

comparisons, rating the confidence in estimates of effect, and valuation of resource use in terms 

of costs for our setting of interest (US) (30). These recommendations were included in our 

summary of findings table.  

 

3 RESULTS 

Of 1,872 studies, 14 met inclusion criteria (Figure 1) (3,31–43). Study characteristics are 

reported (Table 2).  

Studies were published between 2001-2022. Mean age for base case in the analyses was 58.00 

(3.83) for the eleven studies reporting this characteristic (mean age was not reported for 3/14 

studies). Of the 14 included studies, only one investigated DBS versus BMT in dystonia (32), for 

this reason, it was not included in the meta-analysis, which ultimately included only patients with 

PD. Average duration of disease at time of surgery ranged from 7.3-16.9 years, although there 

was inconsistent reporting of patient characteristics among studies. All available patient 

characteristics are reported in Table 3. 

 

No studies reported that DBS is not cost-effective when compared with BMT. However, one 

study did report that in the one year analysis, the intervention was not cost-effective, it did 

become cost effective with 5 year extrapolation, but again found reduced cost-effectiveness 
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when data was extrapolated to between 5 and 10 years (36). See hierarchical decision matrix for 

summary of cost-effectiveness decisions from included studies (Figure 2).  

 

Meta-analyses included 11 studies for which INB and its variance could be calculated (see Table 

4 and Appendix 2 for calculation details), and revealed cost effectiveness for longer time 

horizons (15 years to lifetime horizon) mean difference INB 40,504.81USD(95% CI 2,422.42; 

78,587.19). For studies with a 1-3 year horizon, DBS was favoured but the  mean INB difference 

did not reach statistical significance [13,684.07USD(95% CI -7,295.64; 34,663.77)]. For 5 year 

horizon studies, mean difference INB favoured BMT, but again, this difference was not 

statistically significant, mean difference INB -806.97USD(95% CI -27,000; 25,157.82). For 

studies with 10 year time horizon, again, BMT was favoured, but the difference was not 

statistically significant, mean difference INB -14,000USD(95% CI -45,000; 16,248.65). Studies 

with lifetime horizon alone favoured DBS, but not to a significant degree, mean difference INB 

46,130.78USD(95% CI -5,855.99; 98,117.54). See forest plots for all primary horizon analyses 

(Figure 3).  

 

Given limited studies available, subgroup analyses were not possible. A sensitivity analysis was 

performed, analyzing 15 years-lifetime studies with and without Tomaszewski et al (3), the only 

American study included from the perspective of a multi-payer system, and did not show any 

difference in cost effectiveness, mean difference INB 40,504.81USD(95% CI, 2.422.42; 

78,587.19) for studies including all systems, vs. 54,549.85USD(95% CI, 17,207.52; 91,892.18) 

for analysis including only studies from countries with single payer healthcare systems 

(Appendix 3).  
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Given that McIntosh et al (36) was an outlier in the systematic review, in that it concluded DBS 

was not cost-effective at five and ten years, the 5-10 and 10 year time horizon analyses were 

repeated without this study. The analyses remained insignificant for both horizons with and 

without the study. For the 5-10 year horizon, with McIntosh, mean difference INB was -

7,945.07USD(95% CI -34,000; 18,177.66) vs. 359.95USD(95% CI -117.61; 837.50) without. 

For 10 year horizons, with McIntosh, mean difference INB was 1,400USD(95% CI -45,000; 

16,248.65) vs. 354.65 (95% CI -117.53; 826.82). See Appendix 4.  

 

To minimize potential bias introduced by model-based evaluations, a sensitivity analysis was 

performed for the 1-3 year horizon, considering two study based evaluations, Valldeoriola et al 

(34) and Zhu et al (2014) (31), with and without the model-based evaluation Fann et al (2020) 

(39). Elimination of the model-based evaluation persistently favoured DBS over BMT with a 

pooled estimated INB to 22,171.79USD(95% CI -2,043.70; 46,387.29), however the 

heterogeneity of the analysis decreased considerably from I2=99.63% to 77.69%. See Appendix 

5. 

 

No publication bias was identified for analyses, except for studies with 10 year horizon where 

publication bias favours BMT. Amongst studies with lifetime horizon, two identified outliers 

were balanced to neither favour BMT nor DBS (Figure 4).   

 

A high degree of heterogeneity was observed among all analyses. Given the nature of data 

harmonization, this is to be expected to some extent. If a sufficient number of studies existed to 
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perform subgroup analyses for high, middle, and low income countries, this would limit the 

heterogeneity observed. It is important to note, however, that positive INB suggests economic 

efficacy of an intervention, regardless of its value. Therefore, the magnitude of the value for each 

study is less important. For this reason, it remains feasible to compare studies with lower INB to 

those with higher magnitude, accepting that the calculated I2 will suggest high heterogeneity 

between studies.  

 

3.1 Quality Assessment 

CHEC assessment was conducted in duplicate, with a Cohen’s kappa of 0.99 indicating near-

excellent agreement between assessors. No formal cut-off has been established to determine low 

vs. high quality using this tool, however the majority of criteria were fulfilled for each included 

study. See Table 5 for details of quality assessment for individual studies. 

 

In addition to the CHEC checklist, additional methodologic concerns related to heterogeneity 

among analyses were highlighted in Table 6. Ultimately, the high degree of heterogeneity within 

analyses limit certainty in effect estimates for all analyses, and limit the quality of evidence 

available for decision-makers.  

 

3.2  Transferability 

All but one study (3), was determined to have concerns with transferability. Most commonly, 

this was due to variations in discount rate[34,36–38,40,43], absolute and relative prices in health 

care, practice variation[34,36,37,39,40] (determined by time to surgery, which varied from 7.3 to 

16.9 years among studies), disease incidence and prevalence (ranging from 0.8-6%), life 
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expectancy (ranging from 78.08 years in the China to 85.39 years in Hong Kong) (58), and 

health-status preferences (31,37,39,42,43). Productivity cost approach and productivity and 

work-loss time were not reported in any studies, and disease spread was not considered relevant 

for the current study. The study with most bias detected in transferability was Kawamoto (37), 

with the predicted direction being cost effectiveness ratios likely being predicted too high for the 

country of interest for direct transferability. The next least transferable studies were Dams (2013) 

(42), Eggington (40), McIntosh (36), and Fann (2020) (39). See Table 7 for full details of 

assessment.  

 

4 DISCUSSION 

In the same way that systematic reviews and meta-analyses of randomized controlled trials 

provide evidence for guidelines, meta-analyses of well-conducted economic evaluations based 

on large primary data sources should be taken into consideration in formation of guidelines and 

incorporation of newer or costly treatment strategies to ensure cost-effective care is provided to 

patients to maximize societal benefit.  

 

In the case of DBS for movement disorder indications, there remains a paucity of high-quality 

economic evaluations to definitively make recommendations for cost-effectiveness, however the 

current study suggests that when an appropriate time horizon (i.e. lifetime) is considered for this 

intervention, it is a cost-effective treatment for PD.   

 

Both the National Authority for Health (HAS) in France, NICE in England, and ICER in the 

United States recommend that economic evaluations analyze a time horizon appropriate for the 
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disease being studied, to account for all important differences in potential costs and benefits. 

Both organizations recommend lifetime horizons (59–62), with HAS specifying that lifetime 

horizons be selected if at least one of the interventions has an impact over the patient’s entire 

life, in terms of cost, length of life, quality of life, morbidity, deficiencies, or incapacity. Shorter 

time horizons are only recommended when evaluating treatments where different costs and 

health outcomes are no longer observed beyond a certain period of time (62). In PD both DBS 

and BMT have implications for quality of life, morbidity, incapacity, and cost throughout the 

remainder of life, therefore, shorter time horizons would be inappropriate for evaluations of these 

therapies.  

 

This review provides evidence that when the appropriate time horizon is considered, the upfront 

cost associated with surgery, as well as the costs associated with surgical complications or 

revisions for expected hardware replacement (IPG replacement) are significantly outweighed by 

the QALY benefit provided to patients undergoing therapy and reduced medication costs, when 

compared with costs of medications in BMT.  The pooled INB for studies with longer time 

horizons (15 to lifetime) was estimated at 40,504.81USD(95%CI 2,422.42; 78.587.19), 

suggesting DBS is a favourable intervention from an economic efficacy standpoint, compared 

with BMT alone. Among economic analyses, it is important to consider that the magnitude of 

effect is more important than statistical significance, which can easily change based on a number 

of study factors. This further highlights the cost-effectiveness of DBS vs. BMT even in shorter 

term time-horizon studies. From a population standpoint, these potential cost savings may 

outweigh the high upfront cost of surgical intervention in patients with movement disorders.  
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Suboptimal transferability and the inclusion of model-based evaluations limits the degree of 

certainty in recommendations made by this review. Where limited economic evaluations exist 

alongside longitudinal studies with primary data, model-based evaluations often rely on the same 

data from larger trials. As such, data from the same populations may be utilized more than once 

in the pooled estimate. To improve upon economic evidence with respect to DBS vs BMT in 

movement disorders, conduction of economic evaluations routinely with longitudinal empiric 

studies is necessary to better inform healthcare systems with regard to appropriate allocation of 

resources for DBS. It is important to gain a better understanding as to whether the economic 

benefit modelled at longer time horizons is realistic. From an economic perspective, it is 

important to determine if patients sustain the benefit observed from DBS initially at 15-20 years 

out from surgery without significant complications, increase in medication use to similar doses 

as BMT patients at a similar timepoint in their disease course, or increased costs from other 

unexpected factors. Longitudinal studies of DBS vs BMT patients with well-conducted economic 

evaluations would answer these questions.  

 

The highest quality study that was included was McIntosh et al (36). This study was conducted 

with the PD SURG trial, a randomized, open-label trial conducted at 13 neurosurgical centres in 

the UK, including 183 patients who underwent DBS with a further 183 allocated to receive BMT 

alone (48). Data for the economic evaluation was collected through the first year of 

randomization in the trial and extrapolated to 5 and 10 years. Life span of the DBS implant 

battery was estimated from trial data as a survival curve, and medication use was recorded at 

baseline, six months, and at 12-month follow up (36). The rigorous nature of this study, with 

multiple sensitivity analyses given assumptions in the model for extrapolation provide an 
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example of how economic evaluations should be conducted, however the short duration time 

horizon limits the value of this study in meta-analysis. It should be noted that this study is the 

only one revealing clear negative INB, and skews the analyses for 5 and 10 year time horizons. 

This is also evident in the funnel plot indicating publication bias for the 10 year analysis. Given 

there was a clear trend toward cost-effectiveness as time progressed in the model, it is likely that, 

had a lifetime time horizon been utilized in this model, it would have realized a positive INB as 

well. This, again, highlights the importance of using time horizons appropriate to the disease and 

treatments of interest.  

 

Additionally, multiple model based evaluations utilizing data from the EARLYSTIM trial (63), 

bring into question the 15 year to lifetime horizon analysis, given two of the included studies 

utilized the same patient dataset (38,41). This is particularly concerning, as the 15 year to 

lifetime horizon analysis was the only significant pooled analysis in the present study. The 

number of patients included in each of these two studies differs, as well as costing (each study 

utilized costing from their respective country’s systems). Finally, Fundament et al reports also 

utilizing the UK CPRD dataset (38). Although all data was not taken solely from the 

EARLYSTIM trial for both studies, conclusions regarding this particular meta-analysis should be 

approached with caution.  

 

To have meaningful utilization of meta-analyses of economic evaluations, that create high 

quality, transferable results, a shift in perspective of empiric researchers must occur. High quality 

economic evaluations, with clearly described costs, efficacy in QALY as measured by a 
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consistent scale (EQ-5D is generally recommended (60–62)), and lifetime horizon should be 

conducted alongside empiric, prospective, comparative studies.  

 

Even if these studies become readily available, applying them in complex healthcare contexts 

like those in North America remain challenging. For example, how do the results of studies 

transfer to Medicare/Medicaid patients vs. commercial insurance policy patients vs. private 

payer? Even in countries like Canada, with a single payer healthcare system, application remains 

complex, given health care is governed provincially, so application between provinces and 

territories can vary significantly. A thorough meta-analysis of high-quality economic evaluations 

would allow for subgroup analyses by such differences and would include transferability 

assessments to these various healthcare contexts.  

 

Overall, the method outlined by the COMER group (9) to pool economic evaluations on an 

international scale through consideration of country income and resources, as opposed to only 

currency (through conversion using CPI and PPP Index), allows meta-analysis of all available 

evidence comparing two treatment strategies. The application of this strategy to neurosurgical 

evidence is an important step toward improved understanding of the true societal economic cost 

and benefit to make informed systems-level decisions in terms of improving funding and access 

to interventions with proven economic benefit.  

 

In the context of DBS for movement disorders, while evidence has only been meta-analyzed for 

PD, this study concludes that DBS is a cost-effective intervention, compared with BMT, when 

considered over a patient’s lifetime. Patients are expected to receive sustained QALY benefit 
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over the remainder of their lifetime, with reduced medication costs compared with BMT alone, 

that justifies the upfront costs associated with surgical assessment, surgical cost, cost of implants, 

hospital admission(s), and follow-up visits. A lifetime horizon also considers the cost(s) of 

complications and battery replacements, which balance with cost savings and QALY benefit 

over lifetime horizon as well. It should be considered, however, that longer time horizons are 

realized through modelling (given a lack of long-term data available for economic analyses). For 

interventions such as DBS, this is important, as the high up-front cost of surgery is balanced by 

QALY improvement over time. Given the QALY improvements are assumed based on 

modelling, carrying estimation error, it may not be entirely realistic to assume that these QALY 

effects are sustained for 15 years or longer. Limited longitudinal studies exist over periods of 8-

16 years, and do suggest sustained improvements (64–78). Given DBS has been widely adopted 

since its approval from the Food and Drug Administration in 1997, there exists a population of 

patients for longitudinal studies of longer duration, with which parallel economic evaluations 

should be conducted. 

 

4.1 Limitations 

Meta-analysis of economic evaluations carries inherent limitations. For example, significant 

heterogeneity exists between evaluations. This can be caused by model type, perspective, 

population, country income, gross domestic product, and discounting. Utilization of CPI and PPP 

to account for the economic environment and year in which selected studies were conducted can 

help with some of these concerns, however these approaches carry some limitations as well. For 

example, price indices are calculated based on individual prices of selected commodities, as 

opposed to all commodities in every country considered (79). Insufficient evidence was available 
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in this study to allow for stratification by country income, study type, disease, and disease 

severity, as had been outlined in the analysis plan at the start of the study.  

 

Beyond study specifics, characteristics of societies in the countries of study origin increase 

heterogeneity within the analysis as well. Willingness to pay differs between countries as a result 

of the value placed on health and well-being related to various cultures (25–29), and even 

amongst countries with similar income level, resources allocated to healthcare can differ 

significantly. Even within single countries, demographics and allocation of healthcare spending 

can differ between geographic regions. A transferability assessment is meant to account for this; 

however, some aspects of this assessment are difficult to thoroughly assess through consideration 

of individual studies and general country contexts.  

 

Given the lack of available economic evaluations on the topic conducted parallel to longitudinal 

trials, model-based evaluations were included in the analysis. It is worth noting that longitudinal 

studies with durations of 15 years or greater are uncommon, and model based evaluations are a 

common means of estimating economic outcomes at these time points. Inclusion of models based 

on the same data sources in systematic review may infer double-counting of patient populations. 

For example, several studies utilizing models were based on efficacy and costs in the 

EARLYSTIM trial (63). Pooling of results from these model-based studies would consider the 

same efficacy multiple times in the analysis. The analysis where this seems most concerning is 

that considering the 15 years to lifetime time horizon.  
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Overall, heterogeneity among the analyses presented limits the certainty in effect estimates to a 

considerable degree.  

 

Finally, although the goal of this study was to assess current evidence from economic 

evaluations comparing DBS vs. BMT for movement disorders, the only evidence available for 

meta-analysis was from studies of PD.  

 

5 CONCLUSION 

Our meta-analysis of available international economic evaluations assessing DBS vs. BMT for 

movement disorders suggest that when longer duration time horizons are considered, the upfront 

cost of DBS and any potential complications is outweighed by the quality of life benefit gained 

to patients with PD, in addition to decreased medication costs, compared with BMT alone. This 

provides further evidence favouring DBS over BMT in movement disorders, long considered to 

be an effective treatment, but limited in utilization by high costs, suggesting increased healthcare 

spending in upfront surgical costs may be balanced by long term quality of life benefits for these 

patients. It is important to consider that significant heterogeneity exists between included studies 

in terms of data sources, modeling structures, and estimated inputs. Therefore, further research is 

needed to corroborate findings.  

 

We recommend any future longitudinal studies comparing these two treatments include an 

economic analysis component with longer time horizon to improve available evidence and allow 

for appropriate healthcare decision making. In an aging population, where healthcare spending 

continues to increase, these economic decisions will grow increasingly important. Therefore, the 
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academic community has a responsibility to ensure high quality economic evidence is available 

to inform decision makers regarding therapies that require additional upfront funding in order to 

make the most economically efficient decisions long term.  
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FIGURES 

Figure 1: Adapted PRISMA flow diagram for included studies 
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Figure 2: Hierarchical decision matrix representing conclusions of 14 included studies 
Each of the included studies are placed in the matrix based on the overall recommendation for 
DBS vs. BMT for the individual study.  
11/14 studies concluded that DBS was cost-effective compared with BMT [32–35,37–43], 2/14 
concluded that further investigation is required [3,31], but that DBS is likely cost-effective 
compared with BMT, and 1/14 concluded that DBS is neutral in terms of cost-effectiveness 
compared with BMT [36].   
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Figure 3: Forest Plots for Primary Analyses of Incremental Net Benefit: A) Studies with 1-3 
year time horizon; B) Studies with 5 year time horizon; C) Studies with 10 year time horizon; D) 
Studies with lifetime horizon; E) Studies with 15 year-lifetime horizon. The effect size indicates 
the individual and summary mean INB differences and corresponding 95% confidence intervals.  
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Figure 4: Funnel plots for primary analyses: A) Studies with 1-3 year time horizons; B) Studies 
with 5 year time horizon; C) Studies with 10 year time horizon; D) Studies with lifetime horizon; 
E) Studies with 15 year to lifetime horizon 
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TABLES 

Table 1: Details of Transferability Assessment 
QALYs=quality of life years; ICU=intensive care unit; DBS=deep brain stimulation; US=United 
States 
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Table 2: Characteristics of 14 included studies Summary of Findings  
*Study country used is Germany, as Finland and Spain were estimated in original study 
ICER=incremental cost effectiveness ratio; USD=United States Dollar; GBP=Great Britain 
Pound; EUR=Euro; SEK=Swedish Krona; QALY= quality of life years; QoL=quality of life; 
DBS=deep brain stimulation; BMT=best medical therapy; EQ-5D=European Quality of Life five-
dimension; UPDRS=Unified Parkinson’s Disease Rating Scale; H&Y=Hoehn and Yahr Scale; 
PDQ-39=Parkinson’s Disease Questionnaire-39; GPi=globus pallidus internus; STN=subthalamic 
nucleus; WTP=willingness to pay; NICE=National Institute for Clinical Excellence 
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Table 3: Patient Characteristics Among 14 Included Studies 
All values are listed as mean (SD) unless otherwise specified 
DBS=deep brain stimulation; BMT=best medical therapy; UPDRS=Unified Parkinson’s Disease 
Rating Scale; H-Y=Hoehn and Yahr Scale 
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Table 4: Incremental Net Benefit Estimation per Study 
Values reported as estimate±standard deviation or estimate (95% confidence interval) 
INB=Incremental net benefit; DBS=deep brain stimulation; BMT=best medical therapy; 
∆C=change in cost; QALY=quality of life years; ∆E=change in efficacy; USD=United States 
Dollar 
Method for INB Calculations Utilized:  
1) 𝐼𝑁𝐵 = 𝐾∆𝐸 − ∆𝐶;  
2) 𝐼𝑁𝐵 = ∆𝐸(𝐾 − 𝐼𝐶𝐸𝑅),  
where K is the willingness to pay threshold, and ∆C and ∆E are the incremental cost and 
incremental effectiveness, respectively.  
Methods for INB Variance Calculations Utilized:  
Scenario 1: The primary economic evaluation reports point estimates and variances (SE, SD) for 
every parameter required for calculation of INB and its variance. These outcomes were then 
calculated according to equations 1-4 (described in Appendix 2) 
Scenario 4: The study does not report dispersion, but does provide CE plane graphs with a scatter 
plot of ∆C on the Y-axis and ∆E on the X-axis. Individual values of ∆C and ∆E were digitally 
extracted from the CE plane using Web-Plot-Digitizer software [58]. Means of ∆C and ∆E, and 
their variances and covariances were estimated. INB and its variance were estimated using 
equations 1 and 3 (described in Appendix 2)  
Scenario 5: The study does not report any dispersion, nor a CE plane, but provides only point 
estimates of costs, outcomes, and ICER. Measures of dispersion were estimated from another 
study, as long as the study these measures were borrowed from fulfilled the following criteria:  
-They were in the same income-level country.  
-Their ICERs differ only by±50-75%. 
-They are similar in intervention, comparator, time period, and country region. 
-They have a similar model type and imputes (i.e. discounting and time horizon).  
For full details of INB Calculations, please see Appendix 2. 
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Table 5: Quality assessment among all included studies. Adapted from the CHEC checklist tool 
[16] Y=yes, N=no. 
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Table 6: Methodological assessment of included studies with respect to heterogeneity of 
included studies 
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Table 7: Transferability assessment of included studies, adapted from Welte et al [18] 
Low scores indicate high transferability 
*Study by Yianni et al [32] was deemed to have poor transferability, given it is the only study 
assessing DBS for dystonia, and was therefore excluded from the transferability assessment 
**Study country used is Germany, as Finland and Spain were also estimated in original study 
1=Estimated relevance; 2=Estimated correspondence between study and decision country; 
3=Estimation of Cost-Effectiveness Ratio (CER) of decision country based on CER of study 
country is (U=unbiased, TH=too high, TL=too low, THOL=too high or low) 
VH=very high; H=high; L=low; VL=very low; NR=not relevant in the model; NA=not reported 
in the model 
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APPENDIX 1 - Supplementary Table 1: Ovid MEDLINE(R) and Epub Ahead of Print, In-
Process & Other Non-Indexed Citations, Daily and Versions (R) 1946 to May 24, 2022. 
Updated MEDLINE search on March 12, 2023 revealed 12 additional studies for screening.  
 
Search strategy for MEDLINE (Ovid Platform ALL 1946 to May 24, 2022) 
# Searches Results 
1 Electric stimulation therapy/ or deep brain stimulation/ 31937 
2 Device Removal/ 14682 
3 Electric stimulation/ 115891 
4 Neuromodulation.mp. 10596 
5 Neurosurgical procedures/ 35005 
6 Neurostimulat*.mp. 4690 
7 (electric stimulation therap* or deep brain stimulat* or Device Removal 

or Electric Stimulation).mp. 
167718 

8 Or/1-7 210955 
9 “Anterior limb of internal capsule”.mp. 91 
10 Subthalamic nucleus/ or zona incerta/ or thalamus/ or thalamic nuclei/ or 

anterior thalamic nuclei/ or geniculate bodies/ or intralaminar thalamic 
nuclei/ or lateral thalamic nuclei/ or pulvinar/ or mediodorsal thalamic 
nucleus/ or midline thalamic nuclei/ or posterior thalamic nuclei/ or 
ventral thalamic nuclei/ or external capsule/ or internal capsule/  

44201 

11 Subthalamic nucle*.mp. 7599 
12 Ventral Thalamic nuclei/ 922 
13 Globus Pallidus/ 7065 
14 (dbs or ventralis intermedius nuclei or globus pallidus* or subthalamic 

nucleus or zona incerta or thalamus or ventral thalamic or stn or vim or 
gpi).mp. 

97283 

15 Basal ganglia diseases/ 5561 
16 Parkinsonian disorders/ or Parkinson disease/ 84308 
17 Neurodegenerative diseases/ 22818 
18 (basal ganglia disease* or parkinsonian disorder* or Parkinson* 

disease).mp. 
132698 

19 Dystonic disorders/ 3212 
20 Essential tremor/ 2542 
21 (essential tremor or primary dystonia).mp. 5209 
22 Or/9-21 251690 
23 Exp “costs and cost analysis”/ 258068 
24 “health care economics and organizations”/ or economics/ or 

“compensation and redress”/ or “costs and cost analysis”/ or “cost 
allocation”/ or cost-benefit analysis/ or “cost control”/ or “cost savings”/ 
or health care costs/ or direct service costs/ or drug costs/ or employer 
health costs/ or hospital costs/ or health expenditures/ or capital 
expenditures/ or low-value care/ or economics, hospital/ or hospital 
charges/ or economics, medical/ or fees, medical/ or economics, 
pharmaceutical/ or “fees and charges”/ or capitation fee/ or fee-for-service 

654963 
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plans/ or fees, pharmaceutical/ or “rate setting and review”/ or financial 
support/ or health planning support/ or healthcare financing/ or financing, 
organized/ or financing, government/ or insurance, health, reimbursement/ 
or single-payer system/ or health care sector/ or health planning/ or 
“health care quality, access, and evaluation”/ or “exp delivery of health 
care”/ or “delivery of health care, integrated”/ or provider-sponsored 
organizations/ or health care reform/ or health priorities/ or health 
resources/ or health services accessibility/ or health care rationing/ or 
health equity/ or health facility closure/ or health facility environment/ or 
health facility size/ or “health services needs and demand”/ or healthcare 
disparities/ or learning health system/ or medical tourism/ or needs 
assessment/ or nurses improving care for health system elders/ or 
population health management/ or practice patterns, nurses’/ or practice 
patterns, physicians’/ or professional practice gaps/ or health services 
research/ or comparative effectiveness research/ 

25 Decision support techniques/ 22200 
26 Decision trees/ 11954 
27 (decision model* or Markov or discrete event simulation or decision tree* 

or trial-based model).mp. 
53167 

28 (cost utility analys* or cost benefit analys* or economic* or health care 
economics or healthcare economics or cost analys* or cost 
effectiveness).mp. 

810636 

29 (cost adj1 (outcome* or benefit* or minim*)).mp. 101979 
30 Monte carlo method/ 31274 
31 Monte carlo method.mp. 33532 
32 Or/23031 1240752 
33 8 and 22 and 32 300 
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APPENDIX 2 - Incremental Net Benefit Calculation Methodology: 

Data harmonization was performed using COMER framework [7]. All currencies were first 

converted the 2022 value for the currency reported in each individual study using the historical 

CPI of the country of study [9]. Individual study currencies were then converted to 2022 US 

dollars (USD) by converting to purchasing power parity (PPP) using conversion rates from the 

International Monetary Fund [9]. This was completed for incremental costs, thresholds, and 

ICERs for each study. After currency conversions for cost and threshold (K), the INB was 

estimated. 

 

After currency conversions for cost and threshold (K), the INB was estimated using one of the 
following two equations: 
 

𝐼𝑁𝐵 = 𝐾∆𝐸 − ∆𝐶      (1) 
or 

𝐼𝑁𝐵 = ∆𝐸(𝐾 − 𝐼𝐶𝐸𝑅)     (2) 
 

Where K is the willingness to pay threshold (as reported in each paper, or from study country), 

and ∆C and ∆E are the incremental cost and incremental effectiveness, respectively.  

 

Variance of INB was estimated using one of the following two equations: 
 

𝑉𝑎𝑟(𝐼𝑁𝐵) = 𝐾!𝜎∆#! + 𝜎∆$! − 2𝐾𝜎∆#∆$    (3) 
 
or 

𝑉𝑎𝑟(𝐼𝑁𝐵) = 𝐾!𝜎∆#! + 𝜎%$#&!      (4) 
 

Where 𝜎∆$! ,	𝜎∆#! , and 𝜎∆#∆$  are the variances of ∆C and ∆E and their covariance, and 𝜎%$#&!  is the 

variance of ICER.  
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Economic evaluations have variable reporting for parameters, therefore the five scenarios , 

previously described by Bagepally et al.[56] were used, as needed. 

 

Scenario 1: The primary economic evaluation reports point estimates and variances (SE, SD) for 

every parameter required for calculation of INB and its variance. These outcomes were then 

calculated according to equations 1-4. 

 

Scenario 2: The study reports means and measures of dispersion (95% CIs) of incremental costs, 
outcomes, and ICER. Or the 95% CI is estimated from sensitivity analyses (mean or median of 
upper limits from sensitivity analyses, depending on normality of distribution of results) [57]. 
The variance of ICER was calculated using the following formulas: 
 

𝑆𝐸 = '(!"#$)*+!"#$
,%/'

      (5) 

then 
𝜎8%$#&! = 𝑆𝐸!       (6) 

 

Where 𝑈𝐿%$#& represents the upper limit of ICER in the 95% confidence interval (or from the 

sensitivity analysis), 𝑍-/! represents the standardized normal (1.96 if alpha=0.05), and �̂�%$#& is 

the mean ICER. Once the variance of ICER has been calculated, the INB was estimated using 

equation 4.  

 

Scenario 3: The study reports means and variances (95% CI, SD/SE) or costs and outcomes (∆C 

and ∆E), but does not provide an ICER or its variance. Data for ∆C and ∆E were used to simulate 

∆C and ∆E using Monte Carlo simulations with gamma and normal distributions for ∆C and ∆E, 

respectively, using 10000 separate replications. The ∆C and ∆E, and the covariance between 

them was then calculated. A sensitivity analysis was performed using different distributions to 

test the robustness of pooling results, and an estimate of the covariance (𝜎∆#∆$) and 𝜎∆#!  and 𝜎∆$!  
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was calculated. In cases where the 95% CI was provided, this was converted to SD using 

equations 5 and 6.  

 

Scenario 4: The study does not report dispersion, but does provide CE plane graphs with a scatter 

plot of ∆C on the Y-axis and ∆E on the X-axis. Individual values of ∆C and ∆E were digitally 

extracted from the CE plane using Web-Plot-Digitizer software [58]. Means of ∆C and ∆E, and 

their variances and covariances were estimated. INB and its variance were estimated using 

equations 1 and 3.  

 

Scenario 5: The study does not report any dispersion, nor a CE plane, but provides only point 

estimates of costs, outcomes, and ICER. Measures of dispersion were estimated from another 

study, as long as the study these measures were borrowed from fulfilled the following criteria:  

-They were in the same income-level country.  

-Their ICERs differ only by ±50-75%. 

-They are similar in intervention, comparator, time period, and country region. 

-They have a similar model type and imputes (i.e. discounting and time horizon).  

 

INB was then pooled across studies, using a random-effects model, DerSimonian-Liard  in all 
cases [10].  
 

𝐼𝑁𝐵/ =	
∑ 𝑤01
023 𝐼𝑁𝐵0

∑ 𝑤01
023 + 𝜏!

 

 

𝜏! =
𝑄 − (𝑆 − 1)

∑𝑤0 −
∑𝑤0!
∑𝑤0
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The heterogeneity of INB between studies was assessed using the Cochran Q test and the I2 
statistic, as follows: 
 

𝑄 =C𝑤0(𝐼𝑁𝐵0 − 𝐼𝑁𝐵/)
1

023

 

 

𝑤0 =
1

𝑣𝑎𝑟(𝐼𝑁𝐵0)
 

 

𝐼! =
(𝑄 − 𝑆 + 1) 	× 	100

𝑄  
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APPENDIX 3 – Supplementary Figure 1: Forest plots of 15 year-lifetime horizon meta-
analyses with (A) and without (B) Tomaszewski [3], indicating no difference between analyses 
of studies from multi-payer and single payer countries, vs. single payer only. 
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APPENDIX 4 – Supplementary Figure 2: Forest plots of 5-10 year horizon meta-analyses with 
(A) and without (B) McIntosh et al [36], and 10 year time horizon meta-analyses with (C) and 
without (D) McIntosh et al [36]. 
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APPENDIX 5 – Supplementary Figure 3: Forest plots of 1-3 year horizon meta-analyses with 
(A) and without (B) Fann et al [39], indicating decreased heterogeneity and improved precision 
with a model-based evaluation eliminated. 
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CHAPTER 3: Mixed Methods Survey of Stakeholders to Identify Barriers to Accessing Deep 
Brain Stimulation for Movement Disorders in Canada 
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ABSTRACT 

Background 

Movement disorders (Parkinson’s disease, essential tremor, dystonia) are debilitating, 

progressive conditions that profoundly impact patients’ quality of life. Surgical therapies, such as 

deep brain stimulation (DBS) can provide tremendous relief to patients, but remain costly, and 

therefore limited in availability. In order to determine if adequate access to this service is 

available, it is important to understand the prevalence of the disease and potential barriers to 

access.  

 

Methods 

This is a mixed methods survey of stakeholders (patients/family members, advocacy groups, 

family physicians, neurologists, neurosurgeons) assessing perceived barriers to DBS for 

movement disorders and attempt to estimate the prevalence of candidates for this therapy by 

region. Closed and open-ended questions were used. Descriptive statistics were used to highlight 

regions of Canada where perceived access is poor, and to identify barriers to access.  

 

Results 

A total of 220 responses were recorded (12 neurosurgeons, 22 neurologists, 30 family 

physicians, 153 patients and caregivers, and 3 advocacy group personnel). Themes included 

limited resources/centralization of resources, education, burdensome referral patterns, and 

personal patient factors. Barriers included costs associated with travel, waitlists, lack of specific 

resources, and poor understanding of movement disorders, DBS indications, and referral 

pathways.  
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Conclusions 

A number of barriers to access to DBS have been identified, related to geography and 

centralization of services, referrals, and need for further education of indications, and safety. Use 

of virtual care, centralized referral pathways, and further research to determine the true 

prevalence of candidates for this therapy are required to improve access to DBS in Canada. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Ph.D. Thesis – M. Lannon; McMaster University – Health Research Methodology 

 92 

1 INTRODUCTION 

From its inception in 1984, The Canada Health Act has maintained the tenants that provincial 

and territorial health insurance plans must adhere to. These principles are: 1) public 

administration, 2) accessibility, 3) comprehensiveness, 3) universality, and 4)portability (1). The 

unique geography and population distribution of Canada creates challenges when assessing the 

accessibility of health services. As the complexity of health care delivery has evolved, concerns 

have grown about accessibility to critical healthcare services, particularly those requiring 

significant technological investment (2).  

 

One such area with advancing technology is functional neurosurgery. This subspecialty of 

neurosurgery involves the use of neurostimulators, implanted devices, and modulation of 

neurological circuits for the benefit of patients with neurological disease (for example, 

movement disorders including Parkinson’s Disease, essential tremor, and primary dystonia). 

These treatments have a profound impact on the quality of life for these patients.  

 

As the field of functional neurosurgery continues to evolve and the population of Canada ages, 

proper access to deep brain stimulation (DBS) is essential. Currently, gaps remain in our 

understanding of the prevalence of disease, burden of disability and access to care. Therefore, 

optimizing the opportunity to alleviate suffering and reduce health care costs associated with 

conditions amenable to functional neurosurgical intervention becomes challenging.  

 

Previously identified barriers to DBS for movement disorder indications include race (3–11), 

gender (4,6,9–12), socioeconomic status/insurance status (3,4,6,9,10,13,14), lack of referrals to 
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tertiary centers/movement disorder clinics (15,16), and geographical distance from tertiary 

centers (17–20). The majority of studies have been conducted in the United States, however 

Honey et al provided a national snapshot of the geographic distribution of DBS services in 

Canada in 2018, revealing a clear disparity between provinces in terms of access (i.e. excellent 

access in Saskatchewan with extremely poor access in Newfoundland and Labrador)(21). What 

this study did not investigate was the patient need for these services to determine equitable 

access. Pooja et al investigated the demographics of patients treated with DBS in Edmonton, 

revealing that significant disparities in access exist based on gender and ethnicity (11). Crispo et 

al completed a retrospective cohort study utilizing ICES data in Ontario, revealing that of 46,237 

individuals with Parkinson’s Disease, only 1.2% went on to receive DBS. They also highlighted 

that Northern Ontario residents were more likely than their Southern counterparts to receive DBS 

(AOR 2.23, 95%CI 1.15-4.34), that neighbourhoods with the highest number of visible 

minorities were less likely to receive DBS, and that regular neurologist care and use of multiple 

Parkinson’s medications were positively associated with patients receiving DBS (19). Again, 

these studies did not endeavour to investigate the need for this service, in terms of prevalence of 

candidates for DBS, thereby reporting the proportion of patients going on to receive DBS 

without defining what an expected number should be.  

 

There have been no previous attempts to comprehensively analyze access to DBS in Canada, 

through investigation of need for these services, matched access, and investigation of barriers for 

patients and practitioners, as determining the prevalence of candidates for DBS is a challenging 

concept. The literature relies on retrospective data to determine a patient’s ability to access 

functional neurosurgery, however this method is limited, in that patients have already overcome 
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existing barriers to receive surgical intervention in many of these studies. Population-level data 

from databases such as the Canadian Institute for Health Information does not provide the 

granularity to assess operative candidacy, which requires clinical acumen. As such, in the current 

study, expert opinion will be used for this estimation. A previous international study by Dewan 

et al used surveys of neurosurgeons to estimate the proportion of patients with a number of 

neurologic diseases that warrant neurosurgical consultation or operative management. 

Investigators reported high concordance rates between clinicians regarding estimates (22), 

providing evidence of utility for this methodology, recognizing inherent limitations to survey 

studies. Including clinicians from multiple specialties (family medicine, neurology, and 

neurosurgery) may limit the degree of bias for or against surgical consultation expected from 

certain respondent groups.  

 

The current study utilizes a mixed methods survey approach to estimate prevalence of candidates 

for DBS across Canada with Parkinson’s Disease, essential tremor, or primary dystonia through 

expert opinion, and determine barriers and facilitators to care from patient and health care 

provider perspectives.  

 

The objectives of this study include identification of underserved populations where need far 

exceeds availability of treatment due to geographic location, cost associated with travel, or 

inadequate resources with long wait times; identification of barriers to efficient access to 

functional neurosurgery among patients with movement disorders; and identification of barriers 

to referral to functional neurosurgery for patients with movement disorders.  

 



Ph.D. Thesis – M. Lannon; McMaster University – Health Research Methodology 

 95 

2 METHODS 

This is a population-based mixed methods survey study. The study was approved by the local 

university ethics committee, the Hamilton Integrated Research Ethics Board (HiREB #15262).  

 

2.1 Survey Development 

Survey questionnaires were developed in English and French and adapted for each of the 

stakeholder groups of interest along the patient care pathway. Questions were based on 

previously identified barriers to accessing DBS (geography, access to subspecialty services, 

socioeconomic status, race, and gender). To estimate prevalence of candidates for DBS by 

region, participants were asked to estimate the number of candidates in their region, and then to 

define the region they were referring to.  

 

2.2 Survey Validation 

Surveys were piloted with two individuals from each target group (neurosurgeons, neurologists, 

family physicians, patients/caregivers, advocacy groups) for clarity and comprehensiveness. 

Neurosurgeons and neurologists reviewed all surveys for content validity, while individuals from 

each stakeholder group reviewed respective surveys for face validity.  

 

2.3 Survey Administration  

Surveys were distributed electronically using electronic link or QR code via email, newsletters, 

and websites to patients and caregivers through advocacy groups across Canada (Parkinson NL, 

Parkinson NS, Parkinson QC, Parkinson Canada, International Essential Tremor Foundation, and 

Dystonia Canada). Employees and volunteers of advocacy groups were asked, via email, to 
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complete a designated survey as well. Family physicians, neurologists, and neurosurgeons in 

Canada were provided a QR code to respective surveys through an electronic faxing service in 

Canada, utilizing publicly available physician contact information (Scott’s Info). Additionally, 

the Canadian Neurological Sciences Federation listed surveys for neurologists and 

neurosurgeons on their website and newsletter. Finally, publicly available institutional email 

addresses were used to distribute surveys to neurologists and neurosurgeons in Canada. A total 

of two faxes and two emails were sent to maximize responses. See Supplementary Material for 

survey forms.  

 

2.4 Statistical Analyses 

Descriptive statistics were utilized to summarize patient demographics, region, physician years 

in practice, estimated number of movement disorder patients in practice, and estimated number 

of DBS candidates in region. We hypothesized that geographic location may predict perceived 

lack of access to care among all practitioners and patients, in addition to financial barriers with 

lack of available DBS implants among functional neurosurgeons. To test this hypothesis, a 

binary logistic regression analysis was planned to estimate lack of access to care, adjusting for 

geographic location, financial barriers, availability of DBS implants, and practitioners. In the 

event of low response rate, descriptive interpretation was used.  

 

Rurality was assumed for non-responses, based on answers to other questions, and answers were 

amended if the described region fitted different criteria than described by the respondent. For 

example, if the population of the municipality reported by the respondent had a population in 
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keeping with an urban centre, but the respondent reported the region as rural, data was corrected 

as such.  

 

To estimate prevalence in described populations, denominators were estimated based on 

populations reported by Statistics Canada for regions described by respondents, or catchment 

areas listed on health authority websites if described in that manner. For non-responders, 

prevalence was estimated based on other responses (i.e. “urban centre in New Brunswick” – the 

average population of the three urban areas in the province; Moncton, Saint John, Fredericton) 

was used. The numerators were mean responses from participants in each group or region. 

Intraclass correlation coefficients were calculated between groups (between all family 

physicians, between all neurologists, between all neurosurgeons, and between providers in each 

region) as measure of agreement between the stakeholders.  

 

Access was converted to values on a Likhert scale (1=No problem with access; 2=reasonable 

access; 3=poor access; 4=very poor access) and averaged for each province. Heat maps were 

produced with open access software found at heatmapper.ca 

 

Qualitative themes were extracted from open ended questions using open coding, utilizing in 

vivo coding, followed by axial coding, then selective coding to collate codes into potential 

themes. Themes were refined and named.  

 

3 RESULTS 
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A total of 220 responses were obtained from all stakeholder groups surveyed. Details of response 

rates are available in Table 1. 

 

3.1 Quantitative Responses 

3.1.1 Neurosurgeons 

A total of 12 responses (11 English, 1 French) were obtained from Canadian neurosurgeons, the 

majority practicing in Ontario (n=10), and less than 100km from a centre providing functional 

neurosurgery. Three neurosurgeons from Ontario and one from Quebec report performing DBS 

as part of their practice. All neurosurgeons practiced in urban areas. 

 

The majority of surgeons reported less than five unique patients are implanted with DBS devices 

monthly at their centre, with one surgeon in Ontario reporting 5-10 patients, and one surgeon in 

British Columbia reporting 10-20 unique cases per month.  

 

3.1.2 Neurologists 

A total of 22 responses (21 English, 1 French) were obtained from Canadian neurologists. The 

majority of respondents practicing in Ontario (54.5%), followed by British Columbia (22.7%), 

Alberta (18.1%), and Quebec (4.5%). All but one neurologist report practicing in urban centres 

(population greater than 30,000 or less than 30 minutes away from a community with a 

population of more than 30,000). The majority report an estimated distance for their patients to 

travel to access functional neurosurgery of less than 100km (77.2%). The exceptions to this were 

five neurologists reporting an estimated distance of 100-500km (AB n=2; ON n=3). Nearly half 
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of respondents were located within the Greater Toronto Area, Southwestern Ontario, or 

Southeastern Ontario.  

 

There were varied responses in terms of duration of practice, with many neurologists practicing 

for less than five years. Just over half of respondents report movement disorder sub-

specialization. Of surveyed neurologists, 77.27% report referring patients for DBS as part of 

their practice. 

 

3.1.3 Family Physicians 

A total of 30 responses (28 English, 2 French) were obtained from Canadian family physicians. 

Nearly half of all respondents were practicing in Ontario (33.33%), followed by Newfoundland 

and Labrador (20.0%), British Columbia (16.67%), and low responses from all other provinces 

with no responses from Prince Edward Island or the territories. The majority of family 

physicians practiced in urban centres (60.0%), and the greatest number report practicing for more 

than 20 years (36.67%), followed by 30.0% practicing for less than five years.  

 

In terms of distance required for patients to travel to see a functional neurosurgeon, a bimodal 

distribution was observed, with the majority of responses indicating either less than 100km or 

more than 1,000km. Nearly all family physicians reporting distances greater than 1,000km were 

from Newfoundland and Labrador (n=4), where all physicians reported patients would need to 

travel greater than 500km. The majority of responses indicating distances less than 100km were 

in Ontario (n=7) and British Columbia (n=4). All respondents in Ontario reported patients 

needing to travel less than 500km.  
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The majority (76.67%) of respondents reported having a poor understanding of indications for 

DBS. Of those reporting a good understanding of indications, when asked to describe the ideal 

candidate for DBS, no respondents were able to accurately describe a good candidate for the 

therapy, with examples of responses including “Parkinson’s disease” and “motor disorders”, 

without further descriptions. See Table 2 for details of demographics for all surveyed physicians. 

 

3.1.4 Patients/Caregivers 

A total of 153 responses were obtained by Canadians living with Parkinson’s disease, essential 

tremor, or primary dystonia and their loved ones. Of these respondents, 124 were patients, 13 

respondents were family members of patients living with one of the aforementioned movement 

disorders, and reported completing the questionnaire on behalf of themselves, and a further 10 

respondents were family members completing the questionnaire on behalf of a patient. Six 

respondents did not provide a description as to whether they were a patient or a family member.  

 

The majority of respondents were located in urban regions (70.59%), and 42.48% of respondents 

were living in Ontario.  

 

In terms of diagnoses, 41.18% of respondents were diagnosed with dystonia, 32.68% with 

essential tremor, and 25.49% with Parkinson’s disease. All respondents from Newfoundland and 

Labrador were living with Parkinson’s disease. Variable responses were obtained in terms of 

duration of disease, with 30.07% of respondents reporting diagnosis within the past five years.  
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The majority of patients report having been diagnosed by a neurologist (73.86%). Patients living 

in Alberta were most likely to be diagnosed by a family physician, with 41.18% of Albertan 

respondents reporting receiving their diagnosis from a family doctor as opposed to a neurologist. 

The majority of patients reported that no physician has ever discussed DBS with them (67.32%), 

and 5.88% of patients report never having heard of DBS at all. When questioned about interest in 

pursuing DBS if offered to them, nearly half of respondents (49.01%) stated that yes, they would 

be interested and 36.60% report that they are unsure if they would be interested in DBS as a 

therapy for their movement disorder.  

 

Of the 153 patient/caregiver respondents, 19 (12.42%) had previously undergone DBS. Of those 

that had received the therapy, the majority (63.16%) had been diagnosed for over two years prior 

to receiving DBS, and nearly all of those who received DBS waited over six months for DBS 

once they had been referred. Patients who had undergone DBS were more likely to live in an 

urban region, and the majority of patients were from either Ontario or British Columbia. See 

Table 3 for demographics of included patients/caregivers, and for comparison of patients who 

have undergone DBS with those who have not. Additionally, see Figure 1for geographic 

distribution of patients who had previously undergone DBS in the study population.  

 

3.1.5 Advocacy Groups 

A total of three responses were obtained from Canadians working for advocacy groups in one of 

the three movement disorders of interest (Parkinson’s disease, essential tremor, dystonia).  
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All responses were collected from individuals living in urban areas, with one each from 

Newfoundland and Labrador, Nova Scotia, and British Columbia. All respondents believed 

inadequate number of functional neurosurgeons and patient socioeconomic status were barriers 

to accessing DBS.  

 

3.2 Estimated Prevalence of Candidates for DBS in Canada 

Both family physicians and neurologists were surveyed to establish estimated prevalence of the 

movement disorders of interest in their region. Overall, family physicians estimated the median 

prevalence of patients with Parkinson’s disease in their region to be 0.25 % (range 0.0002-

28.6%), essential tremor 0.44% (range 0.0001-84.79%), and dystonia 0.17 % (range 0-35%). 

Neurologists reported a median estimated prevalence of Parkinson’s disease at 0.53% (range 

0.06-8.00%), essential tremor at 0.62% (range 0.03-16%), and dystonia at 0.03% (range 0.01-

0.8%).  

 

Additionally, physicians were surveyed regarding the estimated number of referrals for DBS at 

their respective centres, and to estimate how many of those referred patients go on to receive 

DBS.  

 

Of patients referred for DBS at their centre, five surgeons reported estimating that less than 10% 

of patients go on to receive DBS. The surgeon in Quebec estimated 25-50% of referred patients 

receive DBS, and the remainder of respondents in Ontario report 10-25% (n=1), 50-75% (n=1), 

and 75-100% (n=2).  
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Of neurologists surveyed, 77.27% reported referring patients for DBS themselves, and the 

majority report less than 10 monthly DBS referrals in their region, with 45.45% reporting less 

than five monthly referrals. Of these referrals, nearly half (45.45%) of respondents report less 

than 10% go on to receive DBS. 

 

The majority of family physicians reported estimating less than five patients are referred for DBS 

monthly in their region (80.0%), and 66.67% report that of referred patients, less than 10% go on 

to receive DBS. See Table 4 for comparison of estimated number of candidates and prevalence 

by medical specialty. 

 

There was a high degree of heterogeneity of responses with respect to prevalence estimates. 

Among family physicians, mean estimated prevalence ranged from less than 0.1% (0.1) for 

Parkinson’s disease in British Columbia and 4.32% in Ontario. This is compared with reported 

provincial prevalence for Parkinson’s disease ranging from 0.03% in New Brunswick and 

0.068% in Manitoba.  

 

Poor concordance existed between family physicians in each province, with family physicians in 

Alberta having the highest intraclass correlation at 0.82 (-6.003, 0.995). However, no province 

had mean estimated prevalence near the previously reported national prevalence (23). Poor 

understanding of variations of prevalence of the other two conditions of interest exists between 

provinces and territories in Canada, however, the large discrepancy between estimates and 

previously reported prevalence of Parkinson’s disease across Canada suggests the estimates for 

other conditions are likely inaccurate as well.  
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Neurosurgeons and neurologists were surveyed as to what the estimated number of candidates 

for movement disorders of interest would be for their respective regions. Neurologists estimated 

a mean prevalence of 0.03% (SD 0.06). There were variable responses between neurosurgeons, 

with 25% of neurosurgeons reporting estimating >500 DBS candidates with movement disorders 

in their region, and 17% reporting 10-25 candidates. It is notable that these were not reported as 

prevalence rates, but all neurosurgeons were practicing in urban locations. Similar distribution 

was observed among neurologists, where 27% reported estimating 10-25 candidates in their 

region and 23% estimating 100-200 candidates.  

 

3.3 Perceived Access to DBS 

Additionally, all respondents reported on their perception of access to DBS in their region.  

The majority of participants in each physician stakeholder group reported very poor or poor 

access to DBS in their region. For neurosurgeons, the poorest access was reported in Quebec and 

British Columbia (See Figure 1 for further details). Among family physicians, 16.7% reported 

adequate access to this service, all of whom practiced in urban settings in either Ontario (n=4) or 

Alberta (n=1).  

 

Of included patients and caregivers, 35.29% reported very poor access to this service, and 

32.02% reported reasonable access. Those who reported very poor access were primarily from 

Newfoundland and Labrador, where all patients reported either very poor or poor access to DBS. 

Those reporting adequate access to DBS were living in Ontario, with 36.92% of Ontarian 
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respondents reporting reasonable access. See Figure 2 for details of perceived access by 

stakeholders. 

3.4 Barriers to Access 

All participants were asked to select all factors they believe are barriers to delivery of DBS in 

their region from two lists of either systemic or cultural/socioeconomic patient factors. The 

systemic factors listed included geographic location, inadequate number of functional 

neurosurgeons, inadequate number of specialists to complete assessment prior to referral to 

neurosurgeon, poor understanding of indicators limiting referral, inadequate access to operative 

time for surgeons, inadequate device funding, and other. Cultural or socioeconomic patient 

factors included patient ethnicity, patient socioeconomic status, patient gender, and other.  

 

The most commonly reported barrier across all physician groups was inadequate number of 

specialists to complete initial assessments (neurosurgery 75%; neurology 77.27%; family 

medicine 70%). It was also the second most commonly reported barrier among patients and 

caregivers (35.95%).  

 

The second most commonly reported barrier for neurologists (59.09%) and family physicians 

(66.67%) was inadequate number of functional neurosurgeons. Additionally, this was the most 

commonly reported perceived barrier for patients and caregivers (40.52%). For neurosurgeons, 

however, this inadequacy was the third most frequently reported barrier, along with inadequate 

access to operative time for surgeons and poor understanding of indications limiting referral.  
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Access to subspecialist care (both functional neurosurgery and movement neurologists for initial 

assessments) were more frequently reported among patients and caregivers in Ontario and British 

Columbia, compared with Atlantic Canadians, who most commonly perceived geographic 

location as a barrier to access (73.33% of participants from Newfoundland and Labrador; 

66.67% of participants from Nova Scotia; 60.0% of New Brunswick participants).  

 

Geographical location was reported as a barrier by 43.33% of family physicians surveyed, 

however all family physicians in Newfoundland and Labrador reported geographical location 

and access to specialists as barriers. Geographical location was reported as a barrier by 45.45% 

of neurologists and only 16.67% of neurosurgeons. Again, all specialists surveyed reported 

practicing in urban areas.  

 

Specialists did not commonly perceive poor understanding limiting referral as a barrier (40.90% 

of neurologists, with the same proportion reporting inadequate device funding as a barrier, and 

41.67% of neurosurgeons). However, family physicians frequently reported a lack of 

understanding of indications for DBS, and 60% of family physicians surveyed did report lack of 

understanding as a barrier to patient access to DBS. Additionally, the majority of Ontario family 

physicians reported this factor as a barrier to access.  

 

In terms of cultural and socioeconomic patient factors, socioeconomic status was the most 

commonly reported barrier among all groups surveyed (neurosurgery 50%; neurology 63.64%; 

family medicine 43.33%; patients/caregivers 22.22%; advocacy groups 100%).  
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Ethnicity and gender were far less commonly reported across all groups. Family physicians in 

from urban areas did commonly report ethnicity as a barrier. Gender was uncommonly reported 

across all groups, with no neurosurgeons reporting gender as a barrier to access. See Table 5 for 

summary of perceived barriers by stakeholder group.  

 

3.5 Qualitative Themes 

Four themes emerged from all stakeholders surveyed, including Education, Limited 

Resources/Centralization of Resources, Patient Factors and Referral Process. Ideas from four of 

five surveyed groups fit into these themes. See Table 6 for summary of themes and associated 

ideas for each group. 

 

An insufficient number of advocacy group responses were available to generate qualitative 

themes; however, ideas were expressed regarding poor understanding of dystonia as a barrier to 

accessing treatment, and that limited resources and availability of DBS in some regions present 

physical and financial challenges to patients that require travel to access the service.  

3.5.1 Education 

All stakeholder groups for which qualitative analysis was possible reported ideas related to the 

concept of education. Ideas related to education from neurosurgeons include the concept that 

DBS is a good treatment that is underutilized due to lack of understanding of the treatment, 

stigma related to undergoing brain surgery, biases for pharmacological therapy, and delayed 

referrals due to poor understanding of the existence of this therapy.  
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Ideas from neurologists surveyed include physician understanding, with the notion that education 

around indications and follow-up for these patients would be beneficial for non-movement 

disorder neurologists, and that there exists an overestimation of surgical risk, with under 

appreciation of the value of DBS. This lack of education leads to a lack of timely referral of 

patients who may be good candidates for DBS.  

 

Ideas surrounding education among family physicians primarily focused on physician 

understanding and misunderstandings about DBS. For example, many family physicians reported 

“know(ing) very little on this subject”, being unsure of available centres and indications, and the 

invasiveness of DBS as a therapy. In terms of misunderstanding, family physicians echoed 

similar statements regarding uncertainty of availability of the service. For example, one 

physician reported that patients in their region (New Brunswick) would have to travel to Ontario 

for DBS, however the treatment is available in Nova Scotia, which is significantly closer.  

 

For patient and caregiver participants, concepts related to education include patient 

understanding (for example, a number of patients reported uncertainty about what DBS is) 

misconceptions (such as the idea that DBS is not offered in Canada, or only in Ontario, and that 

it is only used as a “last resort”), physician understanding (including delayed diagnosis as a result 

of unfamiliarity on behalf of physicians), and that DBS is not discussed with patients as a 

potential therapy. Themes around education were most commonly reported by patients in 

Quebec, Ontario, and British Columbia, as well as in patients with essential tremor and dystonia.  

 

3.5.2 Limited Resources and Centralization of Available Resources 
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All stakeholder groups for which qualitative analysis was possible reported ideas related to 

limited resources and centralization of available resources as a barrier to accessing DBS. 

Neurosurgeons identified ideas related to specific resources, specifically scarcity of movement 

disorder neurologists and device funding, centralization of access to larger cities, and presence of 

long wait times (reported as 2-3 years).  

 

Ideas shared by neurologists related to this theme can be further broken down into limitations on 

number of patients/implants available for year provincially, limited access to alternative 

therapies such as high intensity focused ultrasound, limited access to specialists (neurologists, 

functional neurosurgeons), limited operating room availability, limited access to specialized 

nursing care and neuropsychology, and the consequences of centralization of services, including 

travel, limited funding directed to regions to regions outside of major centres, long wait lists 

resulting in medical complications while patients wait for surgical assessment, and that access to 

DBS may be improved by increasing utilization of virtual care.  

 

Family physicians reported frustration with the limited number of patients that may receive DBS 

annually per province, that they have referred patients who are not deemed eligible after 

significant delay and inconvenience to the patients to undergo formal assessment, and reluctance 

to refer patients given significant burden of travel for initial assessment.  

 

Ideas from patient/caregiver responses related to limited resources include long wait times, with 

patients reporting waiting for six months to four years for specialist appointments, a lack of 

availability in some regions (Newfoundland and Labrador, New Brunswick, Southwest Ontario, 
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Manitoba, and Mainland British Columbia), lack of specific resources in regions (including 

neurologists, movement disorder specialists, functional neurosurgeons, family physicians, 

interpreters, social support groups, treatment and counselling, device restrictions, operative time 

and hospital beds). Additionally, patients and caregivers identified ideas about the impact of 

COVID-19 on the delivery of functional neurosurgery. Ideas related to the theme of limited 

resources among patients and caregivers were most commonly reported in Atlantic provinces and 

in patients with Parkinson’s disease.  

 

In patients and caregivers, ideas relating to centralization of services include the perception of 

access in larger cities, whether access is truly available or not, the burden of travel and 

transportation on accessing functional neurosurgery, and the cost associated with travelling for 

appointments. Ideas relating to centralization were most commonly reported in Ontario, British 

Columbia, Alberta, and Atlantic provinces.  

 

3.5.3 Patient Factors  

Neurologists described a number of patient factors that limit access to DBS on an individual 

level. Primarily socioeconomic status in that patients may not be able to travel or obtain 

transportation for multiple appointments, even if they live close to a major centre. This burden is 

greater in populations who live further away from major centres where DBS is offered. 

Additionally, social support and language barriers were reported to affect access to DBS for 

patients.  
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Patients also cited personal factors as reasons they had not previously considered DBS, including 

mild symptoms or adequate medical management, advances age, or that they have learned to 

cope with their disease. Some patients reported no interest in pursuing DBS as they have a fear 

of undergoing surgery.  

 

3.5.4 Referral Process 

Family physicians described frustration with obtaining any specialty assessment for their 

patients, with onerous referral processes for patients living with movement disorders. This was 

not described for other stakeholder groups surveyed.  

 

See Figure 3 for summary of barriers across referral pathway for DBS in patients with movement 

disorders.  

 

4 DISCUSSION 

Previous attempts have been made to describe access s to DBS, utilizing retrospective data from 

patients who have received DBS previously, and attempting to determine what facilitators exist 

in that population of patients that lead them to being successful in obtaining the service (3–

6,10,11,20,24). This approach has considerable limitations, as these patients have already 

overcome barriers to receiving DBS. Additionally, this approach is unable to estimate the true 

prevalence of candidates for this service. Without understanding the number of individuals 

seeking therapy, an understanding of access cannot be achieved. Therefore, this study attempts to 

estimate the prevalence of candidates for DBS in the Canadian population, and understanding 
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barriers to accessing DBS from a population of primarily potential candidates for DBS and the 

healthcare providers treating these patients.  

 

Although limited in number of responses, the representativeness of the Canadian population in 

patient responses is fair in terms of proportion of responses by province/territory. There is 

overrepresentation of patients/caregivers from Newfoundland and Labrador (9.8% of responses 

compared with 1.4% of Canadian population from NL(25)), and underrepresentation of 

respondents from Quebec (5.9% of responses vs. 22.2% of the Canadian population (25)), in 

spite of the survey being offered in both French and English. Unfortunately, there were no 

responses from Prince Edward Island, Yukon, Northwest Territories, or Nunavut. It is important 

to consider these patient perspectives, given the likely poor access to care in these regions 

(26,27), however low response rates may be expected, given the low populations in these areas 

(0.4% of the Canadian population for PEI, and 0.1% of the national population in each of the 

territories (25)). All other regions were represented within 2% of the national proportion of the 

population residing in the respective provinces.  

 

In terms of physician groups, family physicians from Newfoundland and Labrador are again 

over-represented (20% of respondents compared with the 2.1% of Canadian family physicians 

practicing in NL), Quebec is again under-represented (3.3% of responses vs. 24.4% of Canadian 

family physicians (28)), and Alberta is under-represented (6.6% of respondents vs. 13.0% (28)). 

All other regions are within 4% of the proportion of Canadian family physicians for each 

province and territory. Again, no responses were obtained from family physicians practicing in 

Prince Edward Island (0.4% of Canadian family physicians (28)) or the territories, which 
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collectively represent 0.3% of family physicians in Canada (28) . The overrepresentation of 

physicians from Newfoundland and Labrador may have resulted from an active Parkinson’s 

society in the province, with advocates eager to promote improved access in the region, as 

indicated by their contact with us in early stages of study design. Although we attempted to 

promote recruitment in Quebec through inclusion of French language studies, this may have not 

been clear to potential participants, as English language information about the study was 

presented prior to French study information in all correspondence.  

 

Both neurology and neurosurgery were severely limited in responses, with only 22 neurologists 

responding from four provinces, and only 12 neurosurgeons responding from three provinces. 

This paucity of data from regions of Canada with probable limited access signifies an important 

missing voice in this narrative. While multiple attempts were made at recruiting participants 

from these groups, including two faxes and two separate emails, the low response rate may have 

been a result of recruitment strategies. Many physicians and surgeons receiving faxes would 

need to be provided the faxed information by administrative personnel in many office settings. 

Previous research suggests that physicians are more responsive to mail surveys, and that 

response rates to email are traditionally in the range of 25-30%, due to survey fatigue, competing 

demands, and privacy concerns (29). Additionally, nearly all responses from neurologists and 

neurosurgeons are from practitioners in urban settings. Barriers identified by these physicians 

and surgeons may be vastly different from those in rural settings elsewhere in the country. It is 

important to note, however, that of all groups surveyed, neurologists and neurosurgeons see 

patients who have already overcome many barriers to access specialist services, and the ability of 

these specialists to identify barriers to care may be skewed as a result. The ideas obtained from 
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family physicians and patients/caregivers are likely a more realistic picture of access to DBS in 

Canada.  

 

4.1 Prevalence of DBS Candidates Nationally 

Estimation of prevalence of DBS candidates was limited by response rate within respondent 

groups. A previous international study by Dewan et al (2018) utilized surveys of neurosurgeons 

to estimate the proportion of patients with a number of neurologic diseases that warrant 

neurosurgical consultation or operative management and found high concordance rates between 

clinicians regarding estimates (22). Estimates in the present study had low concordance, which 

may be a result of low response rate across all included specialties. Prevalence rate estimates 

were likely inaccurate as a result. Family physicians in particular, frequently reported “I don’t 

know” as a response to the request for estimates. This was more common for dystonia and 

essential tremor than Parkinson’s disease.  

 

Additionally, prevalence rate was calculated by estimating the denominator of the prevalence 

based on descriptions of the region provided by respondents. As such, respondents may have had 

a smaller population in mind when describing the number of patients in their region, thus leading 

to a lower prevalence estimation used in the study. This approach was taken to limit the 

identifiability of respondents per ethics recommendations. In future studies, we would suggest 

asking respondents to provide a numerical value of the population they are thinking of when 

estimating prevalence.  
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Physicians were also queried to estimate the number of patients referred for DBS monthly in 

their region. The majority of respondents estimated less than five patients are referred for DBS in 

their region each year. It is likely that neurologists would have the greatest ability to estimate 

these numbers given their patient population, but it is interesting that neurologists from the most 

populous province in Canada (Ontario) estimated fewer referrals than other regions. Nearly all of 

the neurosurgeons surveyed were practicing in Ontario, with results consistent with those 

obtained from neurologists. It is therefore possible that there are a greater number of referrals in 

Western Canada for DBS, even though British Columbia has been reported to have a lower DBS 

rate compared with the national average (80%), and Alberta has a similar rate to Ontario when 

compared with the national average (120% vs. 126%, respectively). This would be a 

consideration for future work, as poor referral rate was mentioned across physician groups as a 

barrier to accessing DBS across Canada, and identification of regions with lower referral rates, 

and improving referral patterns would thereby improve access to DBS for patients.  

 

Many respondents across all provider groups estimated that less than 10% of referred patients 

ultimately undergo DBS. However, the four neurosurgeons surveyed that reported performing 

DBS themselves reported much higher estimations. Neurologists and family physicians more 

frequently reported lower proportions of referred patients undergoing DBS, but neurologists 

specializing in movement disorders did more often estimate a higher proportion of patients 

referred would ultimately undergo surgery. Those more likely to formally assess potential 

candidates for DBS or ultimately perform surgery were therefore more likely to estimate that 

referred patients are implanted. One previous American study found that approximately half of 
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referred patients for DBS were found to be good candidates for surgery (30), consistent with our 

findings.  

 

Estimates of number of candidates for DBS with movement disorders in each region were 

variable for both neurologists and neurosurgeons, with no discernable pattern. Again, perhaps 

having respondents quantify prevalence as a percentage of their population, or have them better 

define their population, may provide more accurate estimates.  

 

4.2 Qualitative Themes 

There was considerable overlap in ideas obtained from all groups. All groups identified themes 

around limited resources and centralization of resources. This was thought to be a common 

concern regarding travel as a barrier to access for patients, and the costs associated with travel. 

Additionally, respondents from every group expressed concerns about long wait times and the 

impact of a limited number of movement disorder specialists and functional neurosurgeons. All 

respondent groups also shared similar concerns about the need for education of patients and care 

providers regarding diagnosis and treatment of movement disorders, and the benefits and 

availability of DBS along with its indications.  

 

In general, concerns regarding travel and lack of resources were more commonly expressed in 

respondents from Atlantic Canada and patients with Parkinson’s disease, although the increased 

reporting of this concern in patients with Parkinson’s may be due to the high number of 

Parkinson’s disease patients/caregivers from Newfoundland and Labrador in our study 
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population. Therefore, it may be a reflection of a regional concern as opposed to disease-specific 

issues.  

 

Ideas surrounding education were more common in Central Canada and British Columbia, as 

well as patients with essential tremor and dystonia. It is possible that these regions have better 

access to DBS (or at least the perception of better access), and therefore individuals are able to 

identify additional barriers beyond geographic and unavailability of services in their region. 

These themes may also be more common in essential tremor and dystonia as these diagnoses 

may be more poorly understood than Parkinson’s disease. This is supported by family physician 

responses, where fewer respondents provided estimates for prevalence of these two conditions 

than Parkinson’s disease, and commonly responded with comments like “I have no idea” when 

asked about these two diagnoses.  

 

4.3 DBS Patients Surveyed 

Included patients that have undergone DBS were not reflective of previously reported access to 

DBS. For example, 13% of patients receiving DBS in our study were residing in Newfoundland 

and Labrador, the province that has historically had the poorest access to this service, with one 

previous retrospective study of all DBS patients in Canada over a two year period reporting 

0.006% of their cohort from Newfoundland and Labrador. This over-representation from NL 

may be a result of an enthusiastic Parkinson’s disease advocacy group in the region that 

effectively recruited patients to the study.  
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Nearly all patients who had received DBS in this study received their formal diagnosis from a 

neurologist, as opposed to family physician. It is likely that neurologists have better 

understanding of indications and availability of DBS, and are therefore more likely to refer 

appropriate candidates. Literature supports the notion that movement disorder specialists are 

more likely to refer good candidates for DBS than other providers (30), so access to neurology 

and specifically movement disorder neurologists, is likely an important facilitator for accessing 

DBS.  

 

In terms of timeline for diagnosis and treatment of these patients, nearly all patients reported 

being diagnosed greater than five years ago, with most being diagnosed greater than 20 years 

ago. Most patients report experiencing symptoms between 1-5 years prior to diagnosis. Once 

diagnosed, the majority of these patients were referred for surgery greater than two years after 

diagnosis, and underwent surgery more than six months after referral, with 40% of patients 

reporting a period greater than two years between patient referral and surgical implantation. 

Qualitative responses from all groups indicate waitlists of 2-5 years for DBS across Canada. It is 

unclear at what time patients who received DBS were implanted, so it is possible that delays 

associated with Covid-19, or any other number of factors, have increased wait list times since 

these patients underwent surgery. This is one area for future research to determine duration of 

waitlists and solutions to decrease surgical wait times for DBS patients.  

 

4.4 Proposed Solutions 
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A number of policy changes are required to address access to DBS in Canada, with varying 

approaches between regions of the country. See Table 7 for facilitators and barriers to access 

identified in each of the five regions of Canada.  

 

The first potential solution that comes to mind when considering increasing access to DBS is 

increasing available resources, including the number of movement disorder specialists and 

functional neurosurgeons in Canada. Of course, this would ameliorate some of the burden of 

waitlists and, to some extent, travel for individual patients, however beyond increasing the 

number of providers in population-dense regions with access to supporting resources required for 

a successful DBS program, this would not decrease the burden of travel and expenses for 

Canadians living in isolated regions of our country.  

 

One frequently cited barrier, and one identified in previous literature (21), is provincial caps on 

the number of DBS implants available annually. All provinces except Saskatchewan and Nova 

Scotia have a limited amount of funding allocated to implants annually. By removing this 

restriction, Saskatchewan has been able to have the best access to DBS in Canada (21). Previous 

studies have shown that DBS is a cost-effective treatment strategy compared with best medical 

therapy alone, when considered over the lifetime of implanted patients. DBS has been shown to 

decrease medication costs, as well as hospitalizations and delay institutionalization of patients 

living with movement disorders, even accounting for costs of potential complications and 

hardware replacements (31). Therefore, providing increased access to operative time and 

implants at a provincial level may be a cost-effective approach that would, in turn, increase 

access to this beneficial therapy.  
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Increasing physical resources would not improve access to Canadians living outside of major 

cities, and in regions like Atlantic Canada, Manitoba, and Northern Canada, where patients must 

travel long distances for multiple appointments (assessments, surgical bookings, follow-up, 

reprogramming), and have limited to no access to emergency neurosurgical care should 

complications arise. In these cases, increased use of telemedicine may provide improved access 

to patients. The Covid-19 pandemic necessitated the use of telemedicine for many providers. 

Available literature suggests telemedicine provides an effective alternative to in-person care for 

patients living with movement disorders (16,17). Patients were able to access care for surgical 

assessments, follow-ups, and undergo re-programming, all without the inconvenience and costs 

incurred by travelling. Creation of telemedicine movement disorder clinics throughout the 

country may be an alternative to current healthcare allocation strategies, to ensure access to care 

is improved for all Canadians. Increasing funding to provide travel stipends to patients may 

alleviate some of the financial burden reported as a barrier to accessing this service as well.  

 

It was very clear that improved education is required for patients and practitioners regarding 

diagnosis of movement disorders, indications for DBS, and how to access these services. Among 

family physicians, 76.7% reported not having a good understanding of indications for DBS, and 

among the seven family physicians reporting that they did have a good understanding, when 

asked to describe the ideal candidate for DBS, responses were vague (i.e. “someone with 

Parkinson’s”) or incorrect, with many family physicians believing the ideal candidate would be a 

patient with medically refractory symptoms, or that surgery is a “last resort”. These beliefs were 

reiterated by patient comments that they have been given similar information from physicians. 
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Providing education both to patients and care providers about indications for DBS would help 

ensure more potential candidates for this efficacious therapy are screened and potentially 

assessed for DBS.  

 

Previous literature has described the ideal candidate for DBS in Parkinson’s disease as having a 

disease duration of at least five years, allowing atypical forms of parkinsonism to manifest, that 

they should have a positive response to levodopa (defined as a greater than 30% improvement in 

Unified Parkinson’s disease rating scale motor score), and should not have pre-existing dementia 

or severe depression. Additionally, patients should undergo magnetic resonance imaging to rule 

out secondary diagnosis or structural concerns, and should be medically optimized (32). Both 

patients and family physicians frequently cited age as an exclusion criteria for DBS, however 

while evidence suggests younger patients may have improved outcomes, there is no formal age 

cut off for the procedure (32). For essential tremor and primary dystonia, patients should have 

one of these diagnoses with symptoms that interfere with the patient’s quality of life and 

functionality, intact cognition, and absence of severe psychiatric illness (30). For all diagnoses, 

patients should have realistic expectations about what symptoms can be improved by DBS, and 

should be willingness to participate in surgery.  

 

With respect to willingness to participate in surgery, few patients reported fear of surgical 

intervention as a reason they would be unwilling to undergo DBS. The availability of 

“incisionless” lesioning procedures (for example, magnetic resonance imaging guided high 

intensity focused ultrasound) should also be explained, providing the understanding that these 
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procedures are also invasive with potential complications, and cause permanent brain lesions, 

compared with DBS, where stimulation can be switched off.  

 

Combining the above approaches would require significant collaboration. Although the Canada 

Health Act stipulates that individual provincial/territorial governments are responsible for 

overseeing and carrying out the principles of the Act in their respective region, national 

collaboration may be warranted to improve access across Canada. Providing educational 

resources and clear referral pathways in each region with a regional triage system would ensure 

patients residing in provinces/territories without access to this service would have the ability to 

be referred to a centralized service for their region. For example, a patient living in 

Newfoundland and Labrador could, in collaboration with their family physician, receive referral 

to an expanded virtual movement disorder assessment clinic in Halifax, responsible for screening 

and triaging patients to determine if more comprehensive assessment is warranted. Literature 

suggests that patients referred for DBS by movement disorder specialist neurologists were more 

likely to be good candidates for DBS than patients referred from other providers (30). Therefore, 

ensuring patients are first assessed by movement disorder specialists, both for diagnosis, 

therapeutic optimization, and determination of candidacy, would ensure smooth referral pathway 

flow for patients.  

 

Further investigation is required to better understand how the prevalence of DBS candidates 

varies across Canada. Currently, no national database exists to answer this question. It is possible 

that estimation using expert opinion could be utilized if higher response rates could be achieved. 

Additionally, requiring respondents to define the population they are considering when 
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estimating prevalence may be beneficial. Improved understanding of the distribution of 

prevalence of these conditions is critical. Particularly for essential tremor and dystonia, for which 

we do not have granular data for provincial/territorial prevalence. It is impossible to 

comprehensively assess access to a service without an in depth understanding of the candidates 

for that service, defining the need for it to determine if that need is being met.  

 

4.5 Limitations 

A number of limitations exist for the current study. Firstly, biases inherent to survey studies, 

including reporting bias and issues with response rate.  

 

A primary aim of this study was to determine the prevalence of candidates for DBS across 

Canada. Unfortunately, due to the limited number of responses estimating prevalence of the three 

conditions of interest and estimating prevalence of candidates for DBS, low concordance rates 

exist between practitioners. As a result, confidence in these estimates is very low. Additionally, 

respondents did not clearly describe the population for which they were estimating prevalence. 

This introduces additional estimation error that could be avoided if strictly numerical responses 

were provided.  

 

5 CONCLUSION 

This study utilized mixed methods surveys of stakeholders for DBS in Canada to attempt to 

estimate prevalence of candidates for DBS among patients diagnosed with movement disorders 

across Canada in addition to identifying barriers to accessing DBS. This was in attempt to 

address limitations of previous studies investigating access to DBS in Canada, that were not able 
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to define the need for this service and match access to determine its adequacy. A number of 

themes were generated, describing the beliefs of stakeholders for DBS in Canada regarding 

barriers, including limited resources/centralization of resources, education, individual patient 

factors, and burdensome referral processed were determined to be common barriers to accessing 

DBS. We propose improving education, centralized referral pathways, and the use of virtual care 

to improve access to DBS across Canada, and further research to determine the true prevalence 

of candidates for this therapy to better understand variability in the need for this service across 

the country.  
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FIGURES 

Figure 1: Geographical Distribution of Patients Previously Having Undergone Deep Brain 
Stimulation 
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Figure 2: Perceived Access to Deep Brain Stimulation Across Canada by Respondent Group 
A) Perceived Access by Neurosurgeon Respondents; B) Perceived Access by Neurologist 
Respondents; C) Perceived Access by Family Physician Respondents; D) Perceived Access by 
Patient and Caregiver Respondents 
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Figure 3: Summary of Referral Pathway for Patients and Associated Barriers 
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TABLES 

Table 1: Response Rates Among Respondent Groups 

Respondent 
Group 

Means of 
Contact 

Potential 
Respondents 

Actual 
Respondents 

Response 
Rate 

Patients and 
caregivers 

Parkinson QC 8,673 via 
newsletter 

153 
(146 English, 7 
French) 

0.6% 

Parkinson NL 200 via email 
Parkinson NS 60 via Facebook 
Parkinson Canada 13,000 via 

newsletters, email 
lists, website 

International 
Essential Tremor 
Foundation 

788 in Canada via 
email 

Dystonia Canada 1,700 via email 
Advocacy groups Parkinson QC 1 3 

(3 English) 
50% 

Parkinson NL 1 
Parkinson NS 1 
Parkinson Canada 1 
International 
Essential Tremor 
Foundation 

1 

Dystonia Canada 1 
Family Physicians Scott’s Info 

database and 
electronic faxing 
service 

17,442 30 
(28 English, 2 
French) 

0.17% 

Neurologists Scott’s Info 
database and 
electronic faxing 
service 

855 22 
(21 English, 1 
French) 

3.57% 

Canadian 
Neurological 
Sciences 
Federation 

700 staff members 
between neurology 
and neurosurgery 

Publicly available 
email 

457 

Neurosurgeons Scott’s Info 
database and 
electronic faxing 
service 

231 12 
(11 English, 1 
French) 

5.04% 

Canadian 
Neurological 

700 staff members 
between neurology 
and neurosurgery 
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Sciences 
Federation 
Publicly available 
email 

238 
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Table 2: Demographics of Physician Respondent Groups 

Survey Questions Neurosurgery 
N=12 

Neurology 
N=22 

Family 
Medicine 

N=30 
Province/Territory Newfoundland and 

Labrador 
0 0 6 

Nova Scotia 0 0 1 
Prince Edward Island 0 0 0 
New Brunswick 0 0 2 
Quebec 1 1 1 
Ontario 10 12 10 
Manitoba 0 0 1 
Saskatchewan 0 0 2 
Alberta 0 4 2 
British Columbia 1 5 5 
Territories 0 0 0 
No response 0 0 0 

Urban vs. rural Urban 12 16 18 
Rural 0 1 12 
No response 0 5 0 

Duration of practice <5 years N/A 7 8 
5-10 years 3 6 
10-20 years 6 5 
>20 years 5 11 
No response 1 0 

Movement disorder/functional neurosurgery 
subspecialisation 

Yes 4 12 N/A 
No 8 10 

Distance required for patients to travel to see a 
functional neurosurgeon 

<100km 7 17 14 
100-500km 4 5 7 
500-1000km 1 0 3 
<1000km 0 0 6 
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Table 3: Demographics of Patient and Caregiver Respondents 

Survey Questions  Previously 
received DBS 
(N=19) 

Have not 
received DBS 
(N=134) 

Total 
(N=153) 

Participant description Patient 15 109 124 
Family member of patient participating on own behalf 1 12 13 
Family member of patient participating on behalf of patient 2 8 10 
No response 1 5 6 

Region Newfoundland and Labrador 2 13 15 
Nova Scotia 0 6 6 
Prince Edward Island 0 0 0 
New Brunswick 2 3 5 
Quebec 0 9 9 
Ontario 7 58 65 
Manitoba 2 3 5 
Saskatchewan 1 3 4 
Alberta 1 16 17 
British Columbia 4 19 23 
Territories 0 0 0 
No response 0 4 4 

Urban vs. Rural Urban 15 93 108 
Rural 4 35 39 
No response 0 6 6 

Diagnosis Parkinson’s disease 6 33 39 
Essential tremor 3 47 50 
Dystonia 10 53 63 
No response 0 1 1 

Time since diagnosis <5 years 1 45 46 
5-10 years 5 36 41 
10-20 years 5 27 32 
>20 years 8 24 32 
No response 0 2 2 

Duration of symptoms 
prior to diagnosis 

<6 months 1 9 10 
6 months-1 year 4 17 21 
1-2 years 6 31 37 
2-5 years 5 37 42 
5-10 years 2 14 16 
>10 years 1 24 25 
No response 0 2 2 

Diagnosing physician Neurologist 17 96 113 
Family physician 2 35 37 
No response 0 3 3 

Physician ever discussed 
DBS with patient/family 

Yes 17 31 48 
No 1 102 103 
No response 1 1 2 

Interested in pursuing 
DBS if offered 

Yes Not applicable 56 75 
No 13 13 
Unsure 56 56 
Have never heard of DBS 9 9 
No response/Not applicable 0 19 

Of those who had 
received DBS, duration 

<6 months 0 Not applicable 0 
6 months-1 year 1 1 
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between diagnosis and 
referral for surgery 

1-2 years 5 5 
>2 years 12 12 
No response/Not applicable 0 135 

Of those who have 
received DBS, duration 
between referral and 
implantation 

<6 months 1 Not applicable 1 
6 months-1 year 7 7 
1-2 years 5 5 
>2 years 6 6 
No response/Not applicable 0 134 
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Table 4: Prevalence Estimates for Movement Disorders of Interest Among Physician 

Respondent Groups 

Survey Questions Neurosurgery 
(N=12) 

Neurology 
(N=22) 

Family Medicine 
(N=30) 

Estimated prevalence of Parkinson’s disease in region*  Median 0.53% 
Range 0.06-8.00% 
N=19 

Median 0.25% 
Range 0.0002-28.26% 
N=22 

Estimated prevalence of essential tremor in region* Median 0.62% 
Range 0.03-16.00% 
N=19 

Median 0.44% 
Range 0.0001-84.79% 
N=22 

Estimated prevalence of dystonia in region* Median 0.03% 
Range 0.01-0.80% 
N=18 

Median 0.17% 
Range 0-35% 
N=17 

Estimated number of new referrals 
for DBS in region 

<5  10 24 
5-10 7 2 
10-20 4 1 
20-30 0 2 
No response 1 1 

Of patients referred to centre, 
estimated percentage that go on to 
receive DBS 

<10% 5 10 20 
10-25% 1 2 2 
25-50% 1 7 3 
50-75% 1 1 1 
75-100% 2 1 0 
No response 2 1 4 

Estimated new DBS patients 
implanted at their centre per 
month 

<5 9   
5-10 1 
10-20 1 
No response 5 

Estimated number of DBS 
candidates with movement 
disorders in region 

<10 1 0  
10-25 2 6 
25-50 0 2 
50-75 1 2 
75-100 0 0 
100-200 1 5 
200-500 1 2 
>500 3 5 
No response 3 0 
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Table 5: Summary of Perceived Barriers Among Respondent Groups 

Barriers Neurosurgeons 
(n=12) 

Neurologists 
(n=22) 

Family 
Physicians 
(n=30) 

Patients/Caregivers 
(n=153) 

Advocacy 
Groups 
(n=3) 

Inadequate number of specialists to complete 
initial assessment 

75.00% 77.27% 70.00% 35.95% 66.67% 

Inadequate number of functional neurosurgeons 41.67% 59.09% 66.67% 40.52% 100% 
Inadequate device funding 58.33% 40.91% 30.00% 23.53% 0 
Inadequate access to operative time for surgeons 41.67% 54.55% 26.67% 32.03% 66.67% 
Geographical location 16.67% 45.45% 43.33% 32.68% 66.67% 
Poor understanding of indications limiting referral 41.67% 40.91% 60.00% 30.07% 33.33% 
Patient socioeconomic status 50.00% 63.64% 43.33% 22.22% 100% 
Patient ethnicity 25.00% 31.82% 10.00% 4.58% 0 
Patient gender 0 4.54% 3.33% 4.58% 33.33% 
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Table 6: Summary of Qualitative Themes Among Respondent Groups 
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Table 7: Regional Summary of Barriers and Facilitators to Accessing Deep Brain Stimulation 
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CHAPTER 4: Canadian Access to Deep Brain Stimulation for Movement Disorders: A 
Nationwide Retrospective Study 
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ABSTRACT 

Background 

The public healthcare system in Canada aims to provide accessible, medically necessary care to 

all Canadians. However, vast geography with sparsely populated Canadian presents unique 

challenges  to this goal, that has become increasingly difficult with increasing complexity of 

healthcare as a result of improving technology and an aging population, as is the case with deep 

brain stimulation (DBS) for movement disorders. 

The current study aims to define current access to DBS for movement disorders in Canada 

through the use of retrospective data from each of the 15 Canadian centres offering this service. 

Additionally, we aim to compare current access to that reported by Honey et al in 2018, to 

determine if improvements have been made in providing this therapy to patients who need it, and 

to determine the  impact of the COVID-19 pandemic on delivery of DBS nationally, in terms of 

decrease in number of cases and recovery of delivery throughout the pandemic. Finally, similar 

to Honey et al, this study aims to determine if factors such as gender, socioeconomic status, 

indication, or geographic location impact patients’ ability to access DBS. 

 

Methods 

A multi-centre, retrospective cohort study was conducted, utilizing retrospectively collected data 

from each of the 15 centres across Canada that offer DBS. Descriptive statistics were used to 

demonstrate the distribution of DBS cases across the country, and to compare socioeconomic 

status, age, gender, and proportion of minority populations in regions where patients reside.  

 

Preliminary Results 
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A total of 162 patients have been included thus far from four sites (Queen Elizabeth II Health 

Sciences Centre, Halifax; Centre Hopital University de Sherbrooke, Sherbrooke; London Health 

Sciences, London; Centre Hospitalier de l’Universite de Montreal, Montreal). The majority of 

these patients were male, with a mean age of 62.41 years. The majority of cases were for 

Parkinson’s disease (69.29%), and patients were found to reside in areas with higher than 

provincial median household income and the majority resided in areas with lower than provincial 

average minority population rate. Newfoundland and Labrador was found to have the poorest 

access to DBS per capita among included provinces. DBS cases decreased by approximately 

50% in the first year of the COVID-19 pandemic, and had not recovered by 2022 to a point 

where the surgical backlog created can be adequately addressed. 

 

Conclusions 

Preliminary findings suggest that access to DBS has not improved since the publication of the 

study by Honey et al (2018), and that access was negatively affected by the COVID-19 

pandemic, as is the case for nearly all surgical disciplines. Significant policy change at a 

governmental level is required to address the deficit in access to DBS, and further investigation 

is required to determine regions of the country where need for DBS (with assessment of true 

prevalence of DBS candidates) far exceeds current need.  

 

 

 

  



Ph.D. Thesis – M. Lannon; McMaster University – Health Research Methodology 

 180 

1 INTRODUCTION 

The public healthcare system in Canada, guided by the Canada Health Act, aims to provide 

accessible, comprehensive, universal, portable, and publicly administrated care (1). However, 

unique challenges resulting from vast geography with sparsely populated Canadian regions 

prevent truly accessible health services for all Canadians. This challenge has become 

increasingly difficult with increasing complexity of healthcare as a result of improving 

technology and an aging population (2).  

 

Functional neurosurgery is one area of healthcare with rapidly advancing technology. This 

subspecialty of neurosurgery utilizes neurostimulators and implanted devices for 

neuromodulation of circuits for a variety of neurological diseases. Movement disorders have 

been a primary focus of neuromodulation within this specialty, including Parkinson’s Disease, 

essential tremor, and dystonia.  

 

Deep brain stimulation (DBS) is a mainstay of surgical treatment for movement disorders. 

However, access to this service is limited, resulting from centralization to academic centres in 

larger cities (3–6). Various socioeconomic and cultural differences have also been shown to 

impact access to DBS, including race (7–15), gender (8,10,13–16), socioeconomic 

status/insurance status (7,8,10,13,14,17,18), and lack of referrals to tertiary centers/movement 

disorder clinics (19,20).  
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In 2018, Honey et al utilized industry data to provide a snapshot of the geographic distribution of 

Canadian DBS, revealing a disparity in access between provinces, with excellent access to DBS 

in Saskatchewan and extremely poor access in Newfoundland and Labrador (21).  

 

Since 2018, the Canadian healthcare system has continued to evolve. In 2020, the COVID-19 

pandemic brought unforeseen strain to the system, resulting in significant delays in care for 

many patients. During the first 31 months after March 2020, approximately 937,000 (14%) fewer 

surgeries were performed than prior to the pandemic (2019) (22). For patients with movement 

disorders, overall care has been found to be significantly impacted by the COVID-19 pandemic, 

with one recent Canadian study reporting patients with Parkinson’s disease experiencing 

amplification of pre-pandemic poor experiences with healthcare (23). 

 

The current study aims to describe current access to DBS for movement disorders in Canada 

through the use of retrospective data from each of the 15 Canadian centres offering this service. 

Additionally, it aims to compare current access to that reported by Honey et al in 2018, to 

determine if improvements have been made in providing this therapy to patients who need it, and 

to determine the extent of the impact COVID-19 pandemic had on delivery of DBS nationally, in 

terms of decrease in number of cases and recovery of delivery throughout the pandemic. Finally, 

similar to Honey et al, this study aims to determine if factors such as gender, socioeconomic 

status, indication, or geographic location impact patients’ ability to access DBS.  

 

2 METHODS 
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Ethics approval was obtained through the Hamilton Integrated Research Ethics Board 

(HIREB#15846). Additionally, individual institutional research ethics board approval for each 

included site was obtained prior to site inclusion.  

 

Included sites were Queen Elizabeth II Health Sciences Centre, Halifax, Nova Scotia; Centre 

Hospitalier Universitaire de Quebec-Universite Laval, Quebec City, Quebec; Centre Hopital 

University de Sherbrooke, Sherbrooke, Quebec; Centre Hospitalier de l’Universite de Montreal, 

Montreal, Quebec; Montreal Neurological Institute, Montreal, Quebec; The Ottawa Hospital, 

Ottawa, Ontario; London Health Sciences, London, Ontario; Toronto Western Hospital, Toronto, 

Ontario; Sunnybrook Hospital, Toronto, Ontario; Health Sciences Centre, Winnipeg, Manitoba; 

Royal University Hospital, Saskatoon, Saskatchewan; Regina General Hospital, Regina, 

Saskatchewan; University of Alberta Hospital, Edmonton, Alberta; Foothills Medical Centre, 

Calgary, Alberta; Vancouver General Hospital, Vancouver, British Columbia.  

 

Included patients were adults (18 years of age or older) with diagnosis of a movement disorder 

(Parkinson’s disease, essential tremor, dystonia) treated with novel DBS implantation at a 

Canadian centre between January 1, 2019 and December 31, 2022.  

 

Retrospective chart reviews were completed, capturing demographics (age at time of surgery, 

gender), as well as indication for DBS, and geographic location (recorded as forward sortation 

area codes - first three digits of postal code).  
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Individual forward sortation area codes were queried using publicly available Statistics Canada 

2021 census data for median household income and ‘total visible minority population’ for 

regions. Statistics Canada utilizes The Employment Equity Act’s definition of visible minority, 

“persons, other than Aboriginal peoples, who are non-Caucasian in race or non-white in 

colour.”(24) This population primarily consists of South Asian, Chinese, Black, Filipino, Arab, 

Latin American, Southeast Asian, West Asian, Korean, and Japanese groups (25).  

 

To determine distance of region to the centre in which patients received treatment, the open 

access service Cybo was utilized to capture regions associated with patients’ forward sortation 

area codes. In instances where the first three digits corresponded to more than one municipality, 

the municipality with the largest population was utilized for analysis. Distance to centre was then 

estimated using Google Maps (26).  

 

To determine rurality of included patients, the Canadian Alliance for Healthy Hearts and Minds 

map was used. Individual forward sortation areas were queried for the binary outcome “yes/no”. 

This tool categorized communities rural based if less than 20% of postal codes fell within a 

metropolitan region known as a “census metropolitan area” or “census agglomeration” (27). 

 

To visualize distribution of cases from each centre, a map was generated with individual data 

points representing forward sortation areas. A map was generated using Maptive (28). All other 

figures were generated using GraphPad Prism version 10.2.0 (29). Descriptive statistics were 

used for data analysis. Categorical variables are reported as counts and percentages and 

continuous variables are reported as mean with standard deviation (SD). 
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3 PRELIMINARY RESULTS 

To date, 162 patients have been included from four sites (Queen Elizabeth II Health Sciences 

Centre, Halifax; Centre Hopital University de Sherbrooke, Sherbrooke; London Health Sciences, 

London; Centre Hospitalier de l’Universite de Montreal, Montreal). Data collection is ongoing at 

remaining sites.  

 

The majority of patients were male (n=102, 63%), regardless of institution . This was also the 

case for Parkinson’s disease (69.29%) and Essential tremor (54.17%), however nearly all 

patients receiving DBS for dystonia were female (9.09% male). Mean age of all patients was 

62.41(SD 8.95). See Figure 1 for distribution of patient age. Ages of patients were similar across 

sites, however patients with dystonia were younger (50.27±13.28) than those with Parkinson’s 

Disease (62.16±7.88) or essential tremor (69.33±4.86). See Table 1 for demographics of 

included patients.  

 

A number of patients at the included sites traveled great distances for operative management 

(mean 173.93km ± 268.99). The sites with the greatest proportion of patients travelling from 

≥100km away were Halifax (71.11%) and London (51.43%), followed by Sherbrooke (36.36%) 

and finally CHUM (16.12%), where the vast majority of patients resided nearby. The only 

included site where patients travelled from out of province was Halifax (NS 60.00%, PEI 

17.78%, NB 17.78%, NL 44.44%). See Figure 2 for residence of patients receiving DBS at 

included sites.  
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In terms of rurality, the majority of patients lived in urban areas (85.19%). The site with the 

highest proportion of patients residing in rural areas was Halifax (33.33%), and the two 

provinces with the highest number of patients from rural areas were New Brunswick and Prince 

Edward Island (37.50%). See Table 2 for details on rurality of patient population. 

 

The highest rate of DBS cases per capita in an included region thus far was Prince Edward Island 

(0.005%). When estimated prevalence of movement disorders for which patients were treated 

with DBS, patients in Prince Edward Island also had the highest rate per estimated patient 

prevalence in our population. Overall, patients with Parkinson’s disease had the highest rates of 

DBS, however dystonia was better served in Newfoundland and Labrador and Prince Edward 

Island than other movement disorder indications. See Table 3 for further details of DBS cases per 

capita for included sites.  

 

Included patients were found to live in areas with higher than provincial median household 

income, aside from Ontario. Additionally, patients were from areas with lower than provincial 

average visible minority rate, aside from patients from Newfoundland and Labrador and Prince 

Edward Island. See Table 4 for details regarding characteristics of patient residence compared 

with the general population of each province.  

 

With respect to the impact of COVID-19, there were no DBS cases at any of the included centres 

during April or May of 2020, with the advent of the first wave of the pandemic in Canada. With 

the decrease in case numbers over the summer of 2020, DBS cases increased once again, 

decreasing following periods with higher numbers of COVID-19 cases throughout the pandemic. 
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January 2022 had the highest number of COVID-19 cases in Canada throughout the entire 

pandemic (1,054,300) (30), and no DBS cases were performed at included sites during that 

period. See Figure 3 for details regarding DBS cases performed per site vs. COVID-19 cases per 

month in Canada.  

 

Overall, half as many cases per month were performed across all included sites in the first year 

of the pandemic. In the second year of the pandemic, 27% less cases were performed than in the 

period prior to the pandemic, however case numbers increased 12.5% higher than pre-pandemic 

cases in the third year of the pandemic, with two sites (London and Sherbrooke) increasing case 

numbers compared to pre-pandemic frequency. See Table 5 for details regarding average 

monthly cases performed by site.  

 

4 DISCUSSION 

The vast geographic landscape and sparse population density in Canada present unique 

challenges to the delivery of healthcare resources. Preliminary results of this study suggest that 

regions of Canada are better serviced in the delivery of DBS than others.  

 

In terms of access per capita, Newfoundland and Labrador was underserviced compared to other 

provinces included in the preliminary analysis. This is notable given Quebec and Ontario have a 

number of additional sites that have not had data included thus far. Therefore, Newfoundland and 

Labrador is likely to be exceptionally underserved in terms of total population when compared 

with other provinces across Canada. This is in keeping with previous findings (21), providing 

evidence for Newfoundland and Labrador having the worst access to DBS across the country. 
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There is no functional neurosurgery site in the province, with patients needing to travel long 

distances to Halifax for assessment and surgery. This can be costly to patients and their families. 

Additionally, there is limited neurology services in the province, so many patients are diagnosed 

and managed by primary care physicians. It is interesting to note, however, that when patients 

are considered by indication, patients with dystonia appear to have better access to DBS in 

Newfoundland and Labrador than the other provinces included thus far. This may be due to early 

referral from rural physicians uncomfortable managing dystonia without subspecialisation, 

leading to improved access to DBS through movement disorder neurologists. Similarly to the 

study by Honey et al (21), it is worth considering that the small population in the province means 

that small fluctuations in numbers of implanted patients would considerably change the rate of 

DBS per capita. 

 

The majority of patients in the study population were male. This is consistent with previous 

research into barriers to DBS access, which reveals that gender may be a barrier to access 

(8,10,14–16). The exception to this was dystonia patients, of which the majority were female. 

Given the male:female ratio of adult onset craniocervical dystonia is 1:1.5-2 (31), this may 

account for this difference. Parkinson’s disease is twice as common in men than women (32), 

which may explain gender differences observed here and in previous studies. Essential tremor 

also has a similar prevalence between genders, however some studies have reported a slight male 

predominance (33). Therefore, gender differences noted here and in previously published studies 

may be a result of epidemiologic factors as opposed to referral or treatment bias on behalf of 

providers.  
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The mean age in this study was 62.41±8.95, similar to previous studies (21,34). Previous 

literature does suggest that patients with advanced age have comparatively less access to DBS 

than younger counterparts (34), consistent with current findings. 

 

Similar to previous research, more patients were implanted with Parkinson’s disease than other 

indications (34), in spite of higher prevalence of essential tremor than the other two indications 

of interest. Unsurprisingly, given the relatively high prevalence of essential tremor, it is therefore 

the most underserved of movement disorders. This may be due to adequate medical management 

for many patients, or due to need for education for both patients and care providers about the 

utilization of DBS therapy for this indication.    

 

 Many patients travelled a significant distance for DBS therapy (173.93±268.99), however there 

was a great deal of variation by site. Patients treated in Halifax travelled the greatest distance for 

treatment, and provincially, patients in Newfoundland and Labrador travelled the greatest 

distance for DBS (1,482.45km±6.15). This is an important consideration, given the relatively 

low DBS rate in the province. This far distance to travel and costs associated with travelling may 

be a significant barrier to access for DBS in Newfoundland and Labrador. Providing funding for 

travel or utilization of virtual care platforms to minimize visits for assessment, follow up, and 

reprogramming (20) may be an opportunity for future investigation to improve access in this 

region.  

 

In terms of rurality, one third of all patients treated in Halifax were from rural communities, 

while the vast majority of patients treated in Quebec and Ontario were from urban centres. Given 
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the makeup of communities in the Atlantic provinces who travel to Halifax for DBS, this 

difference is understandable. Few cities exist in the Atlantic provinces, whereas a number of 

large cities in Southern Ontario are served by the site in London and the large population in 

Montreal would explain the proportion of urban patients at those sites. 

 

Similar to findings by Honey et al (21), patients in the study population were found to have a 

higher median household income than the provincial median household income for their 

respective regions. The exception to this was Ontario where patients had a lower median 

household income than that of the province, although it will be interesting to see if this 

difference is minimized or results are in keeping with other provincial findings when patients 

from Toronto and Ottawa are included in the final analysis. This will likely be the case, given 

higher socioeconomic status patients residing in larger urban centres that would be referred to 

these sites.  

 

In terms of average rate of minority populations living in regions where patients received DBS, 

the study population was found to reside in regions with lower than average rate of minority 

populations. This is in keeping with previous literature, which suggests patients living in regions 

with lower proportions of minority populations have better access to DBS (15,21). The exception 

to this was in Newfoundland and Labrador and Prince Edward Island. It is worth noting that 

these provinces have a relatively low rate of minority populations, and that the majority of 

patients in these provinces (all in Newfoundland and Labrador) were from urban centres, which 

typically have a higher proportion of minority populations than rural areas.   
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4.1 COVID-19 Impact on Delivery of DBS 

Fluctuations in delivery of DBS occurred at three of the four included sites in this study.  

Similar to other surgical series (35-38), DBS cases decreased by 50% across all included sites in 

the first year of the pandemic, compared to the year prior. Overall, by year three, cases increased 

to a 12.5% compared to pre-pandemic numbers. This is largely due to a 51.9% increase in DBS 

cases in London compared to pre-pandemic numbers. Across all sites, assuming the number of 

DBS candidates remains constant over time, by the third year of the pandemic, a deficit across all 

sites of an average of 3.08 patients per month exists. As such, the increase in cases of 12.5% is 

not enough to address this deficit in delivery.  

 

Literature from a number of surgical disciplines have highlighted the decrease in operative cases 

throughout the pandemic to the extent that a backlog has been created that is not being 

adequately addressed with resumption of pre-pandemic number of cases (35–38). A similar 

scenario is observed among this cohort, suggesting that policy changes are required to address 

the large number of patients waiting for DBS following the pandemic.  

 

Given the impact of COVID-19 on delivery of DBS, it is difficult to ascertain whether delivery 

of DBS has improved since the 2018 paper by Honey et al (21), however comparing 2019 and 

2022 to that earlier study period (2015-2016), the only province with a higher number of DBS 

cases is Prince Edward Island. This suggests further work is needed to improve access to this 

service in Canada.  
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It is important to consider provincial caps on device funding, utilize virtual care to minimize the 

impact of travel and socioeconomic status as barriers to access, and to increase access to 

movement disorder neurologists to expedite diagnosis and surgical referral.  

 

4.2 Limitations 

Limited conclusions can be drawn regarding access to DBS in Canada, given the preliminary 

nature of results with the absence of data for 11/15 Canadian sites for DBS at this point. Data 

collection is ongoing at remaining sites. This is particularly important to consider in evaluation 

of DBS delivery in Ontario and Quebec, given the absence of data from additional sites in these 

provinces (McGill, Ottawa and Toronto). Current data underrepresents access to DBS for 

individuals living in these provinces.  

 

Evaluation of socioeconomic status in the current study is limited by estimations used for mean 

household income for individual patients. This data was not individually collected, but rather 

estimated based on forward sortation area codes, which may represent large populations (the 

average population per forward sortation area is 22,473.86, and the largest population in a single 

forward sortation area is 149,238) (39).   

 

Forward sortation area was also used to estimate distance from patients’ residence to surgical 

site, and average rate of minority populations. Additionally, average rate of minority populations 

is estimated by Statistics Canada using 25% of the population. Therefore, it may not be accurate 

for individual patients in our sample.  
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Ultimately, assessment of access to DBS requires an understanding of the need for this service 

across Canada. Previous studies have failed to identify the true prevalence of candidates for DBS 

nationally. This study attempts to define the need through estimated prevalence of indication 

diagnoses in each region, although certainly every patient with Parkinson’s disease, for example, 

would not be an appropriate candidate for DBS. Quantification of need to match to access is 

important to identify regions where need far surpasses access to more appropriately direct 

funding. This is an area for future research.  

 

5 CONCLUSIONS 

While national access to DBS, the preliminary aim of this study, cannot yet be quantified, 

preliminary analyses from four included sites suggests that access to DBS has not improved 

following the study by Honey et al (21). Additionally, regional differences are apparent, 

including poor access in geographically isolated regions such as Newfoundland and Labrador, 

found to have the poorest access to DBS. As observed in other surgical disciplines, COVID-19 

caused a decrease in the number of DBS cases performed over the course of 2020 and 2021, 

leaving a deficit of cases that is not being adequately addressed by all but one included site. 

Significant policy change is required at a provincial governmental level to DBS across Canada, 

and further investigation is required to determine regions of the country with the greatest need 

for improvement in services with respect to candidates for this life-changing procedure.  
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FIGURES 

Figure 1: Distribution of patient age at time of surgery. The number of DBS patients is shown 
for each 5-year age group.  
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Figure 2: Residence of patients receiving DBS at included sites 
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Figure 3: Number of DBS cases per month of study period by site (columns) with number of 
COVID-19 cases per month in Canada (red points)(WHO COVID-19 dashboard (30)).  
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TABLES 

Table 1: Patient demographics by centre 

 Halifax  
N=45 

London 
N=70 

Sherbrooke 
N=11 

CHUM 
N=36 

Total 
N=162 

Indication 
n (%) 

Parkinson’s 
Disease 

36 (80) 57 (81.4) 3 (27.2) 31(86) 127 (78.4) 

Essential 
Tremor 

6 (13) 8 (11.4) 5 (45.5) 5 (14) 24 (14.8) 

Dystonia 3 (7) 5 (7.2) 3 (27.2) 0  11(6.8) 
Sex (% Male) 62.22 65.71 63.64 58.33 62.96 
Mean Age (SD) 60.96 

(9.99) 
63.40 (7.88) 61.45 (13.17) 62.61 

(8.14) 
62.41 (8.95) 

Mean distance from 
patients’ residence to 
centre (km)(SD) 

280.87 
(307.59) 

173.16 
(291.62) 

93.83 (81.57) 66.23 
(125.32) 

173.93 
(268.99) 

Mean of estimated median 
household income (SD) 

78,533.33 
(16,726.70) 

85,597.14 
(16,880.38) 

68,945.45 
(12,588.04) 

77,975.00 
(21,503.64) 

80,810.49 
(18,214.70) 

Average rate of visible 
minority population in 
patient region of residence 
(SD)* 

8.56 (8.00) 15.37 (14.02) 4.26 (3.43) 16.39 
(17.79) 

12.95 (13.68) 

 *Estimated from 25% of population. 
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Table 2: Rurality of included patients’ residence 

Centre 
 

Region of patient residence Number of rural patients (%) Total 

Halifax (n=45) NL (n=2) 0 15 (33.33%) 
NS (n=27) 9 (33.33%) 
PEI (n=8) 3 (37.50%) 
NB (n=8) 3 (37.50%) 

London (n=70) ON (n=70) 4 (5.71%) 4 (5.71%) 
Sherbrooke (n=11) QC (n=11) 2 (18.18%) 5 (10.64%) 
CHUM (n=36) QC (n=36) 3 (8.33%) 
All included patients (n=162) 24 (14.81%) 
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Table 3: DBS cases per capita 

Region Population Cases per 
capita 

Estimated number of patients 
with movement disorders 

DBS cases per estimated number 
of patients with movement 
disorders 

   PDA ETB DC PD ET D 
NL (n=2) 526,046 0.0004% 1,220 6,996 162 0.08% 0 0.62% 
NS (n=27) 989,154 0.003% 2,440 13,156 305 0.90% 0.03% 0.33% 
PEI (n=8) 159,179 0.005% 370 2,117 49 1.62% 0.05% 2.04% 
NB (n=8) 783,814 0.001% 2,150 10,425 242 0.33% 0.01% 0 
QC (n=47) 8,551,865 0.0006% 22,890 113,740 2,638 0.15% 0.009% 0.11% 
ON (n=70) 14,757,582 0.0005% 45,500 196,276 4,553 0.13% 0.004% 0.003% 
MB  1,381,809  3,985 18,378 426  
SK 1,165,963 2,655 15,507 360 
AB 4,412,013 9,725 58,720 1,361 
BC 5,173,896 15,280 68,813 1,596 
NT 44,395  590 14 
YT 42,109  560 13 
NU 39,581 20 526 12 
Canada 
(n=162) 

38,027,406 0.0004% 106,225 505,764 11,731 0.12% 0.005% 0.09% 

A - According to prevalence by province/territory for 2020-2021 (age standardized to ≥ 40 years) 
(40) 
B – According to prevalence from global meta-analysis in 2021 (1.33% for all ages) (41)  
C – According to prevalence from global meta-analysis in 2022 (0.03085% for all ages) (42)  
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Table 4: Characteristics of study population compared with general population by region of 
patient residence 

Region Median 
household 
income (2020) 

Mean of median 
household incomes for 
patients in region (SD) 

Difference Visible 
minority 
rate* 

Average visible 
minority rate for 
patient regions* 

Difference Average distance 
from site for patient 
regions 

NL 
(n=2) 

71,500 86,600.00 
(38,749.45) 

+15,100.00 3.4 6.15 (5.02) +2.75 1,482.45 (6.15) 

NS 
(n=27) 

71,500 75,644.44 
(16,907.24) 

+4,144.44 9.8 9.13 (9.14) -0.67 142.50 (147.63) 

PEI 
(n=8) 

73,500 81,562.50 
(5,747.29) 

+8,062.50 9.5 11.04 (7.69) +1.54 310.60 (14.28) 

NB 
(n=8) 

70,000 83,237.50 
(19,047.15) 

+12,237.50 5.8 4.79 (1.72) -1.01 417.71 (69.17) 

QC 
(n=47) 

72,500 75,861.70 
(20,030.29) 

+3,361.70 16.1 13.56 (16.44) -2.54 72.69 (116.34) 

ON 
(n=70) 

91,000 85,597.14 
(16,880.38) 

-5,402.86 34.3 15.36 (14.02) -18.94 173.16 (291.62) 

MB 79,500   22.2    
SK 82,000   14.4    
AB 96,000   27.8    
BC 85,000   34.4    
NT 127,000   12.2    
YT 100,000   12.8    
NU 118,000   3.6    
Canada 84,000 80,810.49 

(18,214.70) 
-3,189.51 26.5 12.95 (13.68) -13.55 173.93 (269.00) 

Comparison of study population to Canadian population by province/territory. All data obtained 
from 2021 Canadian census (2020 data), Statistics Canada. 
*Estimated from 25% of population. 
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Table 5: Mean DBS cases per month throughout pandemic across all sites 

Date Halifax London Sherbrooke CHUM Total 
A)March 1, 2019-February 28, 2020 1.25 1.58 0.17 1 4 
B)March 1, 2020-February 29, 2021 0.83 (33.6% 

fewer than A) 
0.5 (68.35% 
fewer than A) 

0.17  0.5 (50% less than 
A) 

2 (50% less than 
A) 

C)March 1, 2021-February 28, 2022 0.58 (53.60% 
fewer than A) 

1.42 (10.13% 
fewer than A) 

0.17 0.17 (83% less than 
A) 

2.92 (27% less 
than A) 

D)March 1, 2022-December 31, 2022 1 (20% fewer 
than A) 

2.4 (51.9% 
more than A) 

0.2 (17.65% more 
than A) 

0.9 (10% less than 
A) 

4.5 (12.5% more 
than A) 
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CHAPTER 5: Conclusions and Future Directions 
 

5.1 Summary of findings 

This doctoral thesis describes three main studies evaluating the landscape of deep brain 

stimulation (DBS) in Canada through the quadruple aim of health service research (cost, patient 

perspective, healthcare provider perspective, population level data) (1–4). The findings from 

these studies highlight the need for a multifaceted approach to improving equity in access to 

DBS. Chapter 2 addressed the aim ‘reduce the per capita cost of healthcare’ and described the 

cost-effectiveness of DBS compared with best medical therapy, highlighting the need to consider 

cost as it pertains to the duration of therapy for patients. Choosing DBS, a more cost-effective 

treatment strategy in Parkinson’s disease, would allow reallocation of healthcare resources to 

provide solutions to barriers to access identified in Chapter 3. Drawing from healthcare provider 

and patient/caregiver perspectives to address the aims ‘improve the patient and caregiver 

experience’ and ‘improve the work life of healthcare providers’, the mixed methods survey of 

stakeholders for DBS for movement disorders in Canada (Chapter 3) identified barriers to 

accessing DBS along the entire trajectory of the patient referral pathway. Additionally, expert 

opinion from healthcare providers was used to attempt to estimate the prevalence of candidates 

for DBS with movement disorders across Canada to define the need for this service by region. 

Finally, Chapter 4 addresses the aim ‘improve the health of populations’ through identification of 

characteristics of patients who had previously undergone DBS therapy in Canada. This 

multicentre retrospective study assessed the estimated socioeconomic status and proportion of 

minority populations living in the regions where implanted patients resided, as well as 

geographical distance to a functional neurosurgical centre to identify potential facilitators to 

accessing DBS. Additionally, preliminary results assessed the impact of the COVID-19 
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pandemic on delivery of DBS in Canada as well as ability of the healthcare system to return to 

pre-COVID delivery of this service and address the backlog in cases created during the 

pandemic.  

 

5.2 Strengths and limitations 

This work presents a comprehensive assessment of access to DBS in Canada. The strength of this 

work is in the rigorous, comprehensive, and structured methods used.  

 

A strength of the systematic review presented in Chapter 2 is the consideration of available 

evidence regarding the cost-effectiveness of DBS compared with best medical therapy to 

generate an overall effect estimate through meta-analysis. This provides a comprehensive 

assessment of cost of the intervention with regard to the Quadruple Aim of health service 

research. Decision makers can utilize these findings to allocate financial resources appropriately 

to increase access to DBS where it is most needed. Another strength is the comprehensive quality 

assessment performed, highlighting the need for rigorous economic evaluations based on primary 

datasets to inform decision-making. This study was limited by the quality of evidence available, 

with significant heterogeneity between evaluations, and insufficient evidence to allow for 

stratification by country income, study type, disease (only evidence available on Parkinson’s 

disease), and disease severity as had been intended in the study protocol. Heterogeneity also 

exists between studies with regard to values and resources between countries. This was 

accounted for in the transferability assessment. Finally, the use of model-based evaluations in the 

absence of trials with long durations may introduce some degree of bias, as assumptions are 
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made with regard to stability of treatment effects and double-counting of study populations in 

evaluations where evidence was drawn from previous literature.  

 

The novel approach used in Chapter 4 sought perspectives from healthcare providers and 

patients/caregivers to gain a comprehensive picture of barriers to accessing DBS across Canada 

and attempt to estimate candidates for DBS by region. The strength in this approach is the 

identification of solutions to improve access to DBS that vary by region. This study was limited 

by the response rate, and therefore estimates of prevalence were associated with low 

concordance rates and therefore confidence in these estimates is very low.   

 

The strength of the work presented in Chapter 4 lies in the comprehensive nature, with inclusion 

of all sites across Canada. Preliminary analyses were able to determine the decrease in number of 

DBS cases at included sites during the COVID-19 pandemic, as well as the limited recovery in 

operative cases throughout the course of the pandemic and beyond. Additionally, comparison 

was drawn between a previous assessment of access to DBS and preliminary results suggest 

access has not improved and further action is required to provide equitable access to this service. 

Limitations include absence of data from 11/15 sites at this point, potential estimation error for 

socioeconomic status, distance to surgical site, and rate of minority populations by region as 

opposed to individual patient data.  

 

Most notably in this doctoral thesis is the limitation that need for DBS in Canada remains poorly 

defined. Prevalence of candidates was poorly estimated in Chapter 3, and remains absent from 

the consideration of access in Chapter 4, as in previous literature. This remains a key determinant 
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of access, as it is impossible to determine if current access is adequate without an understanding 

of the need for the service.  

 

5.3 Implications for practice 

The findings from this doctoral thesis support decision makers in making changes to resource 

allocation to better serve populations across various regions. In terms of cost, Chapter 2 provides 

evidence that DBS can be considered a cost-effective solution, and therefore increasing funding 

for this therapy may provide a cost benefit. Financial resources can then be redirected to 

additional initiatives. 

 

A number of potential solutions to increase access to DBS have been identified through the 

findings of this research. The first of these is increasing available human resources, including the 

number of available movement disorder specialists and functional neurosurgeons in Canada. This 

would ameliorate some of the burden of waitlists, however beyond increasing the number of 

providers in population-dense regions, this would not decrease the burden of travel and expenses 

for Canadians living in isolated, resource-poor regions of the country. Additional resources 

include operative time and removing provincial caps on the number of DBS implants available 

annually. Providing funding for unlimited DBS implants per year has been proven to be a 

successful strategy for improving access in Saskatchewan, boasting the best access to DBS in 

Canada as a result (5). Given the cost-effectiveness of DBS compared with standard therapy as 

demonstrated in Chapter 2, increasing funding for resources required to deliver this service is an 

appropriate strategy, but will not improve access in an equitable manner without additional 

measures.  
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As identified in the preliminary analyses presented in Chapter 4 and supported by previous 

literature, patients with lower socioeconomic status, racial minorities, and those residing great 

distances from sites offering DBS may be at risk of poorer access to DBS. In an effort to 

decrease the burdens socioeconomic status and geographic location place as barriers to access, 

the use of telemedicine may provide improved access through avoidance of travel for multiple 

appointments (assessments, surgical bookings, follow-up, reprogramming). Creation of regional 

telemedicine movement disorder clinics to complete assessments and streamline referral 

pathways may be an alternative mechanism of access for patients.  

 

Even with improvements to referral pathways and improving access through use of telemedicine, 

education strategies are required to address misconceptions and poor understanding of movement 

disorders in general, as well as indications for DBS, risks and benefits of this therapy, and the 

process of referral for this treatment.  

 

Applying these potential strategies would require significant collaboration between overseeing 

Provincial and Territorial ministries of health. The best utilization of resources would not see 

functional neurosurgery services in each province and territory. Therefore, collaboration will be 

required to ensure regions without this service do not suffer inadequate access as a result. 

Development of regional referral clinics utilizing telemedicine may standardize referral pathways 

to improve access across Canada.  

 

5.4 Implications for future research  
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Further investigation is required with respect to economic evaluations in the Canadian context. 

Findings presented in Chapter 2 emphasize the need for economic evaluations conducted 

alongside primary studies.  

 

Collaboration and methodology utilized in Chapter 4 provide a foundation for the development 

of a national database for DBS patients in Canada. This would allow further investigation of 

factors that potentially increase likelihood of accessing DBS for individual patients and regional 

populations.  

 

Perhaps most importantly, further investigation is required to better understand how the 

prevalence of candidates for DBS varies by region in Canada. Development of a national 

database of movement disorder patients may be a means to answer this question, as the degree of 

granularity required to answer this question is not available in current health databases in 

Canada. Alternatively, utilizing methods outlined in Chapter 3 may be effective if higher 

response rates can be achieved. Understanding the distribution of prevalence of these conditions 

is crucial, as it is impossible to comprehensively assess access to a service without an in depth 

understanding of the candidates in need of the service, to determine if the need is being met.  

 

5.5 Conclusion 

This doctoral thesis comprises an assessment of access to DBS for movement disorders in 

Canada through the lens of the Quadruple Aim of health service research. Findings emphasize 

the importance of defining the need for this service through an understanding of the prevalence 

of candidates for this therapy, and lend potential solutions to increase access across Canada, 
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through increased human and technology resources, improved education, and further 

investigation.  
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