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Abstract: Persistent pain following back surgery remains a major treatment challenge. The
primary objective of this open-label exploratory study was to investigate the analgesic effective-
ness of pulsed electromagnetic field therapy administered twice daily over a 45-day period in
34 subjects (68% female) with persistent or recurrent pain following back surgery. A secondary
goal was to guide the design of future randomized controlled trials that could target responsive
subpopulations. All predefined primary and secondary outcomes, including change in pain
intensity (PI), physical function (Oswestry Disability Index), analgesic consumption, and overall
well-being (Patient Global Impression of Change), are reported. A responder analysis (=30%
reduction in PI versus baseline) was added as a post hoc evaluation. Safety outcomes, as well
as results of a cost-avoidance survey, are also summarized. Of the 30 per-protocol subjects who
completed the study, 33% reported a clinically meaningful (=30%) reduction in PI. A higher
response rate (60%) was reported for subjects who had undergone discectomy prior to the trial
compared to subjects who had undergone other types of surgical interventions (decompression or
fusion) without discectomy. Improvements in PI were paralleled by improvements in secondary
outcomes. Relative to baseline, responders reported an average 44% and 55% reduction in back
PI and leg PI (respectively), and an average 13% improvement in Oswestry Disability Index
scores. In the per-protocol population, 50% of responders and 12% of nonresponders reported
less analgesia consumption at the end of treatment versus baseline. Sixty-seven percent of per-
protocol responders and 0% of nonresponders reported clinically meaningful improvement in
overall well-being on the Patient Global Impression of Change scale.

Keywords: failed back surgery syndrome, pain management, pulsed electromagnetic field
therapy, PEMF

Introduction
“Failed back surgery syndrome” (FBSS) is a broad term used to describe persistent or
recurrent back and/or radiating leg pain after spinal surgery,' including anatomically
successful surgery.* Etiological factors for FBSS include misdiagnosis, inappropriate
patient selection, wrong-level surgery, surgical technical failure (eg, pseudoarthrodesis),
spinal instability, spinal stenosis, epidural fibrosis, recurrent disc herniation, adjacent
segment disease, sacroiliac joint pain, and piriformis syndrome.">”” Considering the
high volume of lumbar spine surgeries performed annually® and the high incidence of
persistent pain following back surgery'- (estimated at 30%—46% following lumbar
fusion and 19%-25% following microdiscectomy),' the unmet need for effective FBSS
treatment interventions is an important healthcare concern.?3

Conservative and minimally invasive interventions are preferred for FBSS prior
to undertaking repeat spinal surgeries,’ as there is a diminishing success rate with
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increasing number of surgeries.! Despite widespread use
of opioids in this population,”!® there is a lack of data sup-
porting their efficacy in long-term studies of FBSS pain.!>*
Due to possible adverse side effects, the benefit-to-risk
ratio must be evaluated when considering pharmacologi-
cal interventions (opioids, nonsteroidal anti-inflammatory
drugs, antidepressants, gabapentinoids, epidural steroids,
or local anesthetics),'>!""!? particularly for long-term use.
Complications associated with implantable devices, such
as spinal cord stimulators and intrathecal drug pumps, are
common,’ limiting their applicability.

In light of the unmet need for safe, effective, noninvasive
interventions for FBSS pain, we conducted an open-label,
single-arm pilot study to evaluate the analgesic effectiveness
of pulsed electromagenetic field (PEMF) therapy adminis-
tered twice daily over a 45-day period to subjects with per-
sistent or recurrent pain following anatomically successful
lumbar spine surgery. The study was intended as a pilot to
guide the design of future randomized controlled trials that
would target responsive subpopulations.

PEMF therapy is a noninvasive therapy used for adjunctive
treatment of postoperative pain and edema in superficial soft
tissues.'*!* The therapy is self-administered at home using a
portable medical device that delivers nonthermal, nonionizing
pulsed electromagnetic energy to the treatment area, without
the need for surface or deep electrodes. In vitro and in vivo
evidence suggests PEMF may induce a localized analgesic
effect by modulating factors involved in pain signaling and the

Table I Inclusion and exclusion criteria

inflammatory response,'>"'” and clinical studies have reported
that PEMF is effective as an adjuvant for postoperative pain
relief after several types of surgeries.!41722

Materials and methods

Study design

The trial was designed as an open-label, single-arm pilot
study, conducted at four geographically distributed investiga-
tive sites with subjects enrolled between November 2013 and
February 2014. Enrollment varied from four to 13 subjects
per study site in the intent-to-treat population. The trial pro-
tocol was approved by a central institutional review board.

Study participants

Study participants were identified and recruited from the
clinical practices of the study investigators. Inclusion and
exclusion criteria are provided in Table 1. Written informed
consent was obtained from all study participants. The
informed consent documents and process complied with
applicable requirements (US Code of Federal Regulations
Title 21 Parts 50 and 56) and were reviewed and overseen by
the institutional review board.

Study intervention

All study participants were treated with individual at-home
PEMF therapy devices (Provant Therapy System Model
4201; Regenesis Biomedical Inc., Scottsdale, AZ, USA).
Provant uses a solid-state, fixed-power output radio frequency

Inclusion criteria

Exclusion criteria

o Age =18 years e More than two lumbar spine surgeries

History of one or two anatomically successful lumbar spine
surgeries for the treatment of low back pain

Pain in the low back and/or radiating to leg(s) at 3-36 months
following surgery

Stable analgesic dosing regimen for =30 days

Mean pain intensity of 4 or greater (NPRS) in the subject’s low
back or leg(s) during the study run-in phase

Willingness and ability to give written informed consent and to
comply with all parts of the study protocol

Ability to read, understand, and follow study instructions
Ability to maintain a pain and symptom diary on a daily basis
For female subjects, be postmenopausal, surgically sterile,
abstinent, or agree to practice an effective method of birth
control for the duration of the study if sexually active

Received any investigational drug or device within 30 days prior to study
screening visit or is enrolled in another clinical trial

History of any uncontrolled medical illness or ongoing painful condition that,
in the investigator’s judgment, places the subject at unacceptable risk
History of an ongoing painful condition that, in the investigator’s judgment,
might have a confounding influence on safety and effectiveness analyses
Anticipated need for surgery of any type during the next 3 months

Serious psychosocial comorbidities

History of drug or alcohol abuse within | year prior to screening

History of malignancy within the past 5 years other than successfully treated
non-metastatic basal cell or squamous cell carcinomas of the skin and/or
localized carcinoma in situ of the cervix

Implanted pacemaker, defibrillator, neurostimulator, spinal cord stimulator,
bone stimulator, cochlear implant, or other implanted device with an
implanted metal lead(s)

Existing or planned pregnancy

Previous treatment with the study device

In current litigation regarding back pain, or receiving Workers’ Compensation

Abbreviation: NPRS, numerical pain rating scale.
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generator and transmitter operating at 27.12 MHz and is US
Food and Drug Administration (FDA) cleared for adjunctive
use in the palliative treatment of postoperative pain and edema
in superficial soft tissue. The device delivers imperceptible
pulsed electromagnetic field energy to the desired treatment
area via a spiral antenna in the device’s treatment applica-
tor. Pulse durations are 4244 microseconds repeated every
1,000+25 microseconds. In this study, each subject was
instructed to administer the treatment for 30 minutes, twice
a day, for 45 days (either self-administered or administered
by a family member or caregiver).

Screening, enrollment, and follow-up visits
Screening

Eligibility was assessed during an initial screening visit.
Consent was obtained from all candidates, after which
demographic data (age, weight, height, sex, race/ethnicity),
medical, surgical, and medication history, and a baseline
Oswestry Disability Index (ODI) score were obtained.
A directed physical exam, and a pregnancy test in the case
of females of child-bearing potential, were also performed.
Consented eligible subjects received an electronic patient-
reported outcome (ePRO) diary, along with training in its use
and in the 0—10 numerical pain rating scale (NPRS). Subjects
were instructed to record current pain intensity (PI) scores
using the ePRO diary at 8.00 am and 8.00 pm (£2 hours) for
5 consecutive days (the run-in phase) beginning the day of
the screening visit, in order to establish baseline PI.

Enrollment

Subjects who completed the run-in phase and who met
the requirements for low back pain and/or leg pain
(mean =4 NPRS) during this phase, as well as continued to
meet all of the inclusion criteria and none of the exclusion cri-
teria, were enrolled in the study. Enrolled study participants
were dispensed one study device (Provant Therapy System),
and instructed in proper device positioning and operation.
Subjects were instructed to self-administer treatment with
the device twice daily at 8.00 am and 8.00 pm (£2 hours)
for 45 days.

Follow-up

Adverse events and concomitant medications were reviewed
and recorded at all follow-up visits. A follow-up telephone
call was performed 3 days following the enrollment visit in
order to assess adherence to device treatment regimen and
confirm consistent entry of PI scores into the ePRO diary.
A posttherapy return clinic visit was conducted on or between

Days 46-51, during which subjects completed the ODI
questionnaire and returned the study device and the ePRO
diary device. A further follow-up telephone call was per-
formed at Day 60 (£3 days), at which time NPRS pain
intensity was assessed and a health economics questionnaire
was administered. NPRS pain intensity and interval history
were reassessed during a follow-up telephone call 3 months
after completion of treatment (Day 13613 days).

Concomitant medications

Subjects continued their baseline analgesic medications from
the time of the screening visit through and including the Day
60 follow-up visit. They were not allowed to introduce new
analgesic therapies, but they could choose to reduce or discon-
tinue opioid or other drug therapies as their pain diminished.
Allowed medications included opioids, nonsteroidal anti-
inflammatory agents, antidepressants, and muscle relaxants,
taken either on an “as needed” basis or on a prescribed
schedule. Use of transcutaneous electrical neurostimulators,
implanted neurostimulators, physical therapy, local injections,
intrathecal infusion, acupuncture, spinal manipulation, and
revisional surgery were not allowed during the study.

Outcome measurements

Pl

Subjects used a validated 11-point (0—10) NPRS to report
“pain right now” (PI),> immediately before and immediately
after each treatment session (0 for no pain and 10 for the worst
pain imaginable) using an ePRO diary. Separate scores were
recorded for low back PI and leg PI at each time point. Morning
and evening scores were analyzed separately and then averaged
to generate an overall percent reduction in PI.

A subject was considered a “responder” if he or she
reported a decrease in pain scores (back and/or leg) of 30%
or greater versus baseline at end of treatment (Day 45).
Baseline PI values were calculated as the mean of all PI
scores reported during the 5-day baseline phase for low back
and leg (separately).

ODI

Level of physical function was assessed using the ODI,
a self-assessment tool designed and validated for use in
subjects with low back pain and/or radicular pain.** ODI
scores were reported at the screening (baseline) and Day 46
follow-up visits. The ODI assesses disturbance to activities
of daily living. There are ten sections that address specific
aspects of physical function, each of which is analyzed on a
0-5 scale indicating relative level of disability. ODI scores
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(point total/50x100) range from 0%—100% disability, with
scores of 41%—-60% considered “severe disability” and
61%—-80% considered “crippled”. A change in ODI of 6%
is considered clinically meaningful.*

Patient Global Impression of Change

Participants recorded self-rated change in overall status using a
7-point, validated, Patient Global Impression of Change (PGIC)
scale.” Scores were self-reported on Day 2, Day 7, Day 14,
Day 21, Day 28, Day 35, and Day 45 using the ePRO diary.
Subjects were asked to rate their overall status compared to the
start of the study as either: very much worse, much worse, mini-
mally worse, no change, minimally improved, improved, or much
improved. PGIC incorporates pain, other physical symptoms,
sleep, function, and drug side effects. “Improved” and “much
improved” are considered clinically meaningful results.?}

Analgesic consumption

Participants recorded analgesic consumption relative to baseline
(consumption reported during screening visit) using a 3-point
categorical scale (less, same, more). Analgesic consumption
was recorded by each study subject using the ePRO diary on
Day 2, Day 7, Day 14, Day 21, Day 28, Day 35, and Day 45.

Safety

Safety was assessed through a review of adverse event
reports, concomitant treatments, and medication usage, which
were assessed at the Day 46 follow-up visit and at the Day 60
and Day 136 telephone contacts.

41 subjects screened

Cost-avoidance survey
A health economic cost-avoidance survey was conducted
during the Day 60 follow-up telephone call.

Statistical methods

All estimations were based on the intrasubject change from
baseline. Demographic and subject characteristics are sum-
marized using descriptive statistics. Pain measurements
measured on a numerical scale are summarized descriptively
using the mean and standard deviation. Variables that were
measured on a categorical scale are summarized as a propor-
tion of the population. Adverse events coded using Medical
Dictionary for Regulatory Activities (MedDRA) version 16.0
are summarized by category and severity. Because this was
an exploratory study, all efficacy and safety data are based on
observed values; no imputation was used for missing data.

Results

Subject characteristics and baseline data

Between November 2013 and February 2014, a total of
41 subjects were consented and were provided with an
ePRO diary in order to record daily pain scores during
the run-in phase (Figure 1). Seven subjects did not meet
eligibility criteria following the run-in phase of the study.
The remaining 34 subjects underwent at least one PEMF
treatment (the intent-to-treat population). Thirty subjects
completed the 45-day treatment protocol (the per-protocol
population); the other four subjects withdrew and did not
complete the protocol (Figure 1). One per-protocol subject

Seven subjects did not meet eligibility criteria
,| during the run-in phase of trial (mean NPRS

v

34 subjects enrolled and underwent at
least one PEMF treatment = intent-to-treat
population (68% female)

score not equal to 4 or greater for either axial
or radicular pain during run-in)

Four subjects did not complete the study
Reasons for withdrawal:

A

30 subjects completed the study =
per-protocol population

Figure | Flow chart of study participants.

Abbreviations: NPRS, numerical pain rating scale; PEMF, pulsed electromagnetic field.

v

increased pain (two subjects)
hypertension (one subject)
fever (one subject)
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stopped treatment and ePRO entries prematurely at Day 38
due to an ePRO software error, but this subject complied with
follow-up assessments and was included in the analyses. Of
the 30 per-protocol subjects, 25 provided PEMF device-usage
meter data, resulting in a mean and median compliance rate
of 86.4% and 96.7%, respectively (total hours of treatment
per subject: mean =38.949.5 hours, median =43.5 hours).
The usage meter for five subjects malfunctioned and failed
to record data.

Baseline characteristics of the intent-to-treat and per-
protocol populations were similar (Table 2). Per-protocol
subjects were predominantly female (67%), mildly obese,
and 16.9 months postsurgery on average, and reported mean
baseline PI at moderate/severe levels on the 0—10 scale (back
pain =6.011.6; leg pain =5.312.5). Most-recent surgeries
included discectomy in 27% of per-protocol subjects (8/30),
a decompression procedure (eg, laminectomy, foraminotomy)
in47% (14/30), spinal fusion with metal implantation in 20%
(6/30), and a combination of decompression and discectomy
in 7% (2/30). Twenty-seven percent (8/30) of per-protocol
subjects had a history of two failed lumbar spine surgeries.
Subjects had failed multiple nonsurgical postoperative
therapeutic interventions for FBSS prior to participation in
the study (per-protocol population: mean =1.3 interventions,
median=1.0 intervention, range =0-5 interventions), primar-
ily physical therapy (63.3%), epidural injection (23.3%), and
transcutaneous electrical neurostimulators (20.0%); overall,
73% of the per-protocol population had one or more failed
prior postoperative interventions.

Primary endpoint

The primary endpoint was decrease in PI at Day 45 versus
baseline. In a post hoc analysis, decreases in pain scores of
30% or greater were considered clinically meaningful.* Sub-
jects meeting this criterion for back PI and/or leg PI were con-
sidered “responders”. Subjects not meeting this criterion were
considered “nonresponders”. All 30 per-protocol subjects

Table 2 Subject baseline characteristics

complied and provided data at the first posttherapy follow-up.
By this measure, 33% (10/30) of per-protocol subjects
responded to PEMF therapy. When categorized by surgical
history, a much higher proportion of subjects whose most-
recent back surgery was discectomy were responders (60%,
6/10 subjects), compared to subjects who had undergone
decompression (laminectomy/foraminotomy; 21%, 3/14) or
fusion (17%, 1/6) without discectomy (Table 3). Further, 40%
of subjects in the discectomy subpopulation (4/10) reported
=50% improvement in back and/or leg pain scores. No
difference was noted in the response rates of subjects who
were on opioids at study entry versus those not on opioids,
nor in subjects with predominant axial low-back pain versus
predominant radicular leg pain at study entry. In terms of
subject age, per-protocol subjects older than 50 years of age
were more frequently responders (42%, 8/19), relative to the
entire per-protocol population. The mean decreases in back
and leg PI scores were 44%*28% and 55%t27%, respec-
tively, for responders in the per-protocol group (Table 3).
A similar mean decrease in back and leg PI was reported for
per-protocol group responders in the discectomy subpopu-
lation (44%129% and 54%230%, respectively) (Table 3).
In terms of timing of response, most responders showed a
substantial early response, and all responders demonstrated
the response in PI within the first 3 weeks of treatment
(Figure 2).

At Day 60 (2 weeks following the end of treatment),
70% (7/10) of responders still had =30% reduction in PI
from baseline in back and/or leg PI. An additional five
subjects who were nonresponders at Day 45 reached this
success criterion by Day 60. Three months after the end
of treatment (Day 136), 63% of per-protocol responders
(5/8 reporting data) and 75% of discectomy responders
(3/4 reporting data) still met the success criterion of =30%
reduction in radicular PI. For axial PI, the proportion of
responders that still met the success criterion was 38% (3/8)
per-protocol and 25% (1/4) discectomy.

Population N % female Age BMI Months since Number of Baseline scores

(years) surgery surgeries Back PI Leg PI oDI
Intent-to-treat 34 67.6 55.0£1 1.1 31.145.6 16.319.6 1.3+0.5 6.0x1.6 5.3+23 42.4%12.7
Per-protocol 30 66.7 54.7£10.8 31.246.0 16.949.7 1.3+0.4 6.0x1.6 5.3+25 43.1%12.7
Discectomy 10 70 57.3£10.1 32.7+6.5 14.6+10.2 1.3+0.5 5.3%1.8 5.3%2.1 41.4£12.0
Decompression 14 50 54.5+9.2 31.1£6.1 212484 1.2+0.4 6.2%1.2 5.3+2.3 41.6x12.1
Fusion 6 100 50.7£13.7 29.0+3.7 10.7+6.3 1.3+0.5 6.9x1.7 5.5+3.3 49.7£12.8

Notes: Data reported as a percentage (% female) or mean * standard deviation. Baseline Pl scores are mean scores reported for the 5 consecutive days beginning the day
of the screening visit. The discectomy subpopulation includes two subjects with both discectomy and decompression.
Abbreviations: BMI, body mass index; N, number; ODI, Oswestry Disability Index; PI, pain intensity.
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Table 3 Responder analysis for complete per-protocol population and procedure-based subpopulations

Population N (%) %A Pl back %A Pl leg %A ODI PGIC: improved % using less
or much improved analgesia
Per-protocol
Responders 10 (33%) 44%+28% 55%+27% 13.1%£11.1% 67% 50%
Nonresponders 20 (67%) 5%+14% —1%+26% 3.1%18.7% 0% 12%
Discectomy
Responders 6 (60%) 44%+29% 54%+30% 16.5%+12.5% 100% 33%
Nonresponders 4 (40%) 2%+22% —5%+33% -3.0%+4.1% 0% 25%
Decompression
Responders 3 (21%) 48%+28% 64%1+20% 6.0%+4.9% 50% 50%
Nonresponders 11 (79%) 6%+12% —1%+17% 6.2%+8.7% 0% 10%
Fusion
Responders 1 (17%) 30% 38% 14% 0% 100%
Nonresponders 5 (83%) 4%+8% —1%+33% 1.2%18.1% 0% 0%

Notes: Responders were defined as subjects who reported reduction in pain scores of 30% or greater (final reported score versus baseline). Data is reported as mean *
standard deviation (%A Pl back, %A Pl leg, % A ODI) or as percent. Pl, PGIC, and analgesia data are reported as change between end of treatment score (Day 45) and baseline
score, except for change in Pl, which includes one subject who reported a final Pl score at day 37. Change in PGIC and analgesic scores represents only subjects who reported
final PGIC and analgesic consumption scores at the end of the defined treatment period (Day 45) and excludes six per protocol subjects (two discectomy responders, one
decompression responder; one decompression non-responder, two fusion non-responders) who reported final PGIC and analgesic consumption at 5 weeks and one per
protocol subject (one discectomy responder) who reported final PGIC and analgesic consumption at 4 weeks. ODI data reported as change between Day 46 follow-up scores
and baseline. For percent change in Pl and ODI, improvement is denoted by a positive value.

Abbreviations: %A, percent change; A, change; N, number; ODI, Oswestry Disability Index; PGIC, Patient Global Impression of Change; PI, pain intensity.

Secondary endpoints

Fifty percent (15/30) of subjects in the per-protocol group
showed clinically meaningful improvement in physical func-
tioning based on 6% or greater improvement in ODI scores
at the Day 46 follow-up relative to baseline (Table 4).2* In
terms of magnitude of improvement, per-protocol responders
reported an average improvement in ODI scores of 13.1%
improvement (Table 3). Discectomy responders showed
a slightly greater improvement in ODI (average 16.5%,
Table 3). Of subjects reporting PGIC scores at the end of
treatment (Day 45), 17% (4/23) of subjects in the per-protocol

A10

NPRS

N W R O N ©
\
‘\
|
¥/
/

|

Baseline 1 2 3 4 5 6 7
Study week

Figure 2 Mean weekly numerical pain rating scores for responders.

group reported “improved” or “much improved” PGIC scores
at the end of treatment (Day 45) relative to baseline (Table 4),
including 67% (4/6) of responders (Table 3), and 100% (3/3) of
discectomy responders (Table 3). Reduced analgesic consump-
tion was reported by 22% (5/23) of per-protocol subjects who
provided analgesic consumption data at end of treatment (Day
45) relative to baseline (Table 4), with 50% (3/6) of per-protocol
responders reporting reduced analgesic consumption at the end
of treatment (Day 45) (Table 3). Clinically meaningful outcomes
for all four outcome measures were most frequently reported by
subjects in the discectomy subpopulation (Table 4).

NPRS

~ N ——
\//

0
Baseline 1 2 3 4 5 6 7
Study week

Notes: (A) Back pain. (B) Leg pain. Mean scores for all data reported are shown. Week |: Days 0-7; Week 2: Days 8—14; Week 3: Days |5-21; Week 4: Days 22-28; Week

5: Days 29-35; Week 6: Days 36—42; Week 7: Days 43—45.
Abbreviation: NPRS, numerical pain rating scale score.
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Table 4 Percentage of subjects with clinically meaningful outcomes (end of treatment versus baseline)

Population N A Pl =30% A ODI =6% PGIC: improved Less

or much improved analgesics
Per-protocol 30 33% 50% 17% 22%
Discectomy 10 60% 40% 43% 29%
Decompression 14 21% 57% 8% 17%
Fusion 6 17% 50% 0% 25%

Notes: P, PGIC, and analgesic data are reported as change between end of treatment score (Day 45) and baseline score, except for change in Pl, which includes one subject
who reported a final Pl score at day 37. ODI data are reported as change between Day 46 follow-up score and baseline score. Change in PGIC and analgesic scores represents
only subjects who reported final PGIC and analgesic consumption scores at the end of the defined treatment period (Day 45) and excludes six per protocol subjects (two
discectomy responders, one decompression responder, one decompression non-responder, two fusion non-responders) who reported final PGIC and analgesic consumption

at 5 weeks and one per protocol subject (one discectomy responder) who reported final PGIC and analgesic consumption at 4 weeks.
Abbreviations: A, change; N, number; ODI, Oswestry Disability Index; PGIC, Patient Global Impression of Change; Pl, pain intensity.

Safety

Six of 34 subjects in the intent-to-treat population (17.6%)
experienced eleven treatment-emergent adverse events
(Table 5). Of these six subjects, four experienced a single
adverse event, one experienced two adverse events, and one
experienced five adverse events. All of the adverse events
were mild to moderate in severity, and none was attributed
to the study device by the study Principal Investigator. There
were no serious adverse events. Two subjects withdrew from
the study during the treatment period due to worsening of
their underlying condition.

Cost-avoidance survey

Two weeks following the end of the treatment period, sub-
jects were questioned regarding the need for further therapy
for FBSS. Of the 28 subjects who responded, 25% (7/28)
felt they would need no further doctor visits, 61% (17/28)
felt they would need no additional physical therapy, and
75% (21/28) felt they would need no additional analgesic
medications during the 6 months following the survey (Fig-
ure 3). Of those who had been discussing with their doctor
the possibility of using further invasive interventions (spinal
cord stimulator, implanted drug pump, injections, nerve
ablations, repeat surgery), 57% (8/14) felt they could avoid
such procedures.

Table 5 Treatment-emergent adverse events

Frequency Adverse event

Two events of Epistaxis

Increased leg pain
Increased back pain
Headache

Left arm ache

One event of

Tingling of skin across upper abdomen
Increased hypertension
Chest pain

Discussion

In this exploratory clinical trial of 30 subjects with failed back
surgery who were treated with PEMF therapy twice daily over
a 45-day period, one-third of subjects completing the trial
reported a clinically meaningful reduction in back and/or leg
pain. For responders, pain intensity dropped by 44% (back)
and 55% (leg) during the course of treatment, and the response
to PEMF was noted early, within 3 weeks of starting therapy.
Overall, at completion of treatment (Day 45), 57% (13/23)
of per-protocol subjects considered themselves “improved”
(any level of improvement), 22% (5/23) decreased analgesic
consumption, and 50% (15/30) had a clinically meaning-
ful improvement in physical function. In terms of surgical
history, there was a higher proportion of responders in the
discectomy subpopulation (60%), than there was in either
the decompression (21%) or fusion (17%) subpopulations.
A high proportion of subjects in the discectomy subpopula-
tion also achieved results that were clinically meaningful
across all four outcome measures.

It is interesting to consider why subjects who had
undergone discectomy reported a better response to PEMF
therapy than subjects who had undergone either fusion or
decompression without discectomy. It is possible that poorer
outcome in subjects in the latter two categories was due to
greater underlying baseline disease burden — for example,
due to increased stress on adjacent structures (eg, facet joints,
discs) following fusion or due to introduction of instability
following bone removal in the case of laminectomy. Such
anatomical changes might also result in more scar tissue,
which might further hinder the effects of the therapy.

In terms of the criterion used to define a “responder”,
several reports in the literature cite =30% improvement
in pain scores to be indicative of a clinically meaningful
change. In a landmark study of 2,724 subjects from ten
published placebo-controlled studies in a variety of chronic
pain conditions, Farrar et al*® demonstrated that a reduc-
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Figure 3 Cost-avoidance survey results for per-protocol survey respondents (28/30).

Notes: Green stippled bars indicate the percentage of subjects who did not think they would need the specified intervention for low back pain in the 6 months following
the survey. Violet bars indicate the percentage of subjects who felt it was possible to avoid the specified intervention for back pain after the trial (only subjects who were
discussing the possibility of the specified intervention with their doctor prior to the trial provided a response). The number of survey respondents who, prior to the trial,
were discussing with their doctor: any invasive option (14 subjects), a stimulator or pump implant (five subjects), additional surgery (six subjects), or injections/ablation (eight

subjects).
Abbreviation: PT, physical therapy.

tion of approximately 30% (or 2 points) on the NPRS is
considered to be a clinically important difference. In clini-
cal trials where the test treatment is considered to be highly
effective, a continuous responder analysis comparing the
efficacy levels of placebo and active drug groups provides
a graphical representation of the proportion of subjects who
achieve pain reductions over an entire range of cut-off values
ranging from 0%—100%.%¢ Efficacious treatments will show
a parallel shift in the proportion of subjects reaching key
endpoints (eg, 30% reduction, 50% reduction, 70% reduction
in pain) that are considered clinically meaningful by patients
and clinicians alike. A 2008 IMMPACT (Initiative on Meth-
ods, Measurement, and Pain Assessment in Clinical Trials)
consensus statement on interpreting data from chronic pain
trials also found that =30% and =50% improvement in
pain scores as reflective of at least moderate and substantial
changes of clinical importance.?”” Contemporary reports on
the effectiveness of novel analgesic therapies often report
the proportion of subjects achieving 30% and 50% pain
reductions in tabular format.?

Several factors suggest that this was a challenging
population to treat. Twenty-seven percent (8/30) of per-
protocol study participants had a history two failed back

surgeries. Seventy-three percent (22/30) of the study par-
ticipants had at least one failed nonsurgical postoperative
intervention prior to participation in the study, with a majority
(77%, 23/30) on opioids at enrollment. Further, the baseline
ODI (mean score =43.1) indicates that the average subject
was “severely disabled” by their pain. Finally, the timing of
the treatment was remote from surgery (mean 16.9 months
postsurgery), with 10 of the 30 per-protocol subjects enrolled
in the trial 24 months or longer after surgery, suggesting
that this may be a potentially recalcitrant population with
substantial centralized pain.

Limitations of the trial design included small sample size,
lack of a control group, and use of subjective endpoints. Due
to such limitations, which are common to small exploratory
studies, it is not possible to rule out a possible placebo effect,
nor to draw firm conclusions due to lack of statistical power.
In addition, the use of subjective endpoints is subject to pos-
sible bias. The period used for baseline data collection may
have been too brief to identify subjects who were slowly
improving (or getting worse) prior to beginning therapy.
Generalizability of the study is limited by the small sample
size, and due to exclusion criteria, study results cannot be
generalized to all types of subjects.
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Caution should be used regarding interpretation of trial
outcomes in light of these limitations. It is, nonetheless,
encouraging that seriously disabled subjects with FBSS pain
who previously did not respond to other interventions reported
improvement in pain intensity that was rapid, substantial,
and sustained, along with meaningful improvement in physi-
cal function and overall well-being, as well as reduced pain
medication consumption in response to PEMF treatment.

Although PEMF therapy has been reported effective as an
adjunctive therapy for postoperative pain and edema following
other types of surgeries, to our knowledge this is the first study
of this size evaluating its efficacy for persistent pain following
back surgery. A 2014 report® found PEMF therapy effective at
reducing back pain in a population of subjects with persistent
lumbar muscle pain, reporting a significant reduction in pain in
subjects receiving PEMF therapy but not in sham-device—treated
subjects. Although the study excluded subjects who had prior
spinal surgery, as well as those with radicular pain, the improve-
ment in back pain reported in the study is comparable to the
results of the current study. In terms of underlying mechanism,
recent data suggest that PEMF may mediate analgesia by pro-
moting changes in gene expression, both for genes involved in
opioid signaling as well as for modulators of inflammatory pain.
For example, in in vitro and in vivo studies, PEMF treatment has
been associated with a decrease in messenger RNA (mRNA)
and protein levels of the proalgesic, proinflammatory cytokine
interleukin-10.'>!7 In vitro, PEMF treatment has also been asso-
ciated with increased mRNA levels of the anti-inflammatory
cytokine interleukin-10" and increased endogenous opioid
precursor mRNAs for proenkephalin, pro-opiomelanocortin,
prodynorphin, as well as opioid peptides.'s

Conclusion

Data from the current study suggest that the effect of PEMF
in patients with failed back surgery syndrome may vary
depending on type of surgery, with greatest benefit in patients
who have undergone discectomy. In light of these clinically
meaningful improvements, the use of PEMF therapy for the
management of FBSS pain following discectomy merits
further study in a large randomized controlled trial.
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