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Wl Abstract

Introduction: Chronic pain is a major public health concern,
as is the associated use of opioid medications, highlighting
the importance of alternative treatments, such as spinal cord
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stimulation (SCS). Here, we present the final 24-month results
of the Avalon study, which investigated the use of the first
closed-loop SCS system in patients with chronic pain. The
system measures the evoked compound action potentials
(ECAPs) elicited by each stimulus pulse and drives a feedback
loop to maintain the ECAP amplitude near constant.

Methods: Fifty patients were implanted with the Evoke
system (Saluda Medical) and followed over 24-months. Pain,
quality of life (QOL), function, sleep, and medication use were
collected atbaselineand each scheduledvisit. ECAPamplitudes
and programming adjustments were also monitored.

Results: At 24 months, responder rates (> 50% pain reduc-
tion) and high responder rates (> 80% pain reduction) for
overall pain were 89.5% and 68.4%, respectively, the latter
up from 42.2% at 3 months. Significant improvements from
baseline were observed in QOL, function, and sleep over the
24 months, including > 80% experiencing a minimally impor-
tant difference in QOL and > 50% experiencing a clinically
significant improvement in sleep. At 24 months, 82.8% of
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patients with baseline opioid use eliminated or reduced their
opioid intake. Over the course of the study, reprogramming
need fell to an average of less than once a year.

Conclusion: Over a 24-month period, the Evoke closed-loop
SCS maintained its therapeutic efficacy despite a marked
reduction in opioid use and steady decrease in the need for
reprogramming. W

Key Words: Chronic, closed-loop SCS, evoked compound
action potential, evoke, feedback, opioid, pain, spinal cord
stimulation

KEY POINTS/HIGHLIGHTS

e The Evoke system (Saluda Medical, Sydney,
Australia) measures the evoked compound
action potentials (ECAPs) elicited by each
stimulus pulse and drives a feedback loop to
maintain a near-constant ECAP amplitude.

e Over a 24-month period, the Avalon study (N
= 50) showed that the Evoke closed-loop SCS
maintained its therapeutic efficacy despite a
marked reduction in opioid use and steady
decrease in the need for reprogramming.

e At 24 months, responder rates (>50% pain
reduction) and high responder rates (>80%
pain reduction) for overall pain were 89.5%
and 68.4% respectively, which demonstrated
continuous improvement over time from 3-
month and 12-month responder and high
responder rates.

e More than 80% of patients experienced a
minimally important difference in QOL, and
>50% experienced a clinically significant
improvement in sleep, while 82.8% of patients
with baseline opioid use eliminated or reduced
their opioid intake with 41.4% eliminating
opioid use altogether.

INTRODUCTION

Chronic pain is a major public health concern on a
world scale. In Australia, 20% of general practitioner
consultations involve chronic pain, and medications
are used in close to 70% of chronic pain management
consultations.! In the United States and elsewhere, the
opioid epidemic has received widespread attention
and highlighted the need for nonopioid-based treat-
ments.?

Spinal cord stimulation (SCS) is an alternative treat-
ment for chronic pain and has the advantage of being
highly localized, reversible, safe, and having a limited
side effect profile.> SCS was developed as a treatment for
chronic pain based on the principles of the Gate Control
Theory described by Melzack and Wall in 1965.* In
simplified terms, the theory postulates that activating
sensory fibers would reduce or eliminate pain by closing
the pain processing gate in the dorsal horn, which relays
pain signals from the periphery to the central nervous
system. SCS systems are therefore designed to deliver
pulses of electric current via electrodes placed in the
epidural space above the dorsal columns, targeting levels
that allow for activation of sensory fibers of the painful
dermatomes.

If the stimulus amplitude does not vary, changes in
the distance and/or orientation of the spinal cord in
relation to the electrodes can lead to a change in the level
of neural activation, and in turn to overstimulation
(uncomfortably strong stimulation) or understimulation
(lack of therapeutic benefit). The changes in neural
activation that occur either periodically (eg, heartbeat or
breathing) or from changes in posture are often too
rapid for a patient to manually adjust their stimulation
level. Furthermore, understimulation can be difficult to
detect without an objective measure. Other SCS systems
provide a constant stimulation amplitude that must be
manually adjusted. Some are programmed to avoid any
stimulation sensation but these systems are not able to
assess whether neural activation, and thus inhibition of
the pain pathway, is occurring at all.

The evoked compound action potential (ECAP) is the
sum of the individual action potentials of the dorsal
column fibers elicited by an electrical stimulation pulse.
Therefore, the amplitude of the ECAP is a measure of the
amount of neural activation. Using this amplitude
measure as input to a feedback loop, the stimulus
current can be controlled automatically in order to
maintain the ECAP amplitude, and therefore the level of
neural activation, near a set target level.

This process is used in the Evoke SCS system (Saluda
Medical, Australia), which makes real-time adjustments
(3.5 million adjustments per day, on average) based on
ECAP measurements so that each patient is treated
consistently and periods of under and overstimulation
are minimized. The Evoke SCS System is being investi-
gated in the Avalon single-arm, open-label trial
(ACTRN12615000713594), and the Evoke double-
blind randomized controlled trial (NCT02924129).
Outcomes of these 2 studies have been reported out to
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12 months of follow-up.>*® Here, we report the final 24-
month outcomes of the Avalon trial.

METHODS
Study design and data collection

The Avalon study was a prospective, multicenter,
single-arm study approved by local ethics committees.
The protocol was publicly registered at the Aus-
tralian New Zealand Clinical Trials Registry
(ACTRN12615000713594) on July 9, 2015. The first
patient enrolled in this study on August 24, 2015.
Originally, the study was designed to be executed over a
12-month period but was subsequently amended to
extend up to 24 months and includes a total of 50
implanted patients. Patients enrolled prior to the
amendment could complete the study after the initially
planned 12 months, if desired, or be followed through
the extended 24-month time frame.

Written informed consent was obtained prior to
collecting the baseline assessment. Patients meeting the
eligibility criteria were enrolled after undergoing a trial
with an external closed-loop stimulator (eCLS) and
temporary leads implanted in the epidural space for an
average of 7 days. If the trial was deemed successful
(> 40% pain reduction), the patient was offered the
choice to receive the Evoke SCS System. Patients
implanted with the Evoke SCS System were followed
at 1, 3, 6, 12, 15, 18, 21, and 24 months. In between
scheduled visits, patients were able to return to the clinic
for reprogramming as needed.

At each scheduled study visit, assessments included
ratings of pain (100-mm VAS),” impact of pain (Brief
Pain Inventory [BPI]),® functional disability (Oswestry
Disability Index [ODI]),” sleep quality (Pittsburgh Sleep
Quality Index [PSQI]),'® quality of life (EuroQol
instrument [EQ-5D-5L]),'" and medication usage. The
morphine milligram equivalent daily dose (MME/day)
was calculated based on the Australian Faculty of Pain
Medicine (FPM) conversion factors for all patients with
opioid use at baseline (38 out of 50 implanted patients).
Performance (ie, ability to program in closed-loop) was
assessed for all patients. ECAP amplitude and device
usage automatically recorded by the stimulator were
extracted and analyzed. A patient’s therapeutic window
was defined as the range of ECAP amplitudes between
self-reported stimulation perception and maximum (the
maximum activation level the patient can withstand).
Adverse events were assessed throughout the study for

all enrolled patients. The need for programming was
determined by any visit (scheduled or unscheduled)
during which a program change was performed. Pro-
gramming was conducted following the ethics commit-
tee approved clinical manual and performed in the same
manner for all patients with oversight from the inves-
tigators. Stimulation therapy settings were within the
range of conventional parameters. Programming utilized
each individual’s unique ECAP measurements and
spinal cord sensitivity to provide personalized, objective
waveforms for therapy optimization.

Evoke system

This system uses the measured ECAP (ie, the patient’s
neural response to electrical stimulation), in a feedback
mechanism to provide consistent spinal cord activation.
The feedback mechanism adjusts stimulation current
continuously, millions of times per day and automati-
cally to maintain a target ECAP amplitude during
physiological changes and movement. By maintaining
the neural response within a narrow range, abrupt
changes in stimulation (over or understimulation)
resulting from the movement of the electrode with
respect to the spinal cord during physiological changes
and movement are minimized.

Participants

Patients with chronic back and/or leg pain (with or
without previous back surgery) were consented at 5
clinical sites in Australia. Patients were screened to
determine if they met the following criteria (a full list is
available on the trial registry website): a diagnosis of
chronic, intractable pain (VAS > 6 cm for the past week)
that was refractory to conservative therapy for at least
3 months, and having had stable prescription pain
medication dosage(s) for at least 4 weeks. Patients with
a contraindication to SCS; a medical, psychiatric, or
social condition that was likely to interfere with study
conduct or treatment outcome evaluation, or involve-
ment in litigation involving their pain condition, were
excluded.

Data management and analysis

The study was powered to demonstrate programmabil-
ity using the closed-loop system in at least 80% of
patients (assuming a true effect size of 90%) with a
power of 0.85. Throughout the study, data were
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processed according to standard data management
procedures and monitored periodically by an indepen-
dent clinical research organization to ensure data
quality. Standardized questionnaires were analyzed
consistent with their validated methodology. Along
with raw scores and percent change from baseline,
VAS data were also analyzed as responders (> 50% pain
reduction) and high responders (> 80% pain reduction).
Paired t-tests (against baseline) were performed in SAS
Enterprise Guide 7.1 to determine if the mean change
from baseline was significantly different from O at an
alpha of 0.05. Results presented as mean (+ standard
deviation) unless otherwise noted.

RESULTS
Patients, demographics, and baseline characteristics

Of 50 implanted subjects, 38 (76 %) completed the full
24-month study period: 3 subjects did not consent to
study participation beyond the original 12-month fol-
low-up period, 3 subjects withdrew consent, 3 subjects
were exited due to adverse events, 1 subject was
withdrawn by the investigator, 1 subject had a device
failure (damage to the device subsequent to use of
electrocautery), and 1 subject missed the 24 month
assessments and was subsequently exited (see Figure 1).

Demographics and baseline characteristics for the
cohort of implanted patients are presented in Table 1.
Persistent or recurrent pain following spinal surgery
(failed back surgery syndrome [FBSS]) was the main
diagnosis across the cohort (56.0%), and the lower back
was the most commonly reported primary pain area

(78.0%).

Permanent Implant (n=50)

TABLE 1. Baseline Demographics and Characteristics for
Permanently Implanted and 24-Month Completer
Patients

Implanted Patients 24-Month Patients

N =50 N =38

Age (years) at enrollment

Mean (SD) 56.7 (12.2) 55.7 (11.9)
Gender, n (%)

Male 23 (46.0) 19 (50.0)

Female 27 (54.0) 19 (50.0)
Primary diagnosis, n (%)

FBSS 28 (56.0) 20 (52.6)

Radiculopathy 9 (18.0) 8(21.1)

Other 13 (26.0)? 10 (26.3)°
Primary region of pain, n (%)

Lower back 39 (78.0) 27 (71.1)

Leg 8 (16.0) 8(21.1)

Foot 3 (6.0) 3(7.9)
Prior history of SCS, n (%)

Yes 3(6.0) 3(7.9)

No 47 (94.0) 35(92.1)
Duration (years) of pain

Mean (SD) 15.0 (11.0) 16.2 (11.5)

Abbreviations: FBSS, failed back surgery syndrome; SCS, spinal cord stimulation; SD,
standard deviation.

“Other diagnoses: Discogenic back (or lower back) pain/internal disc disruption (n = 5),
lumbar spondylosis (n = 4), lumbar degenerative disease (n = 1), neuropathic pain/
neuropathic low back pain post trauma (n = 1), peripheral neuropathy (n = 1), and
sciatica and gluteal tendinopathy (n = 1). "Other diagnoses: Discogenic back (or lower
back) pain/internal disc disruption (n = 4), lumbar spondylosis (n = 2), lumbar
degenerative disease (n = 1), neuropathic pain/neuropathic low back pain post trauma
(n = 1), peripheral neuropathy (n = 1), and sciatica and gluteal tendinopathy (n = 1).

Pain relief outcomes

Among all permanently implanted patients (Table 2),
mean rating of back pain was 81.3 mm (& 9.5) at
baseline (n = 46 patients). After 24 months of treat-
ment, back pain rating was reduced by 62.5 mm
(£ 26.5, P < 0.001) to 18.6 (£ 25.9), a mean percent
reduction of 77.3% (& 30.6). At 24 months, 85.3% of
patients were back pain responders (> 50% pain

Adverse event (n=1)
Subject withdrew (n=1)

Device failure (n=1)
Missed 3-Month visit (n=2)

Adverse event (n=1)
Subject withdrawn by

Investigator (n=1)
Subject withdrew (n=1)
Missed 12-Month visit (n=1)

Adverse event (n=1)
Completed study (n=3)

24 Months (n=38)

Subject withdrew (n=1)
Missed 24-Month visit (n=1)

FIGURE 1. Study flow chart for the permanently implanted patients. Note: Missing visit means that the subjects still in the study and
only missed that particular visit. The other reasons in the right boxes resulted in the exit of the subject from the study.
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reduction), with 67.6% being classified as high respon-
ders (> 80% pain reduction). Individual patient
responses for back pain at 24 months are shown in
Figure 2. Similar results were observed for leg pain and
overall pain (see Table 2, and Figures 3 and 4). We
conducted a sensitivity analysis using a last value carried
forward (LVCF) imputation method (not shown) and
found no significant differences in the results.

Other patient-reported outcomes

Significant and clinically important quality of life
improvements were observed for BPI, EQ-5D-5L,
ODI, and PSQI for permanently implanted patients at
24 months compared with baseline. Outcomes at
24 months are described below, and outcomes at other
timepoints can be found in Table 3 and Figure 5.
Values are mean (& standard deviation) unless other-
wise noted.

The mean BPI severity score, a measure to assess the
severity of pain and the impact on pain on daily
function, was more than halved over the 24-month
follow-up period, with a mean change of 3.9 (+ 2.9,
P < 0.001). The mean BPI interference score decreased
by 4.2 (+ 3.0, P <0.001) from a baseline of 7.1
(£ 1.6).

The mean EQ-5D-5L index score, a standardized
measure of health status, increased significantly from
baseline to 24 months by 0.221 (£ 0.288, P < 0.001);
similarly, the EQ-5D-5L Health VAS score increased
significantly by 22.2 (£ 31.4, P <0.001). At
24 months, 81.6% of patients experienced at least a
minimally important difference (> 0.074) in EQ-5D-5L
index score.'?

The mean ODI score, which quantifies disability for
low back pain, decreased by 18.4 (+ 20.3, P < 0.001)
from baseline to 24 months and more than 70% of the
patients experienced the minimal detectable difference
of 10 points’ or greater in ODI compared to baseline.
This resulted in a large shift of the patient population
toward lower disability, with 76.3% of implanted
patients being only minimally or moderately disabled
at 24 months, compared with 18.0% at baseline (Fig-
ure 5).

Sleep quality, as measured by the mean PSQI score,
was also improved from 12.0 (4 4.2) at baseline to 7.8
(£ 5.0) at 24 months, with 22 patients (57.9%) having
a clinically meaningful PSQI change at 24 months (> 3
point reduction) compared with baseline.'?

TABLE 2. Summary of Back, Leg, and Overall Pain Visual
Analogue Scale Scores Over Time for Permanently
Implanted Patients

Baseline 3-Month 12-Month 24-Month

Back pain

N 46 41 39 34

Mean raw VAS 81.3(9.5) 249 (22.1) 22.7(25.7) 18.6(25.9)
score, mm (SD)

Mean percent —
improvement in
VAS scores (SD)

Mean —
improvement in
VAS scores, mm
(SD, P value)

P < 0.001)
P < 0.001)
P < 0.001)

Responders — 75.6 76.9 85.3
(> 50% pain
reduction) %

High responders — 53.7 56.4 67.6
(> 80%
reduction) %

Leg pain

N 35 32 29 26

Mean raw VAS 77.7 (10.8) 18.6(19.0) 21.1(25.1) 15.8 (22.0)
score, mm (SD)

Mean percent —
improvement in
VAS scores (SD)

Mean —
improvement in
VAS scores, mm
(SD, P value)

P < 0.001)
P < 0.001)
P < 0.001)

Responders — 87.5 79.3 88.5
(> 50% pain
reduction) %

High responders — 53.1 58.6 65.4
(> 80%
reduction) %

Overall pain

N 50 45 43 38

Mean raw VAS 81.3(11.2) 22.8(19.2) 21.0(22.3) 15.3(20.6)
score, mm (SD)

Mean percent —
improvement in
VAS scores (SD)

Mean —
improvement in
VAS scores, mm
(SD, P value)

P < 0.001)
P < 0.001)
P < 0.001)

Responders — 80.0 81.4 89.5
(> 50% pain
reduction) %

High responders — 42.2 53.5 68.4
(> 80%
reduction) %

69.2 (27.6) 72.0 (31.0)  77.3(30.6)

56.7 (23.6,

57.9 (26.1,
62.5 (26.5,

75.7 (24.3)  72.1(33.0) 79.0(30.3)

59.6 (22.0,

56.6 (27.6,
63.0 (26.0,

71.2(27.0) 73.6(28.0) 81.2(24.0)

58.6 (22.3,

59.8 (24.7,
66.1(22.7,

Note P values resulting from paired t-test that the mean change from baseline was
significantly different from 0 with an alpha of 0.05.

Abbreviations: FBSS, failed back surgery syndrome; SCS, spinal cord stimulation; SD,
standard deviation; VAS, visual analogue scale.
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FIGURE 2. Individual back pain reduction for all patients who completed the 24-month follow-up visit. Patients having scored a pain

reduction between 50% and 80% are marked in light grey.
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FIGURE 3. Average pain scores for the permanently implanted patie
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Opioid reduction

It will be noted that opioid reduction was not an aim of
this study and medication was therefore adjusted as per
standard of care, however, significant changes were
observed. At baseline, 76.0% (38/50) of permanently
implanted patients were on opioids with an average
daily dose of 62.9 MME/day. The average opioid use
decreased throughout the study to 29.1 MME/day after
24 months of treatment (Figure 6). Of those patients
who were on opioids at baseline, 82.8% (24/29) had
eliminated or reduced their opioid dose at the 24-month

visit (Figure 7).

sit Interval
nts over time for lower back, leg, and overall pain. VAS, Visual

Following the Australian FPM guidelines published
in 2015,"* we analyzed the opioid reduction by risk
group. The average opioid use in the high-risk group
(> 100 MME/day) dropped from 176.5 MME/day to
77.1 MME/day without compromising their pain relief
(Figure 8). At the end of their participation in the study,
only 2 out of 8 high-risk group patients remained in that
group.
Patients in the medium-risk category at baseline
(> 40 MME/day < 100) reduced their average medica-
tion use from 59.1 MME/day to 27.8 MME/day at
24 months without compromising their pain relief
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FIGURE 4. Responder and high responder rates for the permanently implanted patients for overall pain over time.

(Figure 9). Thus, patients were able to shift to lower risk
groups on average.

ECAP amplitude data

As at 1 month (primary outcome visit interval),
closed-loop stimulation was programmable in all
patients at all subsequent visits. The most frequent
ECAP amplitudes (the “mode” of the distribution) for
the preferred program of each patient during the
week prior to the scheduled visit were calculated. The
median of the most frequent ECAP amplitude used by
patients was 22.5, 28.5, and 25.5 uV at the 3, 12,
and 24-month visits, respectively. Time spent within
the therapeutic window across scheduled visits is
displayed in Figure 10. At the 3, 12, and 24-month
follow-up visits, patients were in the therapeutic
window a median of 96.7%, 84.9%, and 90.2% of
the time, respectively. Subjects were using their
devices more than 50% of the time during the week
prior to the 3, 12, and 24-month visits, respectively.

Programming

Beside the scheduled follow-up visits, patients could
come back to the clinic for reprogramming if requested
or required. In the first month, patients were repro-
grammed on average 3 times, and the need for repro-
gramming decreased by almost a factor of 6 after the
first month (Figure 11). In the 3 months leading up to
their final visit, the need for reprogramming across the
cohort fell to an average of 0.06 visits, which shows the
need for reprogramming decreased to less than one visit
in a year for each patient.

Safety outcomes

Among the permanently implanted population, 2
(4.0%) study-related serious adverse events (SAEs) were
reported. One patient developed an allergic reaction to
titanium after the implant, and the second experienced
postoperative wound dehiscence following the implant
procedure due to poor skin integrity. Both SAEs resolved
with treatment.

No unanticipated adverse events were recorded, and
the type, rate, nature, and severity of adverse events that
have occurred in the Avalon study were consistent and
comparable with other SCS device studies and to
reported adverse events in the literature."’

DISCUSSION

The Avalon study results show a remarkable mainte-
nance of pain relief and other patient-reported out-
comes, including quality of life, function, sleep, and
medication usage, over a 24-month period, and gives
support to the 12-month results of both the Avalon and
the Evoke study.”® A large reduction in pain medication
use was observed across study patients, and, whereas
overall opioid consumption halved on average, pain
relief was not negatively affected by the drop in
medication. This included patients in the high-risk
opioid use group (> 100 MME/day), who dramatically
decreased their opioid intake whilst maintaining an
average pain relief above 70% throughout the study and
an average reduction in pain of over 80% at 24 months.
This is an encouraging result and puts closed-loop SCS
forward as a powerful tool to help reduce or eliminate
the use of opioids and their associated side effects.



o 687

TABLE 3. Summary of Secondary Outcomes Over Time for Permanently Implanted Patients

Baseline 3-Month 12-Month 24-Month
BPI
N 50 45 43 38
Mean severity score (SD) 6.8 (1.1) 3.3 (2.0) 3.1 (2.1) 2.8 (2.6)
Mean change from baseline, severity score (SD, P value) — 3.5 (1.7, P < 0.001) 3.6 (1.9, P < 0.001) 3.9 (2.9, P < 0.001)
Mean interference score (SD) 7.1 (1.6) 3.5(2.7) 3.2 (2.6) 2.7 (2.8)
Mean change from baseline, interference score (SD, — 3.5 (2.6, P < 0.001) 3.8 (2.8, P <0.001) 4.2 (3.0, P < 0.001)
P value)
EQ-5D-5L
N 50 45 43 38

Mean EQ index score (SD) 0.404 (0.215)
Mean change from baseline, EQ index score (SD, P value) —
Minimally important difference from baseline, EQ index —
score (> 0.074) %
Mean EQ Health VAS score (SD) 53.3 (20.6)
Mean change from baseline, EQ Health VAS (SD, Pvalue) —
oDl
N 50

Mean ODI score (SD) 52.3 (12.3)
Mean change from baseline, ODI score (SD, P value) —
Minimum detectable change from baseline, ODI (> 10%) —
%

PSQI
N 50
Mean PSQI score (SD) 12.0 (4.2)

Mean change from baseline, PSQI global score (SD, —
P value)

Clinically meaningful change from baseline (reduction —
> 3 from baseline) %

0.637 (0.193) 0.633 (0.223) 0.645 (0.277)
0.233 (0.245, P < 0.001) 0.214(0.213, P < 0.001) 0.221 (0.288, P < 0.001)
80.0 88.4 81.6

73.2(16.9)
18.4 (25.1, P < 0.001)

71.4 (21.9)
17.4 (26.8, P < 0.001)

77.1(21.1)
22.2 (31.4, P < 0.001)

44 43 38

34.6 (13.7) 31.2 (16.1) 31.5(20.7)

17.1 (11.9, P < 0.001) 20.3 (13.9, P < 0.001) 18.4 (20.3, P < 0.001)
70.5 76.7 71.1

45 42 38

8.4 (4.4) 8.6 (5.4) 7.8 (5.0)

3.5 (4.6, P < 0.001) 3.1 (4.5, P <0.001) 3.8 (5.0, P < 0.001)

64.4 52.4 57.9

Note P values resulting from paired t-test that the mean change from baseline was significantly different from 0 with an alpha of 0.05.
Abbreviations: BPI, Brief Pain Inventory; EQ-5D-5L, EuroQOL instrument; ODI, Oswestry Disability Index; PSQI, Pittsburgh Sleep Quality Index; SD, standard deviation; VAS, visual

analogue scale.

The sustained pain relief translates into a responder
rate of 89.5% at 24 months. Looking beyond the classic
responder definition, the study has shown a steady
increase of the proportion of patients falling into the
high responder category (> 80% pain reduction), from
42.2% at 3 months to 68.4% at 24 months. Given these
results, it is important to consider whether the efficacy of
treatments for neuropathic pain should be assessed
against more stringent standards than the “50% respon-
der” metric. The high levels of pain relief were accom-
panied by improvements in all measures of patient
wellbeing. Ongoing research using a larger patient pool
will investigate whether the degree of pain relief
correlates with the degree of improvements in wellbeing
when using the Evoke closed-loop SCS system.

We postulate that the steady level of neural activation
achieved with this closed-loop SCS is in large part
responsible for the observed outcomes. Closed-loop SCS
based on ECAP measurements provides objectivity
during programming and the avoidance of over and
understimulation as the stimulation level stayed in the
therapeutic window more than 90% of the time on
average. Alternative SCS systems are trying to address
overstimulation by  exploring  sub-perception

stimulation paradigms. Although overstimulation can
certainly be avoided that way, it does not allow
assessment of the neural activation obtained and opti-
mization relies solely on subjective patient feedback. A
system which monitors the level of neural activation
gives the clinician a set of objective tools for trou-
bleshooting and eliminates some variables in the com-
plexity of programming spinal cord stimulators for pain
relief.

A weakness of this study is its single-arm nature,
which does not allow for comparison with a device
without feedback mechanism. The Evoke study, cur-
rently underway, addresses this shortcoming by com-
paring closed-loop SCS therapy to systems with the
closed-loop mechanism disabled (open-loop SCS) in a
double-blind, randomized controlled trial. Results out
to 12-months have shown significantly higher therapeu-
tic benefits of closed-loop SCS compared to open-loop
SCS with outcomes in the closed-loop arm similar to
those found in the Avalon study.® The 24-month results
of the Evoke study are in preparation for publication. It
should be noted that although this study was a single-
arm study where a placebo effect may provide some
patient benefit, the excellent outcomes over the long
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FIGURE 5. Disability as measured by the Oswestry Disability Index (ODI) score for the permanently implanted patients over time.
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FIGURE 6. Average morphine milligram equivalent (MME) per day for the permanently implanted patients over time. MME, Morphine
Milligram Equivalent.
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FIGURE 7. Proportion of permanently implanted patients with opioid use at baseline who reduced or eliminated use over time.
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FIGURE 8. Opioid use and pain relief for the high-risk group (morphine milligram equivalent [MME] >100 mg/day) for permanently
implanted patients over time. MME, Morphine Milligram Equivalent; VAS, Visual Analogue Scale
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FIGURE 9. Opioid use and pain relief for the medium-risk group (40 < morphine milligram equivalent [MME] <100 mg/day) over time
for permanently implanted patients. MME, Morphine Milligram Equivalent; VAS, Visual Analogue Scale
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FIGURE 10. Median time below, within, and above the therapeutic window over time. TW, Therapeutic Window.

duration of the study, especially when coupled with the  likely the result of a robust response to the ECAP-based
comparability of the results to a double-blinded study  SCS therapy. Furthermore, the patient usage and spinal
showing superiority of ECAP-based closed-loop SCS  cord activation levels provide objective evidence of
over open-loop SCS, indicates that these results are  therapy delivery.
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FIGURE 11. Programming events (including scheduled and unscheduled visits) over time.

The completion of this study permits a fair assess-
ment of the adverse event profile. Evoke closed-loop SCS
has been shown to be both safe and effective and has a
profound effect on pain relief and general wellbeing for
patients with chronic pain.

Finally, ECAP recordings have applications in a wide
range of neurophysiological research questions.
Although this study did not set out to explore the use
of ECAP recordings to investigate the mechanisms of
action of SCS, or dive deeper into the neurophysiology
of the dorsal columns, we hope that the positive results
found in this study will encourage further development
and research.
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