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ABSTRACT

Background: The aetiology of chronic pain is complex and encompasses many different
causes. Chronic pain commonly arises due to spinal disorders causing pain in the back and
legs. Chronic pain is a substantial global public health problem, with a high prevalence,
detrimental effects on health and health-related quality of life (HRQoL), ability to work and
associated societal costs. Results from clinical studies indicate that spinal cord stimulation
(SCS) decreases pain, improves HRQoL and disability, in patients with chronic pain of
predominantly neuropathic origin, and has long been used in clinical practice. SCS, a
minimal-invasive type of neuromodulation device (implant of electrodes in the epidural
space), is commonly indicated for patients with intractable pain, who do not respond to prior
treatments such as spine surgery. However, there is little known about the characteristics of
patients receiving SCS in clinical practice, the long-term effects, and the potential influence
of patient characteristics on treatment effects. The broader aim of the thesis is to investigate
health outcomes and societal costs in patients with chronic pain treated with SCS.

Methods: The studies were based on Swedish national register data. Study I investigated pre-
and post-lumbar spine surgery costs, HRQoL, disability, and pain, in patients who received
SCS treatment following lumbar spine surgery. The study was exploratory and included
several health and cost outcomes in relation to initial lumbar spine surgery and subsequent
SCS. HRQoL, pain, and disability were measured up to five years after spine surgery, and
costs were measured three years before and after spine surgery and SCS, respectively. Study
Il analysed the impact of SCS on short-term sick leave and long-term disability pension and
what explored potential predictors are associated with the impact. A matched reference group
was used to control for societal changes that may impact usage of sickness benefits.

Conclusions: Spine surgery preceding SCS did not have any effect on pain, HRQoL, and
costs at one, two and five years in patients who were subsequently treated with SCS. Patients
who subsequently received SCS after spine surgery were statistically significantly worse off
in terms of disability and HRQoL already at the initial spine surgery. SCS, in patients with or
without prior spine surgery, is associated with statistically significant decrease in sick leave
days, but not disability pension which increased. SCS decreased the overall net disability
days and consequently indirect cost in working age patients. Large productivity losses prior
to SCS were demonstrated, indicating a significant burden on the employers, the patient, and
the society at large. Usage of anti-depressants was significantly associated with poorer effect
on disability days. Other socioeconomic and clinical factors had no association with the effect
of SCS on sick leave and disability pension.
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1 INTRODUCTION

Chronic pain, a condition lasting for more than three months, affects one in five adult
Europeans (1). The condition has significant impact on patients’ quality of life and health.
The aggregated costs of chronic pain are high due to high prevalence and high indirect costs
associated with productivity losses (2). In patients with degenerative spinal diseases with
associated chronic back and leg pain, pharmacotherapy such as opioids and other analgesics
iIs common amend the pain. The underlying cause of the pain may be treated surgically, when
a specific cause can be found, such as disc herniation and spinal stenosis. Patients who do not
find cure in common non-surgical and surgical treatments—or where in fact the treatment has
caused further problems—may benefit from neuromodulation therapies. Spinal cord
stimulation (SCS) is the most common treatment in this area (3). SCS is a minimal-invasive
treatment for patients with chronic pain of predominantly neuropathic origin that does not
respond to other treatments. Results from randomised controlled trials (RCTs) indicate that
SCS decreases pain and disability and improves health-related quality of life (HRQoL). SCS
has been used in clinical practice for over 50 years.

RCTs generally include highly selected patient cohorts that may not be representative of
patients in real-world clinical practice. There is currently little known about characteristics of
patients receiving SCS in clinical practice, real-world long-term clinical and economic
effects, and the potential influence of patient clinical and sociodemographic characteristics on
effects. Resources in healthcare are limited, and it is important to efficiently allocate those
resources to maximise health outcomes. To improve efficient allocation of resources and
ultimately improve health and quality of life of individuals affected by chronic pain, it is
important to increase the knowledge about real-world and long-term costs, effects, what
potential factors predicts successful outcome, and which patients may benefit from other
interventions.

Drawing causal inference on the effect of one healthcare intervention versus another can be
more difficult in retrospective observational studies compared with RCTs due to lack of
natural randomisation and control group. RCTs generally have higher internal validity than
observational studies since randomisation increases the likelihood of treatment being
allocated independently of observable and unobservable patient characteristics (4). An RCT
generally identify internally valid sample average causal effect where the sample is the trial
population. However, the target population (where the treatment is intended in the real-world
practice) may differ systematically from the trial population and the target population is often
the population in which we want to evaluate societal health economic aspects of an
intervention. Retrospective observational studies can answer questions regarding effects in a
population reflecting the patient population in clinical practice (4). Such studies also have the
benefits of study participants and caregivers not knowing they are being studied and
behaviours therefore reflect real-world patterns to a greater extent—RCTs may evaluate
treatments delivered more rigorously compared with those delivered in clinical practice (5).



Sweden has a taxpayer funded universal healthcare system with several mandatory national
registers, such as patient register, prescribed drug register, social insurance register, and
several have been in use for over 20 years. Everyone that lives in Sweden has a personal
identification number which is used every time they visit healthcare or utilise social
insurance benefits, making it possible to link individuals across registers. Therefore,
Swedish registers enable population-based research representative of the patient population
in clinical practice and enable long-term follow-up. The broader aim of the thesis is to
investigate health outcomes and societal costs in patients with chronic pain treated with
SCS.

2 BACKGROUND

2.1 AETIOLOGY OF PAIN

The International Association for the Study of Pain (IASP) defines pain as “an unpleasant
sensory and emotional experience associated with, or resembling that associated with, actual
or potential tissue damage” (6). This definition emphasises the subjectivity of pain.
Individuals learn about pain through life experiences influenced to varying degrees by
biological, psychological, and social factors. Those affected may adapt to the pain although it
may still have adverse effects on function and social and psychological well-being.

The aetiology of chronic pain is complex and encompasses many different causes. Pain can
be caused by cancer/tumours, trauma, nerve damage, degenerative conditions such as arthritis
and spinal stenosis, and inflammations, but the pathology is commonly unknown (for
example non-specific low back pain and fibromyalgia). Chronic pain is defined as pain
lasting for more than three months. Most people experience pain problem at some point in
life but not all develop into chronic disability. There is a strong link between chronic pain and
depression, and it has been shown that only a small portion of patients seeking care for low
back pain have a “serious” physiological pathology (7, 8). Although advances in
physiological and psychological explanation models have been made, why some individuals
develop into chronic pain remain largely unanswered (9).

This thesis will focus on pain conditions of predominantly neuropathic origin that are
commonly indicated for SCS treatment, and degenerative spinal diseases commonly indicated
for lumbar spine surgery. The reason for this dual, albeit overlapping, focus is because it is
common to undergo spine surgery prior to SCS and both aetiologic groups are associated
with back and/or leg pain. Degenerative spinal diseases cause back and/or leg pain, while not
all treated with SCS have the indication back and leg pain. The majority, however, of patients
treated with SCS have the main indication chronic back and leg pain with or without prior
surgery (>60%), and less than 10% are indicated for neuropathic pain in extremity after injury
(10). Most common diagnoses indicated for lumbar spine surgery are disc herniation, spinal
stenosis, spondylolisthesis and degenerative disc disease, together around 90% of all
indications for performed lumbar spine surgeries performed in Sweden (11). The diagnoses
are described in brief below.



Disc herniation is formed when a disc in the spine changes and displaced which may cause
pressure on nerves. Many times, disc herniation does not cause any symptoms or very
moderate symptoms, but sometimes it causes severe low back pain and/or leg pain. The most
common disc herniations occur in the two lowest discs in the lower back (L4-L5 or L5-S1)
and cause pressure on the ischia nerve. Spinal stenosis is a degenerative disease caused by
narrowing of the spinal canal which eventually results in pressure on the spinal cord or
nerves. Spinal stenosis may cause pain in the lower back and legs. Spondylolisthesis occurs
when a vertebra slips out of position and is most common in the lower back. It can be caused
by degeneration, trauma, and fracture. Degenerative disc disease is degeneration of motion
segments (two vertebras, disc and two facet joints). Symptoms include pain in the lower back
and is often depending on motion and position of the body.

Neuropathic pain is defined as “pain that arises as a direct consequence of a lesion or
diseases affecting the somatosensory system” according to the [ASP (12). Conditions
associated with neuropathic pain include for example radiculopathy (pinching of a nerve root
in the spinal column), diabetic neuropathy, peripheral nerve injury, and trigeminal neuralgia
(disruption of the trigeminal nerve causing pain in the face) (13). Neuropathic pain is usually
chronic and difficult to treat (14).

The Neuropathic Pain Special Interest Group (“NeuPSIG”) of IASP has defined a grading
system to determine if the pain is neuropathic (12). Definite neuropathic pain is present if the
following criteria are fulfilled: 1) pain with a distinct neuroanatomical distribution, 2) a
medical history that suggests a lesion or disease of the nervous system, 3) a confirmatory test
to demonstrate neuroanatomical distribution, and 4) a confirmatory test to demonstrate a
lesion or disease of the nervous system. Probable neuropathic pain is categorised as fulfilling
only criteria 1 and 2, and possible neuropathic pain as only criteria 1.

SCS is commonly indicated for patients with severe chronic pain in the leg and back of
predominantly neuropathic origin where other treatments do not provide satisfactory pain
relief (15). This has been called failed back surgery syndrome (FBSS) because it usually
comprised of lingering pain after spine surgery, however, similar pain conditions can present
without prior spine surgery. Other indications are Complex Regional Pain Syndrome (CPRS),
angina pectoris, and painful diabetic neuropathy.

2.2 BURDEN OF PAIN

There is a consensus in the literature that pain is a substantial global public health problem.
Low back pain alone affects almost everyone at some point in life and 4-33% depending on
age group at any given time point (16). Pain with neuropathic origin (disease or damage on
the somatosensory system) affects 7-8% of Europeans (17, 18). The prevalence of chronic
pain has been estimated to 19% in adult Europeans but is also common in children and
adolescents with a prevalence as high as 25% estimated in a Dutch population (1, 19). Back
and leg pain constituted 60% of chronic pain locations in the European study (1). Estimates
of the prevalence of chronic pain in United States adults range between 11-40%, with



considerable variation across subgroups, particularly socioeconomic statuses (20). The
prevalence of “high-impact” chronic pain (defined as chronic pain that frequently limits life
or work activities) has been estimated to 8% in United States adults (20).

The impact of pain on individual well-being and health varies, for some it may be a brief
acute sensation, but for others it becomes a permanent feature of their lives affecting quality
of life, sleep, social relationships, leading to depression and fatigue, and decrements in
physical and cognitive functioning. Individuals with chronic pain have significantly lower
HRQoL compared with the general population (21). Neuropathic chronic pain is associated
with lower HRQoL and worse pain than non-neuropathic chronic pain (22). In the PROCESS
trial of SCS for the treatment of chronic neuropathic pain, the average baseline HRQoL was
found to be considerably lower than HRQoL estimated in patients hospitalised due to
ischemic stroke (23, 24).

In addition to detrimental effects on individuals’ health and well-being, chronic pain is
associated with high societal costs, chiefly due to reduced productivity and increased risk of
leaving the labour force. The Swedish Agency for Health Technology Assessment and
Assessment of Social Services (SBU) estimated the societal cost of chronic pain to be €9.6
billion per year in 2003 in Sweden, where more than 90% (€8.8 billion) were related to
indirect costs due to absence from work (2). Chronic pain has been estimated to be the most
common reason of visiting primary care in Sweden (25). Together with mental disorders,
often co-existing with chronic pain, it is the most common reason for sick leave and disability
pension (26). The total cost of chronic pain, including both indirect costs due to absence from
work, medical, and other costs, has been estimated at €200 billion in Europe and between
$560 and $635 in the United States (21, 27).

2.3 HEALTH OUTCOME MEASURES OF CHRONIC PAIN

2.3.1 Pain Intensity

Visual Analogue Scale (VAS) is frequently used in pain research. VAS was introduced in the
1960s and is used in many other research areas such as psychiatry. The respondent expresses

their average pain intensity by indicating their position on a 10 cm long vertical or horizontal

line using a marker, where one end of the line represents “no pain” and the other “worst pain

imaginable”. The marked point is then measured, yielding a number between 0 and 100. VAS
is in general considered to have a high test-retest reliability (high consistency when repeating

the same test in the same sample) (28, 29).

Other methods to measure pain is the Numerical Rating Scale (NRS), where the respondent is
asked to give a number, e.g., between 0 and 10 that corresponds to pain intensity, or Verbal
Rating Scale (VRS), where the respondent chooses between several words that describes
hers/his pain. The Initiative on Methods, Measurement, and Pain Assessment in Clinical
Trials (IMMPACT), consisting of representants from research, patient organisations and
industry, has developed recommendations for outcome measures in clinical studies of chronic
pain (30). IMMPACT recommendations declares that there are no important differences



between VAS, NRS, or VRS regarding responsiveness (sensitivity to clinical change), but
NRS is preferable over VAS due to potentially larger data loss using VAS, possibly because
VAS is more abstract than NRS and therefore more difficult to answer (30).

2.3.2 Back Pain Specific Functional Measures

The Oswestry Disability Index (ODI) is a measure of back pain-related functional limitation
(31). It consists of ten questions regarding pain intensity, personal care, lifting, walking,
sitting, standing, sleeping, sex life, social life, and travelling. Six response options are
possible ranging from “no problem” to “worst problem imaginable”. An overall score is
calculated based on the answers, ranging from 0 to 100 where 0—20 indicates “minimal
disability,” 21-40 “moderate disability,” 41-60 “severe disability,” 61-80 “crippling back
pain,” and 81-100 (“bed bound”, or “exaggeration of symptoms™). ODI is commonly
included in studies of spinal disorders and surgery (32). ODI has shown high reliability,
validity, responsiveness, and sensitivity to change in patients with chronic back pain (33).
Another common measure in back pain research is the Roland-Morris Disability
Questionnaire (RMDQ). ODI and RMDQ have been shown to be equally valid in non-
specific back pain, but ODI may be better at detecting change in more severe spinal disorders
(34, 35).

2.3.3 Health-Related Quality of Life

Common generic HRQoL instruments are the EuroQoL Five Dimensions Questionnaire (EQ-
5D), Short-Form 36 Health Survey (SF-36), and Health Utilities Index (HUI). The EQ-5D
questionnaire consists of five questions regarding mobility, hygiene, activity level,
pain/discomfort, and anxiety/depression. EQ-5D is available in two versions: EQ-5D-3L with
three levels of severity, and EQ-5D-5L containing five levels of severity. The answers to the
questions are compiled into an overall index, where a score closer to 1 implies highest levels
of HRQoL and 0 implies a HRQoL equivalent to being dead. Country-specific value sets can
be used to assign the index score and value sets can be experience-based (based on valuations
of individuals with the described health condition) or reference-based/hypothetical (based on
a population which the health conditions have been described to). The EQ-5D index can be
used to calculate quality-adjusted life years (QALY's) used in health economic evaluations.
Currently existing Swedish value set is experience-based (36), while the United Kingdom
value set is reference-based (37). SF-36 questionnaire can also be used to calculate QALYS,
transformed using the SF-6D, while EQ-5D is more commonly used and the preferred
measure of HRQoL by for example the National Institute for Health and Care Excellence
(NICE) in the United Kingdom (38). High reliability, validity and responsiveness of EQ-5D
have been shown in low back surgery (39).

2.4 ECONOMIC EVALUATION AND COSTS

An economic evaluation is “the comparative analysis of alternative courses of action in terms
of both their costs and consequences” according to Drummond et al. (40). In other words, it is
the analysis of costs (resource use) and consequences (health outcomes, effects) of two or
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more alternatives such as healthcare interventions. The purpose of economic evaluation is to
inform decision-making to improve the efficiency in the allocation of limited resources
(money, time, people). Economic evaluations play an important role in healthcare since
choosing one intervention over another will have effects not only for those who will receive
the intervention and their health, but will take resources from other parts of healthcare, and
may also have effects outside healthcare. An economic evaluation needs evidence on all
relevant effects of the intervention. One source is results from clinical studies, such as RCTSs,
but often complemented with evidence representing the effects in the everyday clinical
practice.

Because resources are scarce and can be used for different purposes, we must make choices
on how to use resources. If we decide to use resources for one alternative, another alternative
must be rejected, which results in opportunity cost, which is the value of the next best
alternative that is foregone. Costs in economic evaluation can be divided into direct and
indirect costs. Direct costs can be further divided into medical (hospital care, outpatient care,
diagnostics, procedures, drugs) and non-medical (transportation, social assistance) costs.
Indirect costs are costs of lost productivity due to the disease and leisure time cost. Economic
evaluations can be conducted from different perspectives which determines what type of
costs to include. Taking a healthcare sector, or payer, perspective, only costs that arise in the
healthcare sector are included i.e., direct medical costs. Taking a societal perspective, all
costs should be included irrespective of where they arise, and irrespective of whom pays the
costs, implying that both direct and indirect costs should be included. A societal perspective
has for example been recommended when applying for reimbursement to the Dental and
Pharmaceutical Benefits Agency in Sweden while National Institute for Health and Care
Excellence in the United Kingdom requires a healthcare perspective.

2.5 TREATMENT OPTIONS FOR CHRONIC PAIN

2.5.1 Non-Surgical Treatments

Optimal treatment varies, and when a specific cause of the pain, such as disc herniation or
spinal stenosis, then the underlying cause may be treated. Even if a specific cause is
identified, it is common to start with non-surgical treatments before considering spine surgery
or other invasive methods. Treating the pain itself typically require several methods. The
Swedish Agency for Health Technology Assessment and Assessment of Social Services
(SBU) concluded in a large evidence review of pain treatments that multimodal rehabilitation
(usually a combination of psychological therapy and physical activity/exercise or physical
therapy) has stronger evidence compared with separate interventions such as exercise (2).
Patients with pain from muscles and skeleton who receive both measures to improve the
physical function and psychological therapy have less days of sick leave than patients with
solitary treatments or passive control. Active and professionally-led exercise provided a 20—
30% better pain relief in patients with chronic pain compared with treatments where the
patient was not physically active (2). Pharmacotherapy with antidepressants and analgesics



such as opioids is common in patients with neuropathic pain but the evidence on pain relief
has been shown to be poor and adverse effects are common (41, 42).

2.5.2 Spine Surgery

About 10,000 in Sweden and 900,000 in the United States undergo spine surgery annually
and the numbers are increasing (11, 43). The most common diagnoses leading to surgery in
Sweden are disc herniation and spinal stenosis (11). Other common diagnoses are
spondylolisthesis and degenerative disc disorder. Main indication for surgery of disc
herniation is substantial chronic leg pain, i.e., pain with substantial effect on quality of life.
Surgery (discectomy) entails that a part of the disc causing the pressure on the nerve root is
removed. Main indication for surgery of spinal stenosis is when pain or functional
impairment is deemed unacceptable, and magnetic resonance imaging or computed
tomography show clear changes that could be consistent with the patient’s discomfort. A
decompression is performed entailing a widening of the spinal canal and thereby making
space for the nerve structures. Sometimes, decompression is combined with spinal fusion.

2.5.3 Spinal Cord Stimulation

2.5.3.1 Mechanism of Action

The “gate-control theory”, developed in the 1960s by Melzack and Wall (44), claims that
activation of nerves that do not cause pain signals (non-nociceptive nerves) can inhibit
nociceptive nerve signals causing pain. Neuromodulation therapies, originally based on this
theory, have since then been developed and are increasingly used to treat intractable pain with
neuropathic origin.

SCS, a minimal-invasive type of neuromodulation (implant of electrodes in the epidural
space), was the first clinically used electric neuromodulator to target chronic pain with a
neuropathic component. Between 300 and 600 SCS have been implanted annually in Sweden
since 2008, based on publicly available data on registered procedure codes (NOMESCO
Classification of Surgical Procedures, NCSP) for SCS (code ABD30) from the Swedish
National Board of Health and Welfare (45). Treatment with SCS entails that an implantable
pulse generator (IPG) is implanted under the skin, typically in the low back area (Figure 1).
The IPG sends low currents into the leads implanted in the dorsal column. The current creates
a tingling sensation that inhibits pain signals as they travel to the brain. Traditional SCS
produces tonic waveforms where pulses are delivered at a consistent frequency, pulse width,
and amplitude. Newer waveforms include burst stimulation (introduced in 2010) which
delivers high-frequency group pulses and amplitudes lower than tonic stimulation. High-
frequency 10 kHz (HF-10) delivers consistently high frequency.
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Electrodes and lead wires

Figure 1. lllustration of spinal cord stimulation (SCS) system with implantable pulse generator (IPG)
and electrodes placed between the spinal cord and vertebrae (epidural space)

Neuropathic pain is typically a result from peripheral sensitisation (increased responsiveness
for nociceptive stimuli in peripheral neurons) which in turn leads to central sensitisation of
neurons in the spinal cord. Abnormal pain sensitivity occurs in the central nervous system as
pain thresholds are lowered due to activation of N-methyl-D-aspartate receptors and size of
receptive fields increase. The molecular mechanism behind central sensitisation is complex
and involves several neuroactive substances. It is perceived that stimuli increases inflow of
neurotransmitters and neuromodulators including the excitatory amino acid glutamate,
calcitonin, and substance P to the dorsal horn of the spinal cord. A reduction in the release of
gamma-aminobutyric acid may also be involved in sensitisation. Animal models have shown
that high frequency SCS decreases spinal glutamate concentration in rats with spared nerve
injury (46). Additional rat model of neuropathy showed that SCS decreased glutamate as well
as increased gamma-aminobutyric acid release (47). It is perceived that changes in for
example glutamate and gamma-aminobutyric acid may have important roles in the
neuropathic pain relief of SCS, however, experts in the field believe more research is required
and it is uncertain how the results from experimental studies can be translated to a clinical
setting (48, 49).

2.5.3.2 Effect of SCS

The effect of SCS is primarily measured as patient-reported percentage pain relief using VAS
or NRS. Response to treatment is commonly defined as >50% pain relief. The IMMPACT
recommendations of minimal clinical important difference in chronic pain and identified that
>50% pain relief is considered substantial improvements while >30% pain relief is
considered a moderately important improvement (50).
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A search in PubMed/MEDLINE was conducted from 2016 to 2021 to identify systematic
literature reviews of the effectiveness of SCS on pain, HRQoL, disability, and function, and
health economic evaluations. Details of search methods are presented in Appendix A. The
search provided 95 hits and 15 reviews were deemed relevant, whereof 12 studied
effectiveness on pain, HRQoL, and other clinical measures, two studied cost-effectiveness of
SCS compared with conventional medical management (CMM) or reoperation for FBSS, and
one focused on the effect of SCS on return to work. Results from selected systematic
literature reviews are summarised in brief below and in Table 1. Summary of additional
reviews can be found in Appendix B.

2.5.3.2.1 Study Designs

Most systematic literature reviews focused on within-group comparisons, i.e., comparisons in
outcomes after SCS treatment initiation made with baseline and not with active comparator
outcomes. Common comparators were CMM, typically including analgesics, antidepressants,
steroid injections, and physical therapy, repeated spine surgery (FBSS patients), and different
waveform (for example burst/HF-10 SCS vs. tonic SCS). The two most cited RCTs were the
studies by North et al. and Kumar et al., comparing SCS with repeated spine surgery and
CMM, respectively, which precluded patient and clinician blinding (51, 52). One double-
blinded study (n=33) comparing SCS with sham (stimulator off) was identified (53). Several
RCTs comparing different waveforms were double-blinded (54). In the clinical studies, the
SCS treatment protocol often started with a trial stimulation to eliminate non-responders.
Trial stimulation often entails that leads are implanted and connected via temporary extension
to an external battery that the patient can wear for around two weeks. If sufficient response is
achieved, the patient may receive a permanent implant. Test stimulation was successful 80%
in a study by Rigoard et al. and 67% in a study by Kemler et al. (55, 56).

2.5.3.2.2 Change in Pain, Disability, Function, HRQoL, and Medication Use Compared
with Baseline

Most studies showed that SCS has an effect on pain, and studies generally report response
rates (defined as at least 50% pain relief) between 46-90%. Baranidharan et al. conducted a
systematic literature review of retrospective studies investigating the effect of HF-10 SCS
(57). At follow-up of 12 months or less, average pain relief ranged from 46—77% and
response rate (at least 50% pain relief) varied between 48-64%. At follow-up longer than 12
months, average pain relief ranged from 48-64% and response rate from 46—-76%.
Improvements in ODI and RMDQ ranged from 72-84%. An additional review and meta-
analysis by Baranidharan et al. of the effect of HF-10 SCS on pain reduction and opioid
consumption in patients with neck and upper extremity pain included 15 studies (58). The
pooled response rate (>50% pain relief) was 83% (95% confidence interval [Cl] 77-89%).
The proportion who reduced or ceased opioid consumption was 39% (95% CI 31-46%) in a
fixed-effect model and 39% (95% CI 31-48%) in a random-effects model.
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A systematic literature review by Eckermann et al. of clinical studies investigating the effect
of SCS in patients without prior spine surgery was conducted in 2021 (15). Response rate
(>50% pain relief) at 12 months varied between 52-90% in the SCS-treated patients. One
study reported an 80% response rate at 36 months (59, 60). Results on disability, function and
HRQoL relative to baseline varied between studies. Al-Kaisy et al. and Baranidharan et al.
reported statistically significant improvement on HRQoL measured by SF-36 and EQ-5D at
6 and 12 months (p<0.05) (60, 61). No statistically significant difference in HRQoL
measured by SF-36 (p>0.05) were seen in the study by Lucia et al. (62). Significant
improvement in disability measured by ODI at 6 months and 12 months were reported (60-
63). Eckermann et al. found in the review that opioid consumption declined, on average, after
SCS. The proportion who ceased opioid use at 12 months ranged from 17-67% (15).

2.5.3.2.3 Effects of SCS Compared with CMM and Repeated Spine Surgery

Results from randomised controlled trials that compared SCS with CMM, physical therapy,
or repeated spine surgery indicate that SCS is associated with significantly higher response
rate up to 5-years follow-up. Deer et al. conducted a systematic literature review of RCTs of
SCS in patients with chronic and intractable back pain, back and limb pain, and CRPS (54).
Five RCTs of SCS in back and radicular pain were identified. Primary outcome was the
proportion achieving at least 50% pain reduction in VAS in three studies. Compared with
repeated spine surgery, patients with FBSS treated with SCS achieved higher response rate
(52% vs. 19% with at least 50% pain reduction, p<0.05) with an average follow-up time of
2.9 years in a study by North et al. (51). Patients randomised to repeated operation required
an increase in opioids significantly more often (p=0.025) than those randomised to SCS.
Compared with medical management alone (Kumar et al.), patients with FBSS treated with
SCS achieved higher response rate (47% vs. 7%) at 24-months follow-up (52). Crossover was
from CMM to SCS was significant (30 of 41 randomised to CMM had crossed over to SCS at
24 months). A study by Kemler et al. included in the review investigated the effect of SCS
combined with physical therapy versus physical therapy alone in CRPS. SCS combined with
physical therapy was superior to physical therapy alone until month 36 whereafter the
difference was no longer statistically significant (56). At two years follow-up, there was a
statistically significant improvement in HRQoL (Nottingham Health Profile pain dimension)
for SCS combined with physical therapy versus physical therapy alone (p<0.05) (64).
However, no statistically significant difference with regards to HRQoL at five-years follow-
up (56). Inan RCT by Rigoard et al., SCS combined with “optimal medical management”
was compared with optimal medical management alone (n=218) in patients with FBSS (55).
SCS was associated with higher improvement in HRQoL (SF-36), disability (ODI), low back
pain and leg pain at 6 months follow-up in the intention-to-treat group (both trial-only and
implanted patients) (p<0.001). the as-treated analysis also showed results for HRQoL, pain,
and disability, favourable to SCS (p<0.001), Patients were allowed to switch treatment group
beyond month 6 and 55 of 108 in the optimal medical management group (51%) switched to
SCS. At 12- and 24-months follow-up, there was no significant difference in pain between
groups.
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2.5.3.2.4 Comparisons of Waveforms

Results from studies comparing tonic SCS with the newer waveforms burst or HF-10
generally indicate that the newer waveforms are associated with better effect than traditional
tonic waveform. Three studies included in the review by Deer et al. in back and radicular pain
compared different SCS waveforms showing that both tonic SCS, burst and HF-10 are
effective in terms of pain relief, and burst may be superior to tonic (54, 65-67). HF-10 was
superior to tonic SCS in a study by Kapural et al. but no difference was found in the study by
De Andres et al. (65, 67). In a review by the Ontario Health Technology Assessment,
including RCTs and randomised crossover studies, concluded that HF-10 was associated with
significant improvement in disability, and HRQoL compared with tonic SCS (68). Pollard et
al. identified no statistically significant difference between tonic SCS and high frequency
SCS with regards to reduction in opioid and pain medication (69). Karri et al. performed a
meta-analysis of five RCTs and prospective observational studies and found that burst SCS
was statistically significantly associated with higher pain score reduction compared with tonic
SCS (70).

2.5.3.3 Health Economic Studies

A review by Moens et al. was the only literature review that focused on evidence of return to
work or productivity loss following SCS (71). Studies that measured return to work following
SCS were retrospective case series, RCTs or prospective cohort studies with sample sizes
between 20 and 410 patients and follow-up up to five years. Seven studies were included in
the meta-analysis with a total sample size of 924. Data on work status before and after SCS
were patient-reported. The pooled analysis showed a statistically significant increase in the
odds of working following SCS compared with the same population before SCS (odds ratio
2.15, 95% CI 1.44-3.21). The effect appeared to be similar in patients treated with SCS for
back and leg pain and other indications. A medical chart study of sick leave and disability
pension in FBSS patients treated with SCS in Finland was published in 2019 and not included
in the systematic review (72). This showed that permanent SCS was associated with reduced
sick leave and disability pension compared with baseline.

Results from health economic evaluations of SCS indicate that SCS may be a cost-effective
option compared with several other treatment options. However, most studies on health
economic evaluations of SCS were conducted within-trial, with small sample sizes, short time
horizons, and do not adopt societal perspective, which may not fully capture all effects and
costs of the pain condition. Although within-trial evaluations have their merits, they may not
fully reflect the patient population in clinical practice, or the most relevant comparator in
clinical practice. Niyomsri et al. conducted a systematic review of cost-effectiveness of SCS
(73). The authors included trial-, model-, and case series based economic evaluations.
Fourteen studies were included for evidence synthesis, of which two evaluated SCS for the
indication angina pectoris, eight for FBSS, and four for CRPS and other indications. For
studies evaluating SCS for FBSS, four studies were conducted from a United Kingdom
healthcare perspective, one United States healthcare, one United States labour/industries, and
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two from a Canadian healthcare perspective. Studies evaluating SCS for CRPS were
conducted from a United Kingdom healthcare and Netherlandic health insurance/societal
perspective, respectively. Time horizon of the economic evaluations varied from one year to
lifetime, and most (11 of 14) studies had time horizon of 15 years or shorter. Ten studies were
based on RCT data. Choice of comparator varied, six studies compared SCS with CMM, two

compared with repeated spine surgery. The incremental cost-effectiveness ratios varied
widely from cost-saving to more than £100,000 per quality-adjusted life year depending on
the indication, time horizon, and comparator. SCS was estimated to be cost-saving and cost-
effective over long-time periods, from 15 years to lifetime, for most chronic pain conditions

considered.

Table 1. Systematic literature reviews on the effect of SCS and eligibility criteria of the reviews

Population/ I RETen . -
Author - and Outcomes Study designs  Findings
condition
comparator
Baranidharan, ~ Neck and Cervical HF- e Change in pain levels  Single-armed e 15 studies included
2021 (58) extremity 10SCs e Response rate prospective, e Pooled response rate
pain Comparisons (achieving >50% pain  retrospective at 12 months: 88%
with baseline reduction) observational, (95%CI 81-95%)
e QoL case reports for upper limb pain,
e Disability and 86% (78-93%)
e Function for neck pain
o Sleep
o Medication use
o Safety
Baranidharan,  Chronic pain  HF-10 SCS e Change in pain levels Retrospective ¢ 16 studies included
2021 (57) Comparisons e Response rate studies « Response rates
with baseline (achieving >50% pain ranged 67—-100% at
reduction) <12 months follow-
¢ Medication change up
e Function ® Response rate
e QoL ranged 46-76% at
o Adverse events >12 months follow-
up
® 32-71% of patients
decreased opioid or
non-opioid intake at
9-30 months follow-
up
¢ Functional capacity
(ODI/RMDQ)
improved with 72—
84%
Deer, 2020 Chronicand ~ SCSvs. e Change in pain levels ~ RCTs * 6 studies included
(54) intractable CMM/re- e Response rate « Response rates
back pain, operation (achieving >50% pain ranged 67-100% at
back and (FBSS)/other reduction) <12 months follow-
limb pain, SCS e QoL up
CRPS modalities « Disability ¢ SCS vs. CMM:
¢ Function Response rate 47%
e Sleep (SCS) vs. 7%
e Pain medication use (CMM) at 24
months
© SCS+PT vs. PT:
SCS+PT superior vs.
PT at follow-up <36
months; no
significant
difference beyond
36 months
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© SCS vs. reoperation:
Response rate 52%
(SCS) vs. 19%
(reoperation)

Eckermann, Chronic SCS ¢ Change in pain Retrospective o 16 studies included
2021 (15) back pain Comparisons ¢ Response rate cohort,  Response rates
without with baseline (achieving >50% pain retrospective ranged 52-90% at
prior spine reduction) database, RCT 12 months follow-up
surgery o Adverse events subgroup data e Proportion who
e QoL ceased opioid use at
e Disability 12 months ranged
e Function 16.7-66.7%
o Medication use
Moens, 2019 Chronic pain  SCS e  Return to work RCTs, e 15 studies included
(71) Comparisons retrospective e Pooled odds of
with baseline case series, returning to work
prospective after SCS vs. before
cohort SCS: OR 29.06
(95%CIl 9.73-86.75)
Niyomsri, Chronic pain  SCS/DRG, e  Costs Economic e 14 studies included
2020 (73) several e Utility evaluations o Cost-effectiveness
comparators e Incremental cost- model or trial ranged widely from
including effectiveness ratio based dominant (SCS cost-
CMM and (cost per QALY) saving and more

reoperation in
FBSS

effective) to
incremental cost-
effectiveness ratio of
£100,000 per QALY
o Cost-effectiveness
appeared to depend
on the time horizon,
choice of
comparator, and
indication. 10 of the
studies indicated
SCS as cost-saving
or cost-effective
compared with the
alternative strategies

Abbreviations: Cl: Confidence Interval; CMM: Conventional Medical Management; CRPS: Complex Regional Pain
Syndrome; FBSS: Failed Back Surgery Syndrome; HF-10: High Frequency 10 kHz; ODI: Oswestry Disability Index; OR:
Odds Ratio; PT: Physical Therapy; RCT: Randomised controlled trial; RMDQ: Roland-Morris Disability Questionnaire;
SCS: Spinal Cord Stimulation; QALY Quality-Adjusted Life-Year; QoL: Quality of Life

2.5.4 National Treatment Guidelines

The National Institute of Health and Care Excellence (NICE) in the United Kingdom has

published guidelines for assessment of chronic primary and secondary pain and management
of primary pain (74). The guidelines recommend exercise programmes and physical activity,
psychological therapy, acupuncture, and pharmacotherapy in patients where no clear
underlying condition or impact of pain is out of proportion to any observable injury or
disease. NICE publishes separate treatment guidelines for management where a specific
cause for the condition is found. For neuropathic pain, NICE has published recommendations
for pharmacological management in non-specialist settings (75).

There is currently no national care guideline in Sweden for chronic pain but was suggested by
in a report published in 2016 by the Swedish Association of Local Authorities and Regions in
collaboration with several patient organisations, researchers, clinical experts (76). The report
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pointed out that regional or local primary and secondary care guidelines were lacking, and

that overarching care programmes was missing in half of Sweden’s regions.
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3 RESEARCH AIMS

It is important to efficiently allocate the limited resources in healthcare to maximise health
outcomes. Clinical studies have shown that SCS improves pain, HRQoL and disability, in
patients with chronic pain of neuropathic origin, and has long been used in clinical practice.
However, there is currently little known about characteristics of patients receiving SCS in
clinical practice, the long-term effects, and the potential influence of patient characteristics on
effects. To improve efficient allocation of resources and ultimately improve health and
quality of life of individuals affected by chronic pain, it is important to increase the
knowledge about real-world and long-term costs, effects, what factors predicts successful
outcome, and which patients may benefit from other interventions.

The broader aim of the thesis is to investigate health outcomes and societal costs in patients
with chronic pain treated with SCS. Two sub-studies with the following aims were conducted
to achieve the overarching aim:

Study I: To describe the use of SCS, costs, and pre-spine surgery and post-spine surgery
HRQoL, disability, and pain, in patients who have received SCS treatment following spine
surgery.

Study II: To analyse the impact of SCS on sick leave and disability pension and to explore
what potential predictors are associated with the impact.
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4 MATERIALS AND METHODS
4.1 DATA SOURCES STUDY IAND II

4.1.1 The National Patient Register

The National Patient Register held by the Swedish National Board of Health and Welfare
contains patient data, geographical data, administrative data, and medical data for both
inpatient and outpatient hospital care (i.e., patient visits in non-primary outpatient care) in
Sweden. The register contains main and secondary diagnosis codes for each admission and
outpatient visit as well as procedure codes. Complete in- and outpatient data between 2001—
2012 were available from the register for all patients included in the study population in
Study 1. For Study II, data between 2001-2019 were available.

4.1.2 Swespine

Swespine is administered by a steering group appointed by the Swedish Spine Surgery
Association. About 95% of Sweden's clinics currently report to Swespine (11). Swespine
includes clinical information at baseline spine surgery and follow-up conducted at one, two,
five, and ten years after surgery. Swespine also includes patient-reported outcome measures
(PROMs), as well as with patient-reported experience measures. Swespine data from 2000
2012 were used in Study I. Swespine data were not used in Study 1.

4.1.3 The Register of the Total Population

The Register of the Total Population, held by Statistics Sweden, was used to construct a
reference group for Study Il. The register covers the entire Swedish population and contains
basic demographic and socioeconomic information on individual level. A random sample of
individuals from the register was used to construct the reference group. Cases and reference
individuals were matched on age, gender and region of residence based on data from the
register of the total population.

4.1.4 Micro Data for Analysis of the Social Insurance (MiDAS)

Individuals at least 16 years old living in Sweden, with income from work, unemployment, or
parental-leave benefits can get disability benefits if they have a disease or condition leading
to reduced work capacity (26). Data from the Swedish Social Insurance Agency are available
on all sick leaves (episodes longer than 14 days, dates of start and end of episode and cause of
sick leave) covered by the social insurance at individual level. Moreover, individual data is
available on episodes of disability pension. The National Social Insurance Agency is the sole
administrator of sick leave and disability pension benefits in Sweden and holds the MiDAS
register. This allows for complete coverage of productivity loss of the study population.
Extracted data included start and end of sick episodes and proportion of a patient’s working
time covered by a benefit and more. Data from MiDAS was extracted for the period 2000—
2012 for the study population in Study I and for the period 2000-2019 in Study II.
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4.1.5 Longitudinal Integration Database for Insurance and Labour Market
Studies (LISA)

The LISA register held by Statistics Sweden integrates existing data from the labour market,

educational, and social sectors and is updated every year with a new annual register.

Extracted data included disposable income, country of birth, immigration, place of residence,

and highest level of education. Data for the period 2000-2012 were extracted for Study I and

20002019 for Study 1.

4.1.6 The Cause of Death Register

Date of death was obtained from The Cause of Death Register held by the National Board of
Health and Welfare. The statistics on causes of death comprise all deaths, covering Swedish
residents, whether the person in question was a Swedish citizen or not and irrespective of
whether the deaths occurred in Sweden or not. The quality of the statistics varies, depending
on the examinations made to define the underlying cause of death and due to changes in the
classification system and processing methods. Complete data from the register between
20002012 were available for analysis for all patients included in the study population of
Study | and between 2000-2019 for Study II.

4.1.7 The Prescribed Drug Register

The Prescribed Drug Register held by the National Board of Health and Welfare covers all
medicines and consumables (such as stoma products and special diet foods) dispensed on
prescription at pharmacies in Sweden. The register started in July 2005, and data were
available for the study populations from July 2005-2012 in Study | and from July 2005-2019
in Study I1.

4.1.8 Linking of Data Files

When all patients (and individuals in the reference group were identified in Study Il) were
identified, personal identification numbers were sent to Statistics Sweden. Statistics Sweden
created study keys that enabled linking between the registers described above.

4.2 STUDY I

4.2.1 Study Design

This study was an exploratory, retrospective observational study of the effects of spine
surgery in patients subsequently treated with SCS and cost trajectories before and after spine
surgery and subsequent SCS. All patients who underwent spine surgery in Sweden served as
a reference cohort.

4.2.2 Study Participants

Two cohorts with separate inclusion criteria were included in this study, which were partially
overlapping.
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Cohort 1 (“All spine surgery patients”): All patients who underwent lumbar spine surgery
according to relevant diagnosis (International Classification of Diseases version 10, ICD-10)
and procedure (NCSP) codes.

Cohort 2 (“To-be SCS patients”): All patients who had undergone lumbar spine surgery and
subsequent SCS treatment. Patients were required to have two registered codes within 100
days registered in the National Patient Register with NCSP code ABD30, that is, permanent
SCS implantation. The procedure code ABD30 is frequently used for test stimulation as well
as for the subsequent permanent implant (also confirmed by a mapping of all SCS-related
procedure codes recorded in the database). Therefore, two consecutive ABD30 codes were
required to differentiate patients only undergoing the test stimulation from those receiving
permanent SCS implants.

Two separate index time points were defined. The index time point was the start of
observation for each participant. Index time point 1 was the date of the first identified lumbar
spine surgery. Index time point 2 was at the date of the first identified SCS implantation.
Patients with an index time point 2 also had an index time point 1, but patients with an index
time point 1 did not necessarily have an index time point 2.

4.2.3 Outcomes

The study was exploratory in nature and included several health and cost outcomes in relation
to initial lumbar spine surgery and subsequent SCS. Health outcomes of SCS were not
assessed due to unavailability of data collected specifically at baseline and after SCS. The
following pain, functional, and HRQoL outcomes of initial lumbar spine surgery were
assessed in this study:

e Patient reported back pain intensity on a 100mm VAS at year 1, 2, and 5 after lumbar
spine surgery

e Patient reported leg pain intensity on a 100mm VAS at year 1, 2, and 5 after lumbar
spine surgery

e Patient reported disability due to back pain measured using ODI at year 1, 2, and 5
after lumbar spine surgery

e Patient reported HRQoL measured using EQ-5D-3L at year 1, 2, and 5 after lumbar
spine surgery

The following cost outcomes of initial lumbar spine surgery and SCS, respectively, were
assessed:

e Indirect costs of sick leave and disability pension year 1, 2, and 3 after lumbar spine
surgery/SCS and 1, 2 and 3 years before lumbar spine surgery/SCS

e Direct healthcare costs (outpatient, inpatient care, and pharmaceuticals dispensed at
pharmacy) year 1, 2, and 3 after lumbar spine surgery/SCS and 1, 2 and 3 years
before lumbar spine surgery/SCS
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e Total costs (indirect + direct costs) year 1, 2, and 3 after lumbar spine surgery/SCS
and 1, 2 and 3 years before lumbar spine surgery/SCS

The United Kingdom value set by Dolan was used to convert EQ-5D health states to HRQoL
index scores (37). Costs were calculated by multiplying the number of each resource used
with its corresponding unit cost. Unit costs for outpatient visits and inpatient hospitalisations
were collected from the regional price list of an administrative region of Sweden (Sodra
Regionvardsnamnden) (77). Costs of spine surgery were collected from diagnosis-related
groups price lists and the reimbursement system of spine surgery in Region Stockholm
because of sufficiently detailed prices for different interventions (78). For drug prescriptions,
the total cost registered in the Prescribed Drug Register, including fees paid by the patient and
by the county council, was used.

The Swedish sick insurance system can broadly be divided into sick leave (absences longer
than >14 days) and disability pension that are generally approved for persons with such
disability making it unlikely for her/him to return to work within foreseeable future. Indirect
costs consisted of productivity loss related to sick leave and disability pension. The most
commonly used approach to value the indirect cost of reduced work productivity is the
human capital approach (79). This approach was used to value days of sick leave/disability
pension in monetary terms. According to this approach one day of work absence was
assumed to be equal to the average gross daily wage (€147 in Sweden at the time of the study
based on data from Statistics Sweden).

4.2.4 Data Analysis

Descriptive statistics, including mean values and frequencies were used to describe the two
cohorts. Independent sample t-tests were conducted to test the difference between “All spine
surgery patients” and “To-be SCS patients” in continuous variables. Statistical tests were
two-sided and based on a significance threshold level of 0.05. PROMs (VAS, ODI, and EQ-
5D) were analysed by calculating the mean values at baseline and up to five years after spine
surgery. Direct, indirect costs, and total costs (indirect and direct) were summarised for each
patient and presented as mean costs per month three years before and after spine surgery
(index date 1), and three years before and after SCS implantation (index date 2). Formal
significance testing of outcomes were not conducted due to the exploratory nature of the
study. Costs are presented in EUR (€) 2016 (€1=9.47SEK).

4.3 STUDYII

4.3.1 Study Design

This study was a population-based retrospective observational study using data from Swedish
nation-wide registers of the impact of SCS on sick leave and disability pension and what
potential predictors are associated with the impact. This study included a reference group
matched on sex, age, and region of residence.
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4.3.2 Study Participants

The study population consisted of patients who initiated SCS treatment identified using the
NCSP code ABD30 during 2006-2017. The inclusion criteria were:

e Inworking age (defined as 19-64 years) during the follow-up period, i.e., aged 21-62
years at first implantation

e Had permanent SCS, defined as permanent implantation within 100 days of the test
period

A matched reference group was drawn from the Swedish general population to rule out
potential effect of societal changes that may impact the use of sick or disability benefits (e.g.,
unemployment, changes to the social security system). The reference group consisted of five
individuals matched without replacement with respect to age, sex, and region of residence to
each SCS patient.

4.3.3 Outcomes

Main outcome of the study was the change in net disability days from two years (month 24 to
12) before SCS to two years after SCS (month 12 to 24). Net disability days were defined as
the degree of compensation (the percentage of the patient’s working time which is covered by
sick leave benefits and/or disability pension) multiplied with the gross number of days with
granted sick leave or disability pension. Given the differences between the two types of sick
benefits (sick leave and disability pension), potential differences in treatment effect for sick
leave and disability pension were tested in a sensitivity analysis.

Additional outcome was the indirect cost of sick leave and disability pension. Indirect cost
was measured by assigning a monetary value to net disability days according to the human
capital approach (79). As in Study I, one day of work absence was assumed to be equal to the
average gross daily wage which in Study Il was differentiated based on sex and education
level. Data on wages were based on publicly available data from Statistics Sweden.

4.3.4 Data Analysis

A difference-in-difference approach was used to create a model in which the change in net
disability days in SCS patients before and after treatment-start was compared with the change
during the same calendar time-period of matched reference individuals. The change in net
disability days was measured as the difference in total days month 12-24 after index date
(“after period”’) compared with month 24—12 before index date (“before period”). The
difference-in-difference model subtracts the average change over time in the reference group
from the average change over time in the treated group (80). The period of 12—24 months
before and after index date was chosen to wash-out the initial increase in disability days in the
months before and after SCS implantation that could be related to preparing or recovering
from the procedure, rather than long-term effect on sick leave/disability pension. Data on
education level and employment status were missing in 1-2% of the study groups. These data
were imputed using Multiple Imputation by Chained Equations (81). Five complete datasets
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were simulated based on regressions using data available for all predictors. The average of
the simulated values (that were originally missing) were then used in the analysis.
Independent sample t-tests were conducted to test the difference between SCS patients and
matched individuals in continuous variables. Chi square test was used to test differences in
categorical variables. Statistical tests were two-sided and based on a significance threshold
level of 0.05. Costs are presented in EUR (€) 2020 (€1=10.49SEK).

4.4 RESEARCH ETHICS AND FUNDING

The sub-studies were approved by the Swedish national ethical review board (registration
numbers 2013/2225-31/5 [Study 1], 2017/812-32 and 2017/297-31 [Study 11]) and were
conducted in accordance with legal and regulatory requirements, followed generally accepted
research practices described in Guidelines for Good Pharmacoepidemiology Practices (GPP)
issued by the International Society for Pharmacoepidemiology (ISPE), the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines, and with the
ethical principles laid down in the Declaration of Helsinki (82-84). The sub-studies were
conducted in accordance with the EU General Data Protection Regulation 2016/679 (GDPR).
The sub-studies were based on already collected electronic registry sources and used pseudo-
anonymised data that contain no direct identifiable patient information. Patient consent is not
required for registry-based studies. Study individuals were not contacted. Only researchers in
the study group had access to the data to perform statistical calculations and analyses. All
study reports and publications contained aggregate data only and identification of individual
patients is not possible.

Study I was financially supported by Medtronic Inc. and Study Il was financially supported
by Abbott Inc., both companies manufacturing and marketing SCS products. The research
group had full authority over the different parts of the doctoral thesis: collection,
management, data analysis, interpretation of results, writing of the scientific papers in the
thesis, and the decision to submit the scientific papers for publication.
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5 RESULTS

Below is a summary of results from each sub-study included in the thesis.

5.1 STUDY I: COST AND HEALTH OUTCOME PATTERNS IN PATIENTS
TREATED WITH SCS FOLLOWING SPINE SURGERY
Study | describes health outcomes and costs in 73,765 All spine surgery patients (the
reference cohort) and 239 To-be SCS patients (patients who received SCS treatment after
spine surgery). Mean age at index spine surgery and index SCS were 55 and 47 years,
respectively, and around 50% of the two cohorts were women. Spinal stenosis was the most
common primary diagnosis at index spine surgery in All spine surgery patients (45%; 30%
had disc herniation), while the most common diagnosis in the SCS cohort at index spine
surgery was disc herniation (38%; 27% had spinal stenosis). The two cohorts were similar in
terms of education level, ethnicity, and comorbidities. To-be SCS patients had in general
higher number of reoperations compared with All spine surgery patients (48% vs. 16% had
>2 spine surgeries). Mean time to SCS after spine surgery was 4.3 years.

Comparing follow-up values after lumbar spine surgery with baseline, there were statistically
significant improvements in back and leg pain intensity, HRQoL, and disability (ODI) in All
spine surgery patients (Table 2). Mean EQ-5D score increased from 0.34 at baseline to 0.70
after five years, ODI decreased from 43 to 22, VAS back pain decreased from 53 to 29 and
VAS leg pain decreased from 61 to 26 (p<0.001).

HRQoL, disability, and back and leg pain intensity did not change during follow-up
compared with baseline in To-be SCS patients. The To-be SCS patients had statistically
significantly worse HRQoL and higher disability (ODI) at baseline compared with All spine
surgery patients. Back and leg pain intensity were numerically higher at baseline compared
with All spine surgery patients, but the difference was not statistically significant.

Table 2. Overview of changes in PROMs over five years after spine surgery (n=73,765)

To-be SCS patients (Cohort 2): A9 e Ay PRI

FROhS patients receiving SCS after spine surgery ((:(ggggtrt L reieienEs
Mean value (95% CI) Mean value (95% CI)
EQ-5D
Baseline 0.22 (0.15-0.29) 0.34 (0.34-0.34)
12 months 0.21 (0.13-0.30) 0.68 (0.68-0.68)
24 months 0.20 (0.10-0.30) 0.69 (0.68-0.70)
60 months 0.20 (0.10-0.31) 0.70 (0.68-0.72)
ODI
Baseline 47.65 (44.44-51.05) 43.48 (43.3543.61)
12 months 49.59 (44.90-53.79) 21.85 (21.70-22.00)
24 months 50.25 (45.01-55.16) 21.49 (21.30-21.68)
60 months 49.67 (44.33-55.27) 21.51 (21.25-21.77)
VVAS Back Pain
Baseline 56.08 (50.71-61.49) 52.65 (52.46-52.84)
12 months 52.31 (45.75-59.11) 28.61 (28.38-28.84)
24 months 60.96 (53.15-68.32) 29.50 (29.23-29.77)
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60 months 57.40 (47.97-67.61) 28.70 (28.31-29.09)

VAS Leg Pain
Baseline 61.83 (55.63-67.49) 61.43 (61.24-61.62)
12 months 58.05 (50.30-65.70) 26.08 (25.85-26.31)
24 months 66.78 (58.77-75.12) 27.02 (26.75-27.29)
60 months 63.15 (53.70-72.46) 25.80 (25.41-26.19)

Abbreviations: Cl: Confidence Interval; EQ-5D: EuroQoL Five-Dimensions; ODI: Oswestry Disability Index;
PROMs: Patient Reported Outcome Measures; SCS: Spinal Cord Stimulation; VAS: Visual Analogue Scale

In All spine surgery patients, mean direct costs gradually increased during the three years up
until spine surgery, peaked during the month of surgery, and then decreased three years after
surgery (mean cost year -3: €110, year -2: €131, year -1: €198, year 1: €616, year 2: €197,
year 3: €176). For To-be SCS patients, direct costs were slightly lower three and two years
prior to spine surgery compared with All spine surgery patients, whereas direct costs were
higher in the three years after spine surgery (year -3: 82, year —2: €105, year —1: €203, year 1:
€797, year 2: €435, year 3: €442). Over the period of three years before and three years after
spine surgery, costs related to surgery and other inpatient care constituted the majority of
direct costs (68%). Drug costs and costs related to outpatient visits accounted for similar
shares (16%, respectively) of direct costs. These shares were similar in the two groups All
spine surgery patients and To-be SCS patients.

Similarly to direct costs, indirect costs in All spine surgery patients increased in the three
years leading up to surgery, peaked at the first month after surgery and then gradually
decreased. In To-be SCS patients, indirect costs increased leading up the initial lumbar spine
surgery. Costs due to sick leave peaked at the first month after surgery and then gradually
decreased, whereas costs due to disability pension continued to increase during the first
month after spine surgery. In total, indirect costs remained on a rather stable level more than
three years following spine surgery. After SCS treatment initiation, indirect costs decreased.
The decrease in sick leave is more pronounced, whereas the disability pension rate initially
slightly increased for one year after the implant, after which it slightly decreased (Figure 2).
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Figure 2. Mean indirect costs per month in To-be SCS patients by sickness benefit before and after
initial spine surgery and SCS implantation (early retirement=disability pension)

Regarding total costs, To-be SCS patients had higher costs both before and after spine surgery
compared with All spine surgery patients. The difference in total cost between these two
cohorts increased after spine surgery. For To-be SCS patients, from the third year before
spine surgery to the third year after surgery, total monthly costs increased with on average
€2,193, whereas during the corresponding period before and after SCS, costs decreased with
€1,133. In All spine surgery patients, total costs increased slightly after the spine surgery.
Excluding the cost of the initial SCS procedure and assuming the costs would have remained
at the same level as in the six months prior to surgery, the estimated total cost reduction three
years post-SCS compared with three years pre-SCS was estimated at €32,036/patient
(including the cost per SCS: €19,814). On average, over the study period and across cohorts,
the share of total costs that were indirect cost was 87% when excluding cost per SCS and
71% including cost per SCS.

5.2 STUDY II: IMPACT OF SCS ON SICK LEAVE AND DISABILITY PENSION

Results from Study 11 show that the majority treated with SCS in Sweden are women (56%),
most were born in Sweden (86%), and the average age at initiation is 47 years. In total, 6,492
individuals were included in the study: 1,082 SCS patients and 5,410 matched reference
individuals. Compared with the age-, sex- and region matched reference group, SCS patients
were statistically significantly less likely to have post-secondary/post-graduate education,
being employed, and had lower income. Twenty-three percent had a prior spine surgery (last
five years). The use of anti-depressants, opioids and other analgesics was substantially higher
than the general population. Around half of the SCS patients had at least one prescription of
an opioid or anti-depressant in the last three months.
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The crude number of net disability days in the SCS group in the “before period” (2412
months before index date) was 214 (95% CI: 206-222), and in the “after period” (1224
months after index date) 194 days (95% CI: 185-203), yielding a crude difference of 20 days.
In the reference group, net disability days slightly increased by 1.2 days: mean days was 33
(95% CI: 31-35) and 34 (95% CI: 32-36) in the before and after period, respectively.

The difference-in-difference analysis showed that SCS reduced the net number of disability
days (p<0.001) when taking into account the change in net disability days in the reference
group (Table 3). The adjusted change in net disability days was slightly higher than in the
crude analysis (21 vs. 20 days). Higher age, more comorbidities, use of either strong or weak
opioids, and more extensive usage of non-opioids and anti-depressives were associated with
an overall (disregarding group or time period) larger number of disability days (p<0.001).
Men and individuals with higher education level had fewer such days (p<0.001).

Interactions of potential predictors, group (SCS patients or reference individuals) and time
period (before or after index date) were used to identify the difference in treatment effect
(change in net disability days) by predictor. Males, and being born outside Europe were
numerically associated with better treatment effect compared with other treated patients
although not statistically significant (p=0.228). Higher age was numerically associated with
poorer treatment effect (net disability days increased), although not statistically significant
(p=0.154). Similarly, use of non-opioid pain medicine and any opioids were associated with a
poorer, but not statistically significant, treatment effect. Use of anti-depression medicine was
significantly associated with poorer treatment effect (coefficient 21.9, p<0.001).

Table 3. Difference-in-difference estimates of net disability days (n=6,492)

Interaction effect of
potential predictors &

treatment effect
(predictor*zp;p), coefficient
Variable Coefficient (SE) (SE)
SCS group effect, B, 112.0 (5.8)***
Period effect, 8; (1 if after index date, O if before index date) 1.2 (0.7)
Treatment effect, Tp;p -21.2 (4.1)***
Calendar year -4.4 (0.4)***
Predictors
Age 1.9 (0.1)*** 0.6 (0.4)
Male -11.0 (2.1)*** -8.4 (8.2)
Comorbidities 14.2 (1.7)*** 5.0 (3.9)
Any opioid use 3 months before index date 44.9 (15.0)*** 8.0 (11.1)
Use of strong opioid 3 months before index date -6.7 (13.2) -15.1 (26.7)
Use of weak opioid 3 months before index date -23.9 (13.6)* 12.8 (11.3)
g\ar:é/ non-opioid pain medicine use 3 months before index 27.6 (5.4 6.0 (9.9)
Any anti-depression medicine use 3 months before index date 40.8 (4.6)*** 21.9 (9.4)***
Previous spine surgery -3.8(8.1) 16.0 (82.5)
Country of birth: Europe, not Sweden (RC: Sweden) -5.2(4.2) -27.6 (15.6)*
Country of birth: Other (RC: Sweden) -37.0 (4.4)*** -24.9 (20.7)
Education level: Secondary school (RC: primary school) -20.4 (4.0)*** 11.8 (11.6)
SEC(:]%(:;t)lon level: Post-secondary/post-graduate (RC: primary -35.8 (4.0 7.6 (12.9)
Yearly income (€) -1.4 (1.9) 8.9 (20.0)
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Unemployed 73.5 (3.1)*** 13.0(8.2)
***Significant on 1% level, ** Significant on 5% level, *Significant on 10% level. Abbreviations: SE: Standard Error; RC:
Reference Category. Negative coefficient indicates decreased net disability days

The indirect cost associated with sick leave and disability pension were estimated by group
and period using a two-part regression model. Mean indirect cost decreased in the SCS
groups from the before to the after period and slightly increased in the reference group. Mean
saving of indirect costs during year two after index date compared with year two before index
date on the treated SCS group was €3,372.

Sensitivity analyses were conducted to test whether the impact of SCS was different
depending on sick/disability benefit type. SCS was associated with a reduction in sick leave
(decreases net sick leave days, coefficient -39.0, p<0.01), and with an increase in disability
pension (increases net disability days coefficient 17.8, p<0.01). In an additional sensitivity
analysis, net disability days in month 25-36 after index date was compared with month 25—
36 before index before in each group. This sensitivity analysis showed that SCS treatment
had no impact on net disability days, indicating that in the third year after SCS, net disability
days decreased to a similar level as three years before index date (coefficient 1.2, p=0.796).
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6 DISCUSSION

Chronic pain is complex, with many different causes often associated with psychological
aspects that may increase the difficulty to find optimal treatments. At the same time, chronic
pain is common and the losses in quality of life and productivity on a population basis are
substantial. To address these challenges, the importance of selecting both effective and cost-
effective interventions is crucial. Significant efforts have been made to elucidate the burden
of chronic pain on the individual and the society, while less efforts have been made to
evaluating long-term effect of treatments on populations in clinical practice what factors
influence treatment effect. Optimising patient selection is important to designing effective
therapy.

This thesis aimed at investigating societal costs and health outcomes in patients with chronic
pain treated with SCS and to explore what potential factors may impact the effect of
treatment. Both sub-studies (Study I and I1) used Swedish register data to address this
research aim. Study I and Il were based on two different data extractions that were similar in
terms of registers included, although the inclusion criteria for data extraction in Study | was
individuals who underwent spine surgery and for Study Il individuals who underwent either
spine surgery or SCS. Study | was an exploratory study with the aim of describing the
characteristics of patients receiving SCS, costs, and pre-spine surgery and post-spine surgery
HRQoL, disability, and pain, in patients who have received SCS treatment following spine
surgery in clinical practice. All patients who underwent spine surgery, with or without
subsequent SCS, served as a reference group so that the effect of spine surgery in SCS treated
patients could be compared with. Study Il aimed at analysing the impact of SCS on sick leave
and disability pension and explore what potential predictors are associated with the impact.
Study 1l compared the change in net disability days in patients treated with SCS (with or
without prior spine surgery) with a reference group from the general population.

Study | showed that the initial spine surgery did not have any effect on HRQoL, disability,
pain, work ability, and healthcare resource use in patients subsequently treated with SCS.
Patients with subsequent SCS (To-be SCS patients, n=239) had statistically significantly
higher disability and lower HRQoL already at baseline spine surgery compared with All spine
surgery patients (n=73,765). To-be SCS patients also had numerically higher pain at baseline
spine surgery compared with All spine surgery patients, but this difference was not
statistically significant. Follow-up data on health outcomes specifically in relation to SCS
were not available, but a numerical decrease in direct healthcare and indirect costs following
SCS was noted (difference was not formally tested). Study Il showed that SCS (with or
without prior spine surgery, n=1,082) was associated with a statistically significant decrease
in sick leave days, but not disability pension days which increased. The overall net disability
days and consequently indirect cost in working age patients decreased followed SCS when
compared with the change in a reference group from the general population. Large
productivity loss in SCS patients was demonstrated, indicating a significant burden on the
patients, the employers, and the society at large. Usage of anti-depressants was statistically
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significantly associated with poorer effect of SCS on disability days. Other socioeconomic
and clinical factors had no statistically significant association with the effect of SCS on
disability days.

6.1 THE USE OF SCS IN SWEDISH CLINICAL PRACTICE

This thesis showed that the mean age of SCS treated individuals was 47 years and the
proportion women was 56%. This is similar to characteristics of patients with FBSS treated
with SCS seen in a Finnish study where mean age was 45.5 and the share women was 50—
47% (72). Study | included individuals treated with SCS and prior spine surgery while Study
Il included individuals treated with SCS disregarding prior treatments. These two populations
were similar in terms of age, sex, ethnicity, and education level. Patients treated with SCS
had substantially higher usage of opioids, other analgesics, and anti-depressants compared
with the matched reference group from the general population. About 50% of patients treated
with SCS used opioids or anti-depressants in the three months before treatment start, as
compared with 4% and 8% in the matched reference group, respectively. Surprisingly, Study
Il showed that only 23% of the patients had a prior spine surgery, which has historically been
the most common indication (FBSS) for SCS and the most evidence from clinical studies.
However, this figure may not be representative of any historical spine surgeries, since there
were only five years of look-back data in the National Patient Register for patients who
received SCS early in the study period. In a retrospective study of HF-10 SCS, 61% had
FBSS, however this study was small (31 patients) and was restricted to patients who had
failed on tonic SCS (85).

6.2 HRQOL, DISABILITY AND PAIN

Results from Study | show that there are differences in HRQoL, disability, and pain between
patients who eventually underwent SCS treatment after lumbar spine surgery (To-be SCS
patients) and all patients who underwent spine surgery. The To-be SCS patients experienced
on average an increase in pain intensity and disability, although not statistically significant,
and a lowering of HRQoL two and five years after spine surgery compared with baseline.
Although worse outcomes of spine surgery in the to-be SCS patient group is expected, given
that they received further treatment for persistent pain, the data contributes to the knowledge
of that these patients experience no effect to worsening of spine surgery and this can be
observed already one year after surgery. Also, the To-be SCS patients had statistically
significantly lower reported HRQoL and worse disability already at the time of the spine
surgery compared with All spine surgery patients. To-be SCS patients also had numerically
worse pain at baseline, but this difference was not statistically significant. These findings may
warrant for investigating the possibility of identifying these patients for SCS or other
treatments even before spine surgery or earlier after the spine surgery. There might be a
proportion of patients who could benefit from SCS treatment, but who in fact were not treated
with SCS, potentially due to restricted access. In this thesis, it was not possible to identify
these patients as data on, for example, patient history and clinical examinations were not
available. Future research may investigate whether there are potential improvements in health
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outcomes if more patients with persistent pain following spine surgery could be identified and
treated with SCS, and also whether initial spine surgery could in some cases be avoided.
Cost-effectiveness analysis of spine surgery compared with SCS instead of spine surgery may
also be warranted, if sufficiently detailed data allowing to predict outcomes of spine surgery
versus SCS becomes available.

6.3 IMPACT OF SPINE SURGERY AND SCS ON COSTS

Patients who received SCS following spine surgery (To-be SCS patients) had higher costs
before the initial spine surgery and remained at a higher cost level after spine surgery
compared with All spine surgery patients. The spine surgery appeared not to have any impact
on costs in To-be SCS patients, in contrast to All spine surgery patients who, on average,
experienced a cost decrease after spine surgery. Future studies may investigate whether the
observed decline in costs following SCS treatment corresponded to an improved HRQoL and
decreased pain for these patients. Results from clinical studies indicate that SCS is associated
with improved HRQoL compared with before SCS (55, 64). However, studies for larger
samples from real-world clinical practice is needed.

Large loss of work ability in patients treated with SCS, with or without prior spine surgery,
was identified in Study 11, as patients had on average 214 net disability days during a single
year prior to treatment start. The difference in work loss between patients with chronic pain
treated with SCS and the age- and gender matched reference group was also substantial and
statistically significant after adjusting for comorbidities, usage of opioids, non-opioid
analgesics and antidepressants, and sociodemographic variables such as education level. This
adds details to the existing literature about the impact that chronic pain has on the patient and
the society at large. The main analysis of Study 1l compared the outcome of net disability
days two years after SCS with two years before SCS, subtracting the change in the reference
group. The results showed that SCS had a statistically significant effect on net disability days
(decrease in net disability days of 21 days per patient). The reduction in net disability days
corresponded to a decrease in indirect costs of €3,372 per patient comparing year two after
SCS with year two before SCS.

In Study 1, SCS was statistically significantly associated with a decrease in sick leave but an
increase in disability pension. Although it was expected that disability pension would not
substantially decrease (as such benefits are approved for long time periods), it was
unexpected that disability pension would significantly increase. A decrease in disability
pension following SCS was observed in Finland, but because of potential differences in social
insurance system and rules for different types of benefits, it is difficult to compare the results
with other settings (72). In Study 1, indirect costs related to disability pension decreased
numerically (from about €1,500/month 1 year before SCS to €1,200/month year 3 after SCS),
which may indicate that patients with FBSS experienced better effect on disability pension
compared with other indications. Study Il identified that prior spine surgery (as opposed to no
prior spine surgery) was associated with statistically significantly lower disability pension use
overall, disregarding treatment and time period. However, there was no statistically
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significant difference in treatment effect depending on prior spine surgery. Further analyses
may be needed to investigate these somewhat conflicting results, and particularly if there are
any potential differences in systematic differences in FBSS population and non-FBSS
populations that could explain this result. It would also be of interest to investigate in future
studies if patients where disability pension days increased are patients with insufficient
treatment response and what additional treatments potentially are or could be offered to those
patients.

The compared time periods in Study Il were changed in a sensitivity analysis where the
outcome three years after SCS was compared with three years before and the results from this
analysis indicated no effect of SCS. This illustrates the importance of choice of time periods
when analysing the changes. The sensitivity analysis showed that the number of disability
days reverted to a similar level as three years before, however, it may be possible that the
disability days further decreased beyond this point entailing higher cost-savings. An
underlying assumption in the difference-in-difference analysis is the parallel trend
assumption, which entails that in absence of treatment, the two groups (treatment and
reference group) would follow the same trend. It is not possible to observe what would have
happened in the SCS patients without treatment, but it is reasonable to assume that there
would not be a steep increase in disability days right before treatment which is more likely to
be related to the treatment rather than the underlying condition. A remedy to the issue of not
having a randomised sample was that the reference group was matched and adjusted for
predictors with the purpose of making the two groups more similar. Since such detailed
clinical data were not available, it cannot be certain that the two groups are similar in all
respects except treatment status.

Independent of treatment (SCS patient or reference group) and time period in relation to
index date, higher age, more comorbidities, more use of opioids, non-opioid pain medicines,
and anti-depression medicine were statistically significantly associated with higher net
disability days. Male sex was associated with statistically significantly less net disability days
compared with females, and higher education level was also associated with less net
disability days. No statistically significant difference in treatment effect (comparing the
change in group and period) on net disability days was detected for most of the potential
predictors included in this study. However, use of anti-depression medicines were
significantly associated with poorer treatment effect (p<0.001) even though comorbidity
index, which includes depression, did not have significant impact. It would be of interest to
repeat this analysis in other settings to investigate whether this relationship holds, but also to
investigate the cause of this relationship in further detail. No prior studies, as we are aware,
have evaluated the impact of such predictors on outcomes of SCS which makes it difficult to
compare our results with others.

Study 1 as well as previous studies using register data in Finland indicated that sick leave
decreased after SCS in patients with prior spine surgery (i.e., FBSS) (72). Calendar year of
index date was significantly associated with decreasing number of disability days (overall,
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disregarding treatment status and time period). There are two potential reasons for this
finding: firstly, there may have been societal changes during the study period, in for example
the social security system or unemployment rates affecting the overall use of disability
benefits; secondly, there was a shift in the SCS treatment regimen around year 2010, where
burst waveform was introduced which in trials has been shown to have better effect on pain
relief compared with the traditional tonic waveform (54). Although Study Il indicate that net
disability days decreased after SCS overall, having prior spine surgery compared with no
prior spine surgery was not associated with treatment effect. This might be a somewhat
surprising result, given that SCS has been extensively evaluated for FBSS, and which is the
main indication for SCS. However, this result could potentially indicate that SCS for other
indications may have a similar treatment effect as for FBSS, in this data material.

6.4 OTHER METHODOLOGICAL CONSIDERATIONS

Study I and Il included only patients with “permanent” SCS (and excluded those with only
test stimulation), but the number of patients is associated with uncertainty. Both Study | and
Il included only patients based on having two consecutive codes for implantation registered
within 100 days. There is no example from the literature that have defined permanent SCS
based on NCSP coding, therefore it was decided to assume maximum 100 days based on
expert experiences in time to permanent implant. Some clinics may perform the SCS
procedure without a test simulation. Further, some clinics may have a longer waiting time
than 100 days. Therefore, it is possible that some patients who indeed had permanent implant
were excluded, and sample sizes might be underestimated.

The sub-studies relied to a large extent on Swedish register-based data which are known to
have a high degree of completeness. Reporting of certain variables used in this study is
mandatory so for healthcare visits and drug dispensations all the necessary information can be
expected to be present. This entails that virtually all SCS procedures, all diagnoses,

prescribed drugs, and socioeconomic variables can be captured. In 2006, the proportion of
stays with missing personal registration number was 0.6% in the National Patient Register,
whereas the main diagnosis was missing in 1.0% of cases (86). All dispensed medications are
collected centrally and registered in the Prescribed Drug Register (87). Missing information is
rare and has been estimated to range from 0.02% to 0.6% depending on sex, age, and region.
Missing information about the cause of death is less than 0.5% in the Causes of Death
Register (88). Swespine covers around 80% of all spine surgeries performed in Sweden (89).
The Swedish social security number allows following patients over time and allows data to be
linked to other registers. Not all data on sick leave were available for analysis which to some
extent may underestimate sick leave days. Episodes of 14 days or less were during the study
period the responsibility of the employer in Sweden and were therefore not recorded in the
Social Insurance Register. Thus, such episodes could not be included in the analyses.
However, the first 14 days for all recorded sick leave episodes are recorded in the register.
The findings of this study are based on Swedish data and are as such directly not transferable
to other countries. In particular, differences in social insurance system between countries may
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entail different propensity to utilise such benefits, possibly entailing different impact of SCS
on return to work.
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7/ CONCLUSIONS

36

Spine surgery did not have any statistically significant effect on pain, disability.
HRQoL at one, two, and five years in patients who were subsequently treated with
SCS. These patients, To-be SCS patients, remained with impaired HRQoL, disability
and pain up to five years after spine surgery. A reference group, consisting of all
patients who underwent spine surgery, statistically significantly improved in terms of
HRQoL, and pain and disability significantly decreased at one, two, and five years
after spine surgery.

The To-be SCS patients—patients who were treated with SCS after spine surgery—
were statistically significantly worse off in terms of disability and HRQoL already at
the initial spine surgery compared with all spine surgery patients. To-be SCS patients
also had numerically higher pain intensity at baseline spine surgery, but this
difference was not statistically significant.

A numerical decrease in direct healthcare costs and indirect costs related to sick leave
and disability pension following SCS in patients treated with SCS after spine surgery
was observed. Further long-term data from real-world clinical practice are needed to
measure HRQoL, pain, and disability following SCS. Further studies are also needed
to investigate if it is possible to predict health outcomes and costs in patients
considered for spine surgery, and whether SCS or other interventions would be a cost-
effective alternative over spine surgery for specific patient populations.

Of patients treated with SCS, with or without prior spine surgery, slightly over half
were female and average age was around 50 years. Most patients initiating SCS
treatments used opioids, weak or strong, and/or anti-depressants prior to SCS.

Large work loss in patients with chronic pain and treated with SCS was demonstrated.
The difference in work loss between patients with chronic pain treated with SCS and
an age- and gender matched reference group was also substantial and statistically
significant after adjusting for comorbidities, usage of opioids, non-opioid analgesics
and antidepressants, and sociodemographic variables such as education level. This
adds to the literature on the significant burden of chronic pain on the patient, the
employers, and the society at large.

SCS (with or without prior spine surgery) is associated with a statistically significant
decrease in sick leave days, but not disability pension which significantly increased.
SCS decreased the overall net disability days and consequently indirect cost in
working age patients. Further studies are needed to investigate why disability pension
increased in some patients and whether those patients need additional treatments.
Higher age, more comorbidities, females, opioid usage, lower education, being
unemployed, were significantly associated with higher number of net disability days
overall but were not significantly associated with difference in effect of SCS on net
disability days. In other words, this study did not provide any evidence that SCS is



unequally effective on disability days depending on sociodemographic factors,
comorbidities, and medication use. Usage of anti-depressants was statistically
significantly associated with poorer effect of SCS on disability days, but further
studies are needed to confirm this association.
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10 APPENDIX A: LITERATURE SEARCH PROTOCOL

Table 4. Literature search protocol

1. Review question

What is the current evidence base on the effect of SCS on pain, disability, function, HRQoL, return to work, costs and
cost-effectiveness in patients with chronic pain compared with other treatments or no treatment?

2. Criteria for including studies in the review

Participants and conditions of interest

Chronic neuropathic pain, complex regional pain syndrome (CRPS), failed
back surgery syndrome (FBSS)

Interventions

Spinal cord stimulation (tonic, burst, HF-10, low or high frequency)

Comparisons/control groups

Sham, conventional medical management (CMM), pharmacological
treatments, other invasive or non-invasive treatments, comparisons with
baseline

Outcomes

Pain

Disability

Function

HRQoL

Costs

Incremental cost-effectiveness ratio

Setting

Any setting

Study designs

Systematic literature reviews or meta-analysis

Publication date

18 November 2016-18 November 2021

3. Criteria for excluding studies in the review

Studies written in non-English language, non-Scandinavian language. Studies published only in abstract/poster form (not
full-length article). Reviews based on animal studies. Non-systematic reviews and reviews not reporting study eligibility
criteria, search methods and search results.

4.  Search strategy

Electronic databases

PubMed/MEDLINE

Other methods used for
identifying relevant
research

Reference checking and hand searching of these

Search string PubMed/MEDLINE

“spinal cord stimulation”[Title/Abstract] (3,816 hits)
systematic[Title/Abstract] (440,441 hits)

review[Title/Abstract] (1,858,529 hits)

"2016/11/17"[Date - Publication] : "2021/11/17"[Date - Publication]
(6,591,844 hits)

el N

#1 AND #2 AND #3 AND #4 (95 hits)

5. Review methods

Details of methods

ES conducted all searches and data extraction

Quality assessment

No formal quality assessment was conducted

Data extraction

EndNote was used to keep track of references.

The following information was extracted from the studies and tabulated:
Study design, Study duration, Intervention, Comparison/Control, Primary
outcome, Secondary outcome(s), Study Eligibility Criteria, Main Findings
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11 APPENDIX B: SUMMARY OF SYSTEMATIC
LITERATURE REVIEWS ON THE EFFECT OF SCS

Table 5. Systematic literature reviews on the effect of SCS and eligibility criteria of the reviews

Author

Population/
condition

Interventio
n and
comparator

Outcomes

Study designs Findings

Bicket, 2016
(53)

Chronic pain

HF-10 SCS
vs. sham

(stimulator
off)/T-SCS

o Pain improvement

Response rate
(achieving >50%
pain reduction)
Satisfaction
Function

QoL

Return to work
Adverse events

Randomised trials e 8 studies included

and prospective o 1 double-blind RCT

non-randomised of 33 patients with
showed no
significant
difference in
response rate of HF-
SCS vs. sham
(42.2% vs. 30.3%,
p=0.30), VAS pain
(4.26 vs. 4.35,
p=0.82) or EQ-5D
(0.48 vs. 0.463,
p=0.78)

¢ 1 open-label RCT of

198 patients showed
higher response rate
for HF-SCS vs. T-
SCS (75.0% vs.
37.7%, p<0.001)

Chakravarthy,
2019 (90)

Chronic pain

B-SCS vs.
T-SCS

Pain ratings
Function

QoL

RCTs, single-arm o 15 studies included

prospective cohort, e Baseline weighted

retrospective case pooled mean pain

reports score 76.7 (£27.4).
With T-SCS, this
was reduced to 49.2
(£12.9), and with B-
SCS it was further
reduced to 36.7
(£11.6). B-SCS was
shown to have a
clinically important
incremental benefit
over T-SCS

Conger, 2020
(91)

Axial low back
pain

B-SCS, LF-
SCS, HF-
SCS

vs. sham/
placebo/acti
ve
treatment/no
treatment

Response rate
(achieving >50%
pain reduction)
Function
Medication use
QoL

Disability

Randomised and e 17 studies included
non-randomised, e HF-SCS response
cohort, case series  rate ranged 79%
(95% CI 70-87%)
o Meta-analysis not
performed due to
study heterogeneity

Karri, 2020
(70)

Chronic low
back pain
secondary

to failed back
surgery
syndrome,
axial LBP,
lumbar
radiculopathy,
and spinal
stenosis

B-SCS vs.
T-SCS

Pain relief

RCTs, prospective e 11 studies included

observational e B-SCS vs. T-SCS:
Pooled estimate MD
pain scores -1.64
(95%Cl -2.43 to -
0.84, p<0.001)
favouring B-SCS
over T-SCS
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McClure, 2021  FBSS, SCS vs. Incremental cost-  Cost-effectiveness e 6 studies included
persistent low CMM/ effectiveness studies, © SCS is cost-effective
back pain repeated ratio retrospective, compared with

spine prospective and CMM and/or
surgery model-derived reoperation
retrospective assuming a WTP of
$25,000

Ontario health Chronic HF-10 SCS Pain intensity RCTs, randomised e 5 studies included

(68) noncancer pain  vs. any other Response rate crossover studies e Higher response

SCS (achieving >50% rates reported in

modality back/leg pain included studies for
reduction) HF-10 vs. T-SCS
Remitter rate o Very large
(VAS pain score difference in back
<2.5) pain response rate
Functional for the control
disability groups across trials
Medication use (44% in SENZA-
Patient RCT vs. 82% in
satisfaction SURF trial)
Global ¢ All RCTs showed
impression significant
QoL disability, HRQoL
Adverse events for HF-10 vs T-SCS

Pollard, 2019 Intractable T-SCS vs. Reduction in RCTs o 5 studies included

(69) back or limb medical opioid and pain ¢ Odds ratio of
pain therapy, T- medication reducing opioid use

SCS vs. HF- T-SCS vs. medical
SCS therapy 8.60 (95%CI
1.93-38.30.

« No statistically
significant
difference between
T-SCS and HF-SCS

Texakalidis, Refractory SCS, DREZ, Pain reduction RCTs, prospective e 39 studies included

2019 (92) postherpetic DRG, and and retrospective (10 SCS)
neuralgia other observational ¢ SCS: Pain reduction

>50% was
documented in
41.1% of patients
Visnjevac, 2016 CPRS SCS several Pain relief RCTs, o 19 studies included
(93) comparators Pain score prospective, « Pain relief, pain
Resolution of retrospective, score improvement,
CRPS signs case-control, case QoL and treatment
Function reports, cohort satisfaction were
QoL studies rated 1B+ evidence

Psychological
impact

Sleep
Analgesic
medication use
Patient
satisfaction

grade, high-level
evidence favouring
SCS for the use in
CRPS

e Evidence for
functional status and
psychological
effects of SCS was
inconclusive

Abbreviations: B-SCS: Burst SCS; Cl: Confidence Interval; CMM: Conventional Medical Management; CRPS: Complex
Regional Pain Syndrome; DREZ: Dorsal Root Entry Zone; DRG: Dorsal Root Ganglion; HF-SCS: High-Frequency SCS;
HF-10: High Frequency 10 kHz; LF-SCS: Low-Frequency SCS; MD: Mean Difference; RCT: Randomised Controlled Trial;
SCS: Spinal Cord Stimulation; T-SCS: tonic SCS; QoL.: Quality of Life; WTP: Willingness-To-Pay
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