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Abstract
Objective
To determine whether Scrambler therapy is an effective, acceptable, and feasible treatment of
persistent central neuropathic pain in patients with neuromyelitis optica spectrum disorder
(NMOSD) and to explore the effect of Scrambler therapy on co-occurring symptoms.

Methods
We conducted a randomized single-blind, sham-controlled trial in patients with NMOSD who
have central neuropathic pain using Scrambler therapy for 10 consecutive weekdays. Pain
severity, pain interference, anxiety, depression, and sleep disturbance were assessed at baseline,
at the end of treatment, and at the 30- and 60-day follow-up.

Results
Twenty-two patients (11 per arm) were enrolled in and completed this trial. The median
baseline numeric rating scale (NRS) pain score decreased from 5.0 to 1.5 after 10 days of
treatment with Scrambler therapy, whereas the medianNRS score did not significantly decrease
in the sham arm. Depression was also reduced in the treatment arm, and anxiety was decreased
in a subset of patients who responded to treatment. These symptoms were not affected in the
sham arm. The safety profiles were similar between groups.

Conclusions
Scrambler therapy is an effective, feasible, and safe intervention for central neuropathic pain in
patients with NMOSD. Decreasing pain with Scrambler therapy may additionally improve
depression and anxiety.

Clinicaltrials.gov identifier
NCT03452176.

Classification of evidence
This study provides Class II evidence that Scrambler therapy significantly reduces pain in
patients with NMOSD and persistent central neuropathic pain.
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Neuromyelitis optica spectrum disorder (NMOSD) is an
autoimmune disease of the CNS that causes recurrent in-
flammatory attacks of the optic nerves and spinal cord, leading
to blindness, paralysis, and death.1 Despite these devastating
consequences of the disease, patients have reported that pain
is among the most prevalent and debilitating symptoms that
affect mood, mobility, and quality of life (QoL).2–8 In par-
ticular, central neuropathic pain is pervasive, severe, and in-
tractable to treatment and affects 62% to 91% of patients with
NMOSD.3,9 Currently, there is no standard of care for central
neuropathic pain treatment, and the most frequently used
medications for its treatment in NMOSD are antiepileptics,
antidepressants, and nonsteroidal anti-inflammatory agents.
Descriptive studies in NMOSD acknowledge the inadequate
effect of these medications,2,3 and effective treatment for
central neuropathic pain in NMOSD is still lacking.

Scrambler therapy is a novel, noninvasive technology with
Food and Drug Administration (FDA) 510(k) approval,
“Scrambler ST 5 TENS Device” (K081255), granted in
February 2009 for acute, chronic, and postoperative pain.10

Scrambler is a type of transcutaneous electric nerve stimula-
tion (TENS) that uses peripheral nerve stimulation of as-
cending C fibers to modify nociceptive responses with the
intent of reorganizing maladaptive signaling pathways in the
sensory cortex.11 This neuromodulatory therapy has been
investigated for the treatment of persistent peripheral neu-
ropathic pain, largely in open-label observational trials, in
several conditions including chemotherapy-induced neurop-
athy, postherpetic neuralgia, and postsurgical neuropathic
pain with promising results.11–17 Patients report sustained
relief after undergoing daily treatment sessions for 10 con-
secutive weekdays.11

Anecdotal evidence supports Scrambler therapy for use in
patients with persistent central neuropathic pain,18,19 but no
rigorous studies have systematically tested the benefit or
sustainability of Scrambler vs a placebo treatment. The cur-
rent study investigates the use of Scrambler for the treatment
of central neuropathic pain in patients with NMOSD, given
the substantial unmet need and lack of investigation into
pharmacologic or nonpharmacologic intervention for pain
management in this patient population.

Methods
We conducted a randomized, single blind, sham-controlled
trial in patients with NMOSD who have central neuropathic
pain using Scrambler therapy. The central hypothesis that

guided this study was that Scrambler therapy is an acceptable
and feasible treatment that significantly reduces pain and
improves co-occurring symptoms in patients with NMOSD.

Standard protocol approvals, registrations,
and patient consents
We enrolled 22 patients with NMOSD (11 per arm) at the
Johns Hopkins Neuromyelitis Optica Clinic. Participants with
severe limitations in mobility or sight due to their disease were
given the option to have study visits conducted in their
homes. The protocol was approved through the Johns Hop-
kins Institutional Review Board (IRB00115699) and
launched on March 2, 2018. Written informed consent was
obtained from each participant before study enrollment. The
study was registered through ClinicalTrials.gov
(NCT03452176). The FDA granted Scrambler therapy
510(k) approval for acute, chronic, and postoperative pain,
“Scrambler ST 5 TENS Device” (K081255), in February
2009.10

Participants
Participants with self-reported neuropathic pain caused by
NMOSD were recruited through the Johns Hopkins Neuro-
myelitis Optica Clinic. For participation eligibility, patients
were ≥18 years of age with anNMOSDdiagnosis based on the
2015 international consensus diagnostic criteria,20 regardless
of anti–aquaporin 4 serostatus.21,22 For inclusion, neuropathic
pain needed to be attributable to an inflammatory spinal cord
lesion, indicated by MRI from a previous clinical myelitis
event. Persistent pain needed to be rated at a level of ≥4 on an
11-point numeric rating scale (NRS), with persistent pain
defined by presence for >3 months. Patients needed to be
stable in their disease such that they had no spinal cord
relapses within 6 months before enrollment. Patients were
eligible to use any combination of standard-of-care medi-
cations for pain treatment, including antiepileptic, antide-
pressant, opioid, or nonsteroidal anti-inflammatory
medications, with no adjustments to the regimen within 30
days of enrollment. Patients with a known or suspected
concomitant diagnosis of peripheral neuropathy were ex-
cluded. Patients with an ongoing concomitant central neu-
rologic disorder were excluded, as were those who used an
investigational agent for pain control within 30 days of en-
rollment, were pregnant or breastfeeding, were cognitively or
mentally incompetent, or had implantable pain management
or arrhythmia devices.

Randomization and masking
After consent and screening, participants were randomly
assigned to receive Scrambler treatment vs sham at a 1:1 ratio

Glossary
AE = adverse event; CI = confidence interval; FSA = Food and Drug Administration; Neuro-Qol = Quality of Life in
Neurological Disorders;NMOSD = neuromyelitis optica spectrum disorder;NRS = numeric rating scale;QoL = quality of life;
SAE = serious AE; TENS = transcutaneous electric nerve stimulation.
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for 10 consecutive weekdays. Recruitment was batched with
the use of a randomized block design stratifying across
medication class (antiepileptic, antidepressant, opioid, or
none) and pain level at screening (moderate 4–6, severe
7–10) to promote similar distributions across groups in this
small study. The rationale was to increase homogeneity be-
tween groups due to limited data that suggest response to
Scrambler therapy may differ as a result of interference of
medications used for pain.23 Randomization assignments
were assigned by a third-party using randomizer.org.

Scrambler therapy was administered via the GEOMC Pain
Scrambler, model MC-5A (Seoul, Korea). Electrodes were
placed on participants receiving treatment within the der-
matome above and below the level of injury in a sufficiently
sensitive area closest to the pain (figure 1). For instance, if the
patient had pain in the back from C3 to C8, a set of electrodes
would be placed at C2 (above the pain) and T1 (below the
pain). Stimulation intensity was increased until a maximum
tolerable threshold was reached without being painful, per the
established protocol.24 If the patient felt a constant burn,
sting, or feeling of discomfort, electrodes were repositioned.
The exact electrode positioning depended on the de-
marcation of the surface pain area and analgesic response of
the patient. Once the channel was regulated to the patient’s
maximum intensity, pain was assessed by asking the patient
how s/he felt in the area of pain covered by the electrodes and
adjusted for desired effect of reduced pain or analgesic re-
sponse. Additional channel pairs were similarly implemented
as necessary on the basis of the size of the pain area, up to 5

pairs in total. Electrodes remained in the established position
and intensity for 35 minutes from the time that proper
placement was instituted. Because central pain is often more
pervasive compared with peripheral neuropathy, >1 area was
often targeted.

For the sham group, small motors (<1 cm) that produce
a vibratory sensation similar to a wearable activity tracker
(i.e., FitBit) were connected to each electrode to simulate
Scrambler stimulation but without electric charge. Channel
pairs were similarly applied in a sufficiently sensitive derma-
tome closest to the pain, surrounding the level of spinal cord
injury. The sham sensation was applied for 35 minutes.

For both groups, the Scrambler machine was kept behind
a curtain to help preserve masking. The machine itself was
turned on for all participants, although without emitting any
stimulation in those receiving sham, so that the alert in-
dicating termination of treatment would be heard by all par-
ticipants regardless of treatment assignment. Because
treatment effect has been shown to vary across technicians, 1
technician was trained in the proper delivery of Scrambler
treatment and performed all interventions.

Study objectives and measures
Our primary objective was to test the hypothesis that Scrambler
therapy is an effective, acceptable, feasible, and safe treatment of
persistent central neuropathic pain for patients with NMOSD.
To test this hypothesis, we performed a randomized, single
blind, sham-controlled trial testing Scrambler therapy in
patients with NMOSD. The primary outcome was feasibility
and acceptability. Secondary endpoints included both safety and
effectiveness at the end of the 10-day treatment period. Feasi-
bility of treatment was examined to determine whether the
intervention was appropriate for this patient population, toward
the effort of informing a larger, phase III study. This was mea-
sured by assessing the following: adherence to visit schedule and
response to the following question asked directly after com-
pletion of the 10-day treatment period: “Do you think you
received treatment?” (Yes/No). Acceptability was measured by
assessing response to the following question, also asked directly
after the treatment course: “Would you want to continue
treatment in clinic, if available?” (Yes/No).

Safety of the intervention was evaluated by comparing adverse
events (AEs) and serious AEs (SAEs) in the treated vs sham
groups. These were monitored and documented before ini-
tiation of each treatment daily, at termination of the final
treatment, and at the 30- and 60-day follow-up.

Effectiveness was evaluated on the basis of the degree of im-
provement in pain, comparing the treatment group to the
sham group. Before the initiation of Scrambler therapy and at
the completion of treatment, patients were asked to rate their
pain by the 11-point NRS score. Patients additionally repor-
ted NRS pain scores at 30 and 60 days after therapy com-
pletion to assess sustainability of treatment effect.

Figure 1 Example of electrode placement for Scrambler
therapy recipient

Electrode placement is demonstrated on a participant with neuromyelitis
optica spectrum disorder with a cape pattern of pain from C3 to C8 der-
matomal involvement. The goal is to surround the area of pain with pairs of
electrodes. Each pair is indicated by a double blue arrow. An additional pair
(not shown) went from the C2 to T1 region, to the right of the spinal column.
Scrambler therapy electric signal travels between each pair of electrodes.
The signal is alternating current, maximum 5.5 mA, maximum current den-
sity 0.0002009 W/cm2, and 16 different waveforms.
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Although not powered appropriately, an exploratory objective
was aimed at assessing the relationship between improved
pain and other co-occurring symptoms. Before the initiation
of Scrambler therapy, patients were asked to complete each of
the following measurement tools to determine baseline pain
severity and interference, anxiety, depression, and sleep dis-
turbance, respectively: Brief Pain Inventory,25 Quality of Life
in Neurological Disorders (Neuro-QoL)26 Short Form ver-
sion 1.0–Anxiety, Neuro-QoL Short Form version 1.0–
Depression, and Neuro-QoL Short Form version 1.0–Sleep
Disturbance. Measurement tools were accessed by partic-
ipants via a secure online portal. Participants were provided
with an alphanumeric code that enabled their responses to be
linked to their demographic and clinical data in a confidential
manner. Questionnaires were mailed to participants without
internet access with a postage-paid envelope provided for
return of questionnaires. Patients again completed all mea-
surement tools at the end of treatment and at 30 and 60 days
after the end of treatment.

Statistical analysis
As a measure of feasibility of treatment, adherence to visit
schedule was ascertained. We report the number of patients in
each group who were able to complete all treatments. The
Fisher exact test was performed to assess whether adherence
is independent of group assignment. For each of the 2 survey
questions used to assess feasibility and acceptability, as de-
scribed above, a 95% confidence interval (CI) for the pro-
portion of participants answering “yes” was calculated. Given
the small number of patients in the study, exact binomial CIs
were calculated because normal distribution could not be
assumed.

Descriptive statistics were used to report AEs and SAEs. In-
cidence and severity were compared between groups.

Effectiveness was based on degree of improvement of pain
and compared NRS pain scores in the treatment group and
sham group using the Friedman one-way repeated-measure
analysis of variance by ranks test at baseline, after treatment,
and at the 30- and 60-day follow-up. Wilcoxon signed-rank
testing was used to determine sustainability over time by
comparing scores at baseline to those after treatment, at the
30-day follow-up, and at the 60-day follow-up. A χ2 analysis
comparing the number of treated patients who thought they
received treatment with the number of sham patients who
thought they received treatment was performed to determine
whether masking was effective.

The target sample size of 22 (11 per arm) was based on
previous studies that suggested that the average pain value at
baseline is at least 4 on the 0 to 10 NRS with an SD of the
original pain value expected to fall in the range of 1 to 1.5 in
this patient population.11,14,27–30 A conservative estimate of
the SD of the change across patients from day 1 to 10 was up
to ≈2. With 11 patients in each arm and under these
assumptions, we were able to detect a change of 2.5 points in

the Scrambler group at 80% power, with a difference in pro-
portions of 60% between the 2 groups.

To explore the impact on co-occurring symptoms when in-
tervening on pain, scores were tabulated for each of the fol-
lowing from the measurement tool data: anxiety, depression,
sleep disturbance, and pain interference. Friedman one-way
repeated-measure analysis of variance by ranks was tabulated
for each symptom, comparing the change at baseline, after
treatment, and at the 30- and 60-day follow-up time points in
each arm. A subanalysis was similarly conducted in those
patients who responded to Scrambler treatment vs sham. On
the basis of a cohort of adult patients with spinal cord injury
who reported clinically meaningful change in pain over
time,31 response was defined as a decrease in NRS pain scores
of 1.80 points between baseline and end of treatment.

Demographic and clinical characteristics were compared be-
tween the Scrambler and sham groups by use of the Mann-
Whitney U and χ2 testing, as appropriate.

Data availability
Public Law 110-85 (also known as the FDA Amendments Act
of 2007) mandates registration and results reporting of “ap-
plicable clinical trials” in ClinicalTrials.gov. We support
efforts to promote data sharing toward the advancement of
science and registered this clinical trial, providing trial design,
eligibility criteria, and outcomes measures.

Classification of evidence
This study provides Class II evidence of Scrambler therapy
use in patients diagnosed with NMOSD who have central
neuropathic pain.32

Results
Twenty-two patients (11 per arm) who were deemed eligible
for participation in this clinical trial were enrolled, were
treated, and received follow-up between March and Decem-
ber 2018 (figure 2 and table e-1, doi.org/10.5061/dryad.
nr82sv2). Participants were treated with Scrambler therapy or
sham. Most patients were female (91%) and black (59%). All
participants were seropositive for aquaporin 4 immunoglob-
ulin G. The median baseline NRS pain level was 5 points for
both the treatment and sham groups (mean 5.6). The median
Expanded Disability Status Scale score was 6.0 and 4.5 for the
treatment and sham groups, respectively. Patient character-
istics were similar between groups (table 1).

Feasibility/acceptability outcomes
There was no difference between groups in the number of
participants who completed all treatments (p = 0.22). All
participants in the treatment arm completed all treatments,
and 2 participants in the sham arm completed only 9 of 10
sessions: 1 patient experienced a family emergency, and the
other had a urinary tract infection that interfered with the trial.
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A χ2 analysis revealed that masking of the intervention was
adequate; no difference was found between those in the
treated group who thought they received Scrambler therapy
and those in the sham group who thought they received
therapy (p = 0.20; 95% CI 0.91–5.04). In addition, χ2 analysis
suggested that those who received the sham intervention were
as likely to want to continue treatments as those who received
treatment (p = 0.67, 95% CI 0.56–3.61).

Safety outcome
All AEs were logged daily before and after each treatment, as
well as at the 30- and 60-day follow-up (table e-2, doi.org/10.
5061/dryad.nr82sv2). No SAEs were reported during the 10-
day treatment period among participants in either study arm.
During follow-up, 2 SAEs were reported within the same pa-
tient: patient 3 (sham arm) developed a port and bloodstream
infection 30 days after completion of the 10-day sham course
and required hospitalization for IV antibiotic treatment. Because
the infection was unresolved, the patient was rehospitalized 30
days later for IV antibiotics. Given the temporal profile and the
fact that the patient did not receive Scrambler treatment, these
infections were not thought to be related to the study. Neither
Scrambler therapy nor the sham condition resulted in increased
pain severity in these trial participants.

Effectiveness outcomes
The effectiveness of Scrambler therapy was determined by the
impact on pain over time in the treatment group compared to
the sham group, as measured by the NRS pain score. NRS
pain scores were recorded at baseline, immediately after
treatment vs sham, and at 30 and 60 days after treatment vs
sham. After the 10-day protocol, Scrambler therapy resulted
in a reduction in median NRS pain scores from 5.0 to 1.5 (p <

Table 1 Demographic and clinical characteristics of
participants

Treatment Sham p Value

Participants, n 11 11 1.0

Female sex, n (%) 10 (91) 10 (91) 1.0

Race, n (%)

Black 6 (55) 7 (64) 0.89

White 3 (27) 4 (36)

Other 2 (18) 0 (0)

Age, y

Median (IQR) 56.2 (7.2) 57.5 (13.8) 0.94

Mean (SD) 55.2 (9.6) 52.8 (14.9)

Disease duration, y

Median (IQR) 11.0 (12.8) 6.0 (7.6) 0.34

Mean (SD) 11.7 (8.8) 7.6 (5.6)

Delay in diagnosis, y

Median (IQR) 0.5 (8.8) 0.3 (1.0) 0.29

Mean (SD) 4.3 (5.3) 1.0 (1.5)

AQP4 serostatus, n (%)

Positive 11 (100) 11 (100) 1.0

EDSS score

Median (IQR) 6.0 (3.0) 4.5 (3.0) 0.63

Mean (SD) 5.1 (2.3) 4.7 (2.0)

Baseline NRS pain rating

Median (IQR) 5.0 (2.8) 5.0 (3.2) 0.76

Mean (SD) 5.6 (1.7) 5.6 (1.8)

Pain medication regimen, n (%)

Treated 7 (64) 8 (73) 0.65

AEDs 6 8

Antidepressants 5 3

Opioids 3 3

Untreated 4 (36) 3 (27)

Abbreviations: AED = antiepileptic drug; AQP4 = aquaporin 4; EDSS = Ex-
panded Disability Status Scale; IQR = interquartile range; NRS = numeric
rating scale.

Figure 2 Consolidates Standard of Reporting Trials (CON-
SORT) flow diagram

e1904 Neurology | Volume 94, Number 18 | May 5, 2020 Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://doi.org/10.5061/dryad.nr82sv2
https://doi.org/10.5061/dryad.nr82sv2
http://neurology.org/n


0.001), whereas the sham condition resulted in a reduction
in median NRS pain scores from 5.0 to 4.0 (p = 0.4239)
(figure 3). In the Scrambler therapy arm, 8 of 11 participants
had a clinically meaningful improvement in pain, with 4 par-
ticipants experiencing complete pain eradication immediately
after the protocol. NRS pain scores remained significantly
decreased at 30 days in the Scrambler-treated group (p =
0.0195). Furthermore, 3 of the 4 complete responders at the
end of treatment remained pain-free at 30 days (27%).
Overall, the effect was not sustained at 60 days (p = 0.0518),
with 1 complete responder remaining pain-free. Because of
this, a post hoc power calculation was conducted that was
based on current study data to determine the sample size
needed to detect a change in this secondary endpoint for use
in a larger phase III trial. It was determined that 29 patients
per armwould be necessary, given amean 60-day score of 4.07
in the Scrambler treated arm and 5.32 in the sham armwith an
SD of 1.89.

Exploratory outcome
The median depression T score in the treatment arm signif-
icantly decreased after treatment with Scrambler therapy
(p = 0.03). There were no significant decreases in anxiety
(p = 0.10), sleep disturbance (p = 0.26), or pain interference
(p = 0.37) after the Scrambler intervention. In the Scrambler
therapy arm, 8 participants had a clinically meaningful im-
provement in pain, indicated by a decrease in NRS pain score
of ≥1.80. When we consider only these patients, the change in
median anxiety T scores becomes significant (p = 0.02), while
sleep disturbance and pain interference remain unchanged (p
= 0.64 and p = 0.68, respectively). Among those in the sham
arm, the median anxiety, depression, and sleep disturbance T
scores did not change over time (p = 0.15, p = 0.60, and p =
0.36, respectively). Four participants had a clinically mean-
ingful improvement in pain in the sham arm. When we

consider only these patients, all symptoms remain unchanged
over time.

Discussion
The results of this sham-controlled trial in patients with
NMOSD demonstrate that Scrambler therapy is an acceptable,
feasible, and safe intervention for central neuropathic pain, with
evidence that supports efficacy. Participants who received
Scrambler therapy had a significant reduction in pain compared
to those who received sham treatment. This was sustained at 30
days after the treatment course. Notably, there was no differ-
ence in the number of patients who thought they were assigned
to the treatment vs sham groups, which suggests that any
placebo effect was controlled for through the established sham
intervention. To date, most research investigating the effect of
Scrambler therapy on pain has involved open-label trials for
peripheral neuropathic pain management.12–15,33,34 Four
studies have used a random controlled design, including 2
unblinded prospective randomized trials that tested Scrambler
against an active comparator30,35 and 2 that have applied
a blinded randomized sham-controlled design. One involved
patients with chemotherapy-induced peripheral neuropathy,
which found no difference compared to Scrambler therapy
placed on the back near the spine (n = 14).36 In a second
prospective placebo-controlled trial in patients diagnosed with
low-back pain (n = 30), the treatment group was found to have
a significant reduction in pain compared to the control group.37

The sham group received Scrambler therapy at what was
thought to be subtherapeutic doses.

Results suggest that the trial is feasible and acceptable. Ad-
herence with the full program comprising 10 sequential
weekday visits was similar in both groups, and there was no

Figure 3 Box and whisker plots depicting median change in NRS pain scores across time points

(A) Scrambler-treated and (B) sham arms. NRS =
numeric rating scale.
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difference in the number of participants who completed the
trial and follow-up in both groups. Both groups also reported
an interest in continuing treatments beyond the trial period,
indicating a strong desire for pain relief with nonmedical
therapies. Because many of our participants with NMOSD
were severely disabled and unable to commute to the clinic on
a regular basis, we offered home treatment in both arms. This
likely improved feasibility and protocol adherence and sug-
gests that a study that enables home treatments would make
NMOSD participant enrollment and retention easier for
a larger study.

This prospective interventional trial of a therapy to treat pain
in patients with NMOSD investigated Scrambler therapy
specifically for central neuropathic pain. The rationale for
Scrambler use in patients with NMOSD involves the pe-
ripheral sensitization of nonmyelinated ascending C fibers,
the slightest stimulation of which is interpreted by the brain as
persistent pain.9 In addition to evidence that Scrambler
therapy improves pain from peripheral neuropathy, in-
vestigation into Scrambler therapy in patients with central
neuropathic pain syndromes has been limited to 2 case studies
(hemorrhagic brainstem cavernoma and transverse myelitis)
before our study, both of which reported improvement in
pain.18,19

Opioids are frequently used for breakthrough therapy in
patients with NMOSD given the severity and intensity of
pain in this population. Doses and numbers of medications
are often increased due to opioid tolerance, causing side
effects, particularly at higher doses, which are in-
dependently associated with fatigue.2 With growing
awareness of the dangers of polypharmacy, Scrambler
therapy provides a nonpharmacologic option for central
neuropathic pain treatment. Advancing alternative mech-
anisms for pain treatment, including Scrambler therapy,
may allow reduced medication dosing such that other
symptoms with which the patient is already struggling are
not exacerbated.

Recent research in chronic disease suggests that treating 1
symptom in isolation of other co-occurring symptoms does not
affect QoL.38 However, small studies specific to patients with
NMOSD indicate that treating pain may have the greatest im-
pact on improving QoL.39,40 While the current study did not
measure QoL, the findings suggest that among those who
responded to Scrambler therapy, intervening on pain decreases
depression and anxiety, which may, in turn, affect QoL.

This study was limited by several factors. First, the design of
this study was single-blinded due to the fact that the tech-
nician knew whether treatment or sham was being delivered
by necessity. To mitigate the bias this potentially in-
troduced, measurement tools and survey data were col-
lected by an unrelated study coordinator. Second, although
patients were recruited with the use of a randomized block
design to mitigate the risk of confounding effects from pain

medication class on the basis of previous data that reported
that the type of medication may be predictive of response to
Scrambler therapy,23 our study was not powered to suffi-
ciently compare efficacy results across classes of pain
medications because patients were often on multiple med-
ications. The effect that modifying pain through Scrambler
therapy had on co-occurring symptoms was also limited by
the sample size.

Lastly, while it was encouraging that a difference was detected
between the Scrambler-treated and sham arms, this study was
not powered to effectively examine sustainability of treatment
through the 60-day follow-up period. The practicality of using
Scrambler increases if the effect is sustained. The trend toward
significance at 60 days suggests that a larger study that
includes 29 patients per arm may uncover sustained effect.
Furthermore, re-emergence of pain in treatment of both
central and peripheral pain conditions has been described,18,19

and pain has been shown to be amenable to subsequent
booster treatments, often with fewer Scrambler treatment
sessions needed.12 Anecdotally, 1 complete responder from
the current study was subsequently treated when pain began
to re-emerge after study completion and remains pain-free
months later. Thus, adapting the protocol to include sub-
sequent booster treatments when pain emerges should be
considered for future studies. Overall, the effectiveness, fea-
sibility, and safety profiles we report support the need for
a larger phase III study to further examine the effect of
Scrambler on pain, reduction of analgesic medication use, co-
occurring symptoms, and QoL in a larger NMOSD patient
cohort.

Acknowledgment
The authors thank Giuseppe Marineo, PhD, and Stephen
D’Amato, MD, as our expert Scrambler advisors throughout
the study; DIS&L for supplying the GEOMC Pain Scrambler
model MC-5A machine; Hugh M. Mealy for assembling and
maintaining the sham device; and our patients for their
contributions to this study.

Study funding
Funding for this study was made possible through a research
grant provided by the Johns Hopkins Blaustein Pain Research
Committee.

Disclosure
M. Mealy, S. Kozachik, L. Cook, L. Totonis, R. Salazar, J.
Allen, and M. Nolan report no disclosures relevant to the
manuscript. T. Smith reports having received $5,600 in sup-
port from GEOMC, Inc, Seoul, Korea, the manufacturer of
the MC5A Scrambler therapy machine (January 2017). M.
Levy reports no disclosures relevant to the manuscript. Go to
Neurology.org/N for full disclosures.

Publication history
Received by Neurology April 4, 2019. Accepted in final form
November 13, 2019.

e1906 Neurology | Volume 94, Number 18 | May 5, 2020 Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000009370
http://neurology.org/n


References
1. Oh J, Levy M. Neuromyelitis optica: an antibody-mediated disorder of the central

nervous system. Neurol Res Int 2012;2012:460825.
2. Qian P, Lancia S, Alvarez E, Klawiter EC, Cross AH, Naismith RT. Association of

neuromyelitis optica with severe and intractable pain. Arch Neurol 2012;69:
1482–1487.

3. Zhao S, Mutch K, Elsone L, Nurmikko T, Jacob A. Neuropathic pain in neuromyelitis
optica affects activities of daily living and quality of life. Mult Scler 2014;20:
1658–1661.

4. Kanamori Y, Nakashima I, Takai Y, et al. Pain in neuromyelitis optica and its effect on
quality of life: a cross-sectional study. Neurology 2011;77:652–658.

5. Hollinger KR, Franke C, Arenivas A, et al. Cognition, mood, and purpose in life in
neuromyelitis optica spectrum disorder. J Neurol Sci 2016;362:85–90.

6. Shi Z, Chen H, Lian Z, Liu J, Feng H, Zhou H. Factors that impact health-related
quality of life in neuromyelitis optica spectrum disorder: anxiety, disability, fatigue and
depression. J Neuroimmunol 2016;293:54–58.

7. Moore P, Methley A, Pollard C, et al. Cognitive and psychiatric comorbidities in
neuromyelitis optica. J Neurol Sci 2016;360:4–9.

8. Kong Y, Okoruwa H, Revis J, et al. Pain in patients with transverse myelitis and its
relationship to aquaporin 4 antibody status. J Neurol Sci 2016;368:84–88.

9. Pellkofer HL, Havla J, Hauer D, et al. The major brain endocannabinoid 2-AG
controls neuropathic pain and mechanical hyperalgesia in patients with neuromyelitis
optica. PLoS One 2013;8:e71500.

10. Food and Drug Administration. 501(k) Summary for the Competitive Technologies,
Inc. Scrambler therapy MC-5A TENS device. 2009. Available at: accessdata.fda.gov/
cdrh_docs/pdf8/K081255.pdf. Accessed October 14, 2016.

11. Majithia N, Smith TJ, Coyne PJ, et al. Scrambler therapy for the management of
chronic pain. Support Care Cancer 2016;24:2807–2814.

12. Smith TJ, Auwaerter P, Knowlton A, Saylor D, McArthur J. Treatment of human
immunodeficiency virus-related peripheral neuropathy with Scrambler therapy: a case
report. Int J STD AIDS 2017;28:202–204.

13. Joo SY, Cho YS, Cho SR, Kym D, Seo CH. Effects of pain Scrambler therapy for
management of burn scar pruritus: a pilot study. Burns 2017;43:514–519.

14. Park HS, KimWJ, KimHG, Yoo SH. Scrambler therapy for the treatment of neuropathic
pain related to leukemia in a pediatric patient: a case report. Medicine 2017;96:e8629.

15. Kim YN, Lee DK, Lee HJ. Effect of pain scrambler therapy on antineuralgic pain and
quality of life after shingles. J Phys Ther Sci 2017;29:1113–1115.

16. Kashyap K, Joshi S, Vig S, Singh V, Bhatnagar S. Impact of scrambler therapy on pain
management and quality of life in cancer patients: a study of twenty cases. Indian J
Palliat Care 2017;23:18–23.

17. Smith T, Cheville AL, Loprinzi CL, Longo-Schoberlein D. Scrambler therapy for the
treatment of chronic post-mastectomy pain (cPMP). Cureus 2017;9:e1378.

18. D’Amato SJ, Mealy MA, Erdek MA, Kozachik S, Smith TJ. Scrambler therapy for the
treatment of chronic central pain: a case report. A A Pract 2018;10:313–315.

19. Mealy MA, Newsome SD, Kozachik SL, Levy M, Smith TJ. Scrambler therapy for
treatment-resistant central neuropathic pain in a patient with transverse myelitis:
a case report. Int J MS Care 2019;21:76–80.

20. Wingerchuk DM, Banwell B, Bennett J, et al; International Panel for NMODiagnosis.
International consensus diagnostic criteria for neuromyelitis optica spectrum dis-
orders: neuromyelitis optica: clinical predictors of a relapsing course and survival.
Neurology 2003;60:848–853.

21. Wingerchuk DM, Lennon VA, Lucchinetti CF, Pittock SJ, Weinshenker BG. The
spectrum of neuromyelitis optica. Lancet Neurol 2007;6:805–815.

22. Ruiz-Gaviria R, Baracaldo I, Castañeda C, Ruiz-Patiño A, Acosta-Hernandez A, Rosselli D.
Specificity and sensitivity of aquaporin 4 antibody detection tests in patients with neu-
romyelitis optica: a meta-analysis. Mult Scler Relat Disord 2015;4:345–349.

23. Moon JY, Kurihara C, Beckles JP, Williams KE, Jamison DE, Cohen SP. Predictive
factors associated with success and failure for Calmare (Scrambler) therapy: a multi-
center analysis. Clin J Pain 2015;31:750–756.

24. Calmare Technologies, Inc. Calmare model MC-5A non-invasive pain therapy
treatment user’s manual. 2008. Available at: calmarett.com/media/pdf/User%
20Manual_International%20Version_25Nov2008.pdf. Accessed September 6, 2016.

25. Cleeland CS. The Brief Pain Inventory user guide. 2009. Available at: mdanderson.org/
education-and-research/departments-programs-and- labs/departments-and-divisions/
symptom-research/symptom-assessment- tools/BPI_UserGuide.pdf. Accessed June 23,
2016.

26. Cella D, Nowinski C, Peterman A, et al. The neurology quality-of-life measurement
initiative. Arch Phys Med Rehabil 2011;92(suppl):S28–S36.

27. Ricci M, Pirotti S, Scarpi E, et al. Managing chronic pain: results from an open-label
study using MC5-A Calmare® device. Support Care Cancer 2012;20:405–412.

28. Pachman DR, Weisbrod BL, Seisler DK, et al. Pilot evaluation of Scrambler therapy
for the treatment of chemotherapy-induced peripheral neuropathy. Support Care
Cancer 2015;23:943–951.

29. Smith TJ, Coyne PJ, Parker GL, Dodson P, Ramakrishnan V. Pilot trial of a patient-
specific cutaneous electrostimulation device (MC5-A Calmare®) for chemotherapy-
induced peripheral neuropathy. J Pain Symptom Manage 2010;40:883–891.

30. Marineo G, Iorno V, Gandini C, Moschini V, Smith TJ. Scrambler therapy may relieve
chronic neuropathic pain more effectively than guideline-based drug management: results
of a pilot, randomized, controlled trial. J Pain Symptom Manage 2012;43:87–95.

31. Hanley MA, JensenMP, Ehde DM, et al. Clinically significant change in pain intensity
ratings in persons with spinal cord injury or amputation. Clin J Pain 2006;22:25–31.

32. Definition of Classes of Evidence (CoE) and overall Strength of Evidence (SoE). Evid
Based Spine Care J 2014;5:71-0034-1373841.

33. Sabato AF, Marineo G, Gatti A. Scrambler therapy. Minerva Anestesiol 2005;71:
479–482.

34. Notaro P, Dell’Agnola CA, Dell’Agnola AJ, Amatu A, Bencardino KB, Siena S. Pilot
evaluation of scrambler therapy for pain induced by bone and visceral metastases and
refractory to standard therapies. Support Care Cancer 2016;24:1649–1654.

35. Loprinzi CL, Le-Rademacher J, Majithia N, et al. Scrambler therapy for established
chemotherapy-induced neuropathy: a randomized phase II trial. J Clin Oncol 2018;
36(suppl):10016.

36. Campbell T, Nimunkar AJ, Eickhoff JC, et al. A randomized, double-blind study of
“Scrambler” therapy versus sham for painful chemotherapy-induced peripheral neu-
ropathy. J Clin Oncol 2013;31(suppl);abstract 9635.

37. Starkweather AR, Coyne P, Lyon DE, Elswick RK Jr, An K, Sturgill J. Decreased low
back pain intensity and differential gene expression following Calmare®: results from
a double-blinded randomized sham-controlled study. Res Nurs Health 2015;38:
29–38.

38. Kim HJ, Abraham I, Malone PS. Analytical methods and issues for symptom cluster
research in oncology. Curr Opin Support Palliat Care 2013;7:45–53.

39. Mealy MA, Simpson A, Levy M. Comparing the burden of symptom severity among
autoimmune diseases affecting the spinal cord. Paper presented at the 32nd European
Committee for Treatment and Research in Multiple Sclerosis Annual Congress;
September 14–17; London, UK. Abstract A-777-0039-02305.

40. Mealy MA, Boscoe A, Caro J, Levy M. Assessment of patients with neuromyelitis
optica spectrum disorder using EQ-5D. Int J MS Care 2019;21:129–134.

Appendix Authors

Name Location Contribution

Maureen
A. Mealy,
PhD, RN

Department of Neurology,
Johns Hopkins University
School of Medicine; Johns
Hopkins University School of
Nursing, Baltimore, MD

Contributed to the
conceptualization and
design of the study, data
collection and analysis,
interpretation of data, and
drafting/revising
manuscript content

Sharon L.
Kozachik,
PhD, RN

Johns Hopkins University
School of Nursing, Baltimore,
MD

Contributed to the
conceptualization and
design of the study, data
analysis, interpretation of
data, and revising
manuscript content

Lawrence
J. Cook,
PhD

Department of Pediatrics,
University of Utah, Salt Lake
City

Contributed to data
analysis, interpretation of
data, and revising
manuscript content

Lauren
Totonis,
MSN

Johns Hopkins University
School of Nursing, Baltimore,
MD

Contributed to data
collection and revising
manuscript content

Ruth
Andrea
Salazar,
MD

Department of Neurology,
Johns Hopkins University
School of Medicine,
Baltimore, MD

Contributed to data
collection and revising
manuscript content

Jerilyn K.
Allen, ScD,
RN

Johns Hopkins University
School of Nursing, Baltimore,
MD

Contributed to study
design and revising
manuscript content

Marie T.
Nolan,
PhD, RN

Johns Hopkins University
School of Nursing, Baltimore,
MD

Contributed to study
design and revising
manuscript content

Thomas J.
Smith, MD

Department of Oncology,
Johns Hopkins University
School of Medicine,
Baltimore, MD

Contributed to study
design, acquisition of the
MC5-A for study
purposes, data collection,
interpretation of data, and
revising manuscript
content

Michael
Levy, MD,
PhD

Department of Neurology,
Johns Hopkins University
School of Medicine,
Baltimore, MD; Department
of Neurology, Massachusetts
General Hospital andHarvard
Medical School, Boston

Contributed to the
conceptualization and
design of the study, data
collection and analysis,
interpretation of data, and
drafting/revising
manuscript content

Neurology.org/N Neurology | Volume 94, Number 18 | May 5, 2020 e1907

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://www.accessdata.fda.gov/cdrh_docs/pdf8/K081255.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf8/K081255.pdf
http://calmarett.com/media/pdf/User%20Manual_International%20Version_25Nov2008.pdf
http://calmarett.com/media/pdf/User%20Manual_International%20Version_25Nov2008.pdf
https://www.mdanderson.org/education-and-research/departments-programs-and-%20labs/departments-and-divisions/symptom-research/symptom-assessment-%20tools/BPI_UserGuide.pdf
https://www.mdanderson.org/education-and-research/departments-programs-and-%20labs/departments-and-divisions/symptom-research/symptom-assessment-%20tools/BPI_UserGuide.pdf
https://www.mdanderson.org/education-and-research/departments-programs-and-%20labs/departments-and-divisions/symptom-research/symptom-assessment-%20tools/BPI_UserGuide.pdf
http://neurology.org/n

