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Over 60 Days: An In-Home User

Purpose: Two previous independent double-blind randomized studies demonstrated that
thermal neuromodulation using high temperature pulsed heat reduced pain in subjects with
chronic low back pain. The present study examined the effects of high temperature pulsed
heat via an experimental device in a real-world In-Home Use Trial (IHUT) over a sixty-day
period.

Materials and Methods: This in-home study recruited 34 subjects with chronic low back
pain, provided them with an experimental device that delivered treatment session of high
temperature pulsed heat up to 45°C, and followed them for eight weeks. Subjects were
allowed to use the device as needed. Primary outcome was pain rating as measured by the
11-point Numeric Pain Scale at baseline, four and eight weeks of treatment. The secondary
outcome measures were the interference with daily living components of the Brief Pain
Inventory at baseline versus eight weeks of treatment.

Results: Thirty-two subjects completed the study. Pain levels were 5.81 at baseline, 2.79 at
four weeks and 2.25 at eight weeks. All changes in pain levels between baseline and four
weeks, baseline, and eight weeks and between four and eight weeks were statistically
significant (p < 0.05). At eight weeks, the seven components of pain interference with
activities of daily living and pain interference with walking were statistically reduced (P <
0.05). About 72% of subjects reported a single 30-minute treatment session produced over 3
hours of pain relief.

Conclusion: An cight-week in-home trial of high-temperature thermal modulation devices
produced significant reductions in pain and pain interference with activities of daily living,
an important measure of function. Efforts were made to control and reduce study contam-
ination. This study provides important initial data for long-term outcome studies of thermal
neuromodulation using high temperature pulsed heat to treat low back pain and to improve
subject function and demonstrated that individuals with chronic pain can effectively self-
manage pain.

Keywords: thermal analgesia, heat, pulsed heat, chronic low back pain

Plain Language Summary

Two earlier studies showed that high-temperature pulsed heat at 45°C reduced pain in those
with chronic low back pain in a short-term, highly controlled clinical study. This Trial builds
on previous studies and tests the same experimental device in people with chronic low back
pain but in their own home over a period of eight weeks. Study subjects (N=34) reported
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their pain at baseline and after both four and eight weeks of
device use. The way pain interfered with their activities of daily
living such as sleeping, interacting with others and mood was
measured at baseline and after eight weeks of treatment. Finally,
study subjects reported how long a heat treatment session of up
to 30 minutes relieved their pain. The goal of the study was to
determine if the experimental device was effective in reducing
low back pain in people in a real world out of medical clinic
setting. Thirty-two subjects completed the IHUT, and the results
showed that the experimental device significantly reduced sub-
jects’ pain at both four and eight weeks of treatment compared to
baseline. Pain interference with activities of daily living was also
reduced after 8 weeks of device use. Improvements were
reported in sleep, mood, walking, enjoyment of life, normal
work, general activities, and relationships. These improvements
are thought to contribute to an enhanced quality of life. Finally,
72% of the subjects reported that a single high temperature
pulsed heat treatment reduced pain for 3 or more hours. While
this type of real-world study has limitations, the results offer
chronic pain sufferers hope of a drug-free, self-management
method to manage chronic pain at home. The device offers
pain sufferers a mobile highly effective method of pain manage-

ment and may represent a new form of pain management therapy.

Introduction

A recent publication by the United States Center for
Disease Control estimated that over 20% of the US popu-
lation (50 million) suffers from chronic pain and 8%, or
over 20 million individuals, suffers from high impact
chronic pain.' High-impact chronic pain is defined as
chronic pain that limited life or work activities on most
days or every day during the past 6 months.? The costs of
chronic pain are staggering and are estimated at
$560 billion per year.” Looking at just chronic low back
pain, a recent study reported that the point incidence of
low back pain was 13.1% in individuals aged 20-69, as
defined by having a history of pain located between the rib
margin and gluteal folds nearly every day over a three-
month period.* The authors also reported that those with
chronic low back pain were socioeconomically disadvan-
taged with lower incomes, less education, and multiple
comorbid medical conditions.*

Compounding the severity and incidence of chronic
pain is the understanding that many commonly used treat-
ments are associated with potential major side effects and
complications. Increasing rates of opioid use disorder and
opioid-related overdose deaths have made the use of pre-
scription opioids for the treatment of chronic pain proble-
matic with recent their

guidelines recommending

avoidance.” The side effects and potential problems of
common pain-relieving medications such as nonsteroidal
anti-inflammatory (NSAID) drugs are now better recog-
nized with the FDA issuing guidelines related to the
potential of significant unwanted cardiovascular effects
from these drugs.® Given these circumstances, not surpris-
ingly, there has been a greater focus on nonpharmacologi-
cal interventions and therapies to manage chronic pain
with new clinical guidelines recommending the use of
nondrug treatments as one of the first options in pain
management, and the American College of Physicians
lists superficial heat as one of the initial treatments.’

Against this background, the authors recently published
two independent randomized controlled blinded studies on
the use of heat in the treatment of chronic low back pain.®’
These studies were done in a clinical laboratory under tightly
controlled conditions and compared thermal neuromodula-
tion with high temperature precise heat between 41°C and
45°C*? versus lower temperature steady heat delivered by
an identical experimental device. The term precise is used as
the temperature to desensitize human TRPV-1 channels
without tissue damage is estimated to range between 41°C
and 45°C through skin and epidermal tissues.'” In the initial
trial, the high temperature precise heat was delivered at
approximately 1.4 pulses per minute. The second trial used
the identical temperature 45° C but pulsed the heat at twice
the rate of the initial trial. The results in subjects who
suffered from chronic longstanding back pain (mean 10
years) showed that high temperature pulsed heat in both
experimental conditions produced significantly faster and
better pain relief than the control condition of lower-
temperature steady heat. In addition, 30 minutes of treatment
by both high temperature precise heat interventions pro-
duced pain relief that lasted for several hours longer than
the initial 30-minute treatment.

Given the background that chronic low back pain is
public health problem,” guidelines generally recommend
the use of non-drug options’ and studies support the effec-
tiveness of heat in the management of low back pain, this
study was proposed and serves as a logical extension of the
two published and highly controlled short-term clinical
trials.®” This longer term in-home user trial (IHUT) was
designed as an out of clinic, real-world test. Subjects with
chronic low back pain were provided with the experimental
device and allowed to use the device for at least two months.
While the limitations of this design and efforts to minimize
contamination of results are discussed in later sections of
this manuscript, the IHUT focused on long term out of clinic
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results in the subjects’ actual home setting. More impor-
tantly, efforts were made to assess the effect of the interven-
tion on important aspects of quality of life. Pain relief
without improvement of function or quality of life would
have limited clinical applications. In addition while many
may personally acknowledge the comfort of a hot shower,
hot soak, or a heating pad, these provide no user mobility.
Chemical hot packs while allowing mobility do not allow for
user customization of temperature and take a relatively long
time to achieve effect. The device tested in this IHUT study
offers users mobility and customization and therefore could
represent an advancement in practical pain management.

The primary objective of this study was to examine the
effect of the experimental intervention on chronic low pain
over an eight-week period. In addition, pain interference
with activities of life and effective duration of a treatment
session were measured.

Methods

Study Design

Between May 2020 — January 2021, Soovu Labs, Inc. con-
ducted an experimental In-Home Use Trial (“IHUT”) of its
Soovu Wearable Pain Relief System (Figure 1) in thirty-four
individuals with chronic low back pain. The IHUT study was
conducted with IRB approval from the Western Institutional
Review Board and registration on ClinicalTrials.gov
(NCT04407884). Procedures followed were in accordance
with the Declaration of Helsinki and all subjects gave written
informed consent. All subjects enrolled in the IHUT received
a complete system which included two experimental
devices; a charging cradle and charging cable; printed
instructional materials; a 60-day supply of adhesive rings;
and access to the companion mobile app. Subjects were
instructed to use the experimental device on an as-needed
basis for temporary relief of chronic pain and to follow the

indications for use and printed instructions. Subjects were
instructed to keep the devices charged and to use the mobile
app to operate the devices. If they needed assistance or had
questions, subjects were instructed to call, email, or text
message the study coordinator, a contractor of Soovu Labs.

Data Collection

Data collection occurred throughout the trial using multiple
methods: 1) online quantitative surveys via Survey Monkey®
to collect subjects’ feedback at baseline and at four weeks
and eight weeks; 2) qualitative interviews via video confer-
ence/phone call at one week after the subject’s first use of the
experimental system and after the completion of the eight-
week quantitative survey to collect subjects’ opinions on the
overall ease of use of the system and its components; and 3)
passive automatic collection of each subject’s actual usage of
each device. Device usage data was collected via Bluetooth
and stored in Soovu Labs’ AWS secure cloud database.
Usage data collected included the following for each heat
session that was run: date and time, duration, heat profile and
temperature. In addition to these data collection methods,
a small amount of qualitative, ad-hoc questions about device
operations were collected and responded to via email and
text message by the study coordinator.

Compensation

Subjects were compensated in stages of up to $620 for
their ongoing participation in the IHUT. The compensation
schedule was as follows: first payment of $200 issued
upon completion of the quantitative survey four weeks
after the subject’s first use of the device, second payment
of $200 issued upon completion of the quantitative survey
eight weeks after the subject’s first use of the device; final
payment of $200 plus a $20 Amazon® gift card issued

Figure | Pictures of the experimental device. Left shows the pods resting in the charging cradle inside the carrying case. Right shows pods, charging cradle, and two

adhesive rings.
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upon the successful return of the device at the end of the
trial period.

Recruitment

Subjects were recruited from a list of individuals who had
participated in past marketing focus groups with Soovu
Labs and from a recruitment database maintained by
Fieldworks®, a market research firm in Seattle, WA. All
subjects met the following inclusion criteria: 21-70 years
old; must have had non-radiating low back pain at least 3
days a week on average in the last 30 days; must have had
this low back pain for at least 6 months; must rate pain
a “5” or greater on scale of 0—10; must have an iPhone
version 6.0 or newer; and must run mobile apps at least “a
few times” or “some days” a week. In addition, all subjects
had to respond that they were “motivated”, “very moti-
vated”, or “extremely motivated” to “do something to help
relieve your low back pain”; had to respond that they were
in “fair health”, “moderate health”, “good health” or
“excellent health”; and had to respond that they had none
of the listed chronic conditions. The selection of one or
more of the following chronic conditions resulted in exclu-
sion from the trial: “Presently have or had clinically sig-
nificant, or uncontrolled renal,

severe, progressive,

hepatic, hematological, immunologic, gastrointestinal,
endocrine, pulmonary, cardiac, neurologic, cerebrovascu-
lar or psychiatric disease”; “Presently have or had sciatica
where the sciatic component of the pain is greater than the
non-radiating pain located in the low back™; “Presently
have or had skin diseases and disorders (eg, psoriasis,
eczema, scars, wounds and other dermatological lesions)”;
“Currently receiving treatment for abnormal tissue
growth”; “Currently pregnant, planning to become preg-
had

a hypersensitivity to/issues with adhesive products on the

nant, or lactating”; “Presently have or
skin”; “Presently have or had a hypersensitivity to/issues
with products that are used for heat therapy (eg, heating
pads)”. Finally, any individuals who responded “yes” to
“taking opioid medications” were excluded from participa-

tion in the trial.

Study Process

Enrollment

Subjects who screened into the IHUT received a pre-
enrollment call from the study coordinator. During the pre-
enrollment call, the study coordinator described the expec-
tations of the IHUT including duration of the trial,

required feedback mechanisms and timepoints, and

compensation. The study coordinator also provided an
overview of the experimental system and answered any
questions the subjects had. Finally, the study coordinator
reviewed the IRB informed consent documentation with
the subjects and provided an online link for their review
and signature of the documentation.

After the on-boarding call and successful completion
of the informed consent documentation, subjects were
officially enrolled in the IHUT. A complete experimental
system was sent to each subject’s home, and the subject
was instructed to download the mobile app that controls
the experimental devices. Each subject was then responsi-
ble for setting up the devices on his or her own which
included setting up an account in the mobile app, charging
the devices, and pairing the devices with the mobile app.
A consort diagram of the recruitment and enrollment pro-
cess is shown in Figure 2.

In this self-reporting study, prior to each assessment it
was acknowledged that even though they may have used
the device on other parts of the body, the assessment was
specific for use on their low back.

System Use

As the THUT took place in a real-world setting, each
subject was encouraged to use the experimental devices
on an as-needed basis and as she or he saw fit for the
temporary relief of chronic low back pain. As a result,
subjects used the experimental devices in a variety of
settings including at home, at work, and while driving.
Subjects were instructed to place the devices on or near
where they had pain in their low back. Subjects were
encouraged to experiment with placement of the devices
as well as the settings of each heat session they ran. For
study purposes, only the effect of the experimental device
on subjects’ low back pain was evaluated. To adhere the
devices to the body, subjects were provided with hypoal-
lergenic and biocompatible adhesive rings. When subjects
finished their allotment of adhesives, they were provided
an additional supply.

The mobile app controlling the experimental devices
allowed for the customization of each heat session to suit
the subject’s personal preferences. With the customization
controls, subjects were able to set the maximum tempera-
ture of the devices selecting from low (42°C), medium
(43°C), high (44°C), or max (45°C) and the duration of the
heat session, selecting 10 minutes, 20 minutes, or 30
minutes. Finally, subjects were able to select the heat
profile for the session, selecting from “Deep”, “Soothe”
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Figure 2 Consort diagram of subject recruitment and screening. There was no pre-testing or trial to determine subjects more likely to respond to the experimental
treatment. 30 subjects completed all assessments in the study. Two subjects completed all assessments in the study except for a final assessment on pain interference with

life. For most data analyses the total number of subjects were 32.

or “Breathe.” The heat profiles are differentiated by the
rate at which the devices’ temperature rises, peaks, falls,
and repeats the cycle. Each heat profile produces
a different warming sensation and is highly subject to
personal preference. Subjects in the IHUT were encour-

aged to try each profile throughout the trial period.

Safety Assessment

Subjects were asked to inform the study coordinator about
any concerns from using the device or adhesive rings.
They were told that the device is FDA registered, the
adhesive rings are latex free and biocompatible, and that
mild erythema (skin redness) after using the device was
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normal. Any concern throughout the study was documen-
ted into a study log, and concerning events were shared
with the study physician. In addition, used data for each
device was collected in real time and stored in the study
database.

Outcome Assessments

1. The primary outcome of this study was the changes
in pain level as rated by the numeric pain scale
(NPS) comparing baseline pain levels to pain levels
after four and eight weeks of use."'

2. Secondary outcomes were the interference with
daily life scale of the Brief Pain Inventory compar-
ing baseline with levels after eight weeks of
treatment.'>

3. The duration of pain relief after a single treatment
was also measured after eight weeks of treatment.

4. Subjects’ preferences for the duration of each treat-
ment session (10, 20 or 30 minutes), preferences for
the maximum treatment temperature (42, 43, 44, or
45°C), and treatment program (“deep” profile where
the heat pulses at the rate of about 2.8 times
per minute, “soothe” 1.4 times per minute and
“breathe” one pulse per minute) were collected.

Statistical Analysis

Study data were collected and entered into a spreadsheet
and statistical analysis was performed using JPM version
15.2.0 (SAS Institute Inc.) with a two-tailed alpha set to
0.05 for all analyses. The primary outcome measure of
changes in pain scores measured by the NPS and was
assessed using a one-way repeated measures ANOVA.
The secondary outcome of changes in pain interference,
as measured by the BPI, was assessed with paired #-tests,
and checked with a Wilcoxon signed rank test in case the
data were non-parametric.

Results

Thirty-four subjects were recruited into the study. Two
subjects dropped out of the study during the trial. Thirty
subjects completed all assessments, and 2 subjects com-
pleted all assessments except for the final questionnaire on
the BPI pain interference with life. For data analysis, all 32
subjects were used except for the final questions on pain
interference with life, for which there were 30 responses.
These numbers are reflected on the consort diagram
(Figure 2).

Of the 32 subjects, 14 were males and 18 were females
with the age grouping of 9 subjects 21-34 years of age, 18
subjects 35-49 years of age, and 5 subjects 50-70 years of
age. All subjects’ primary pain complaint was chronic low
back pain.

The primary study outcome was the change in pain
scores from baseline to week 8 using the 11-point NPS
measure. The baseline pain score was 5.81, standard error
SE + 0.34 (N=32). At the end of eight weeks, the pain score
was 2.25 SE £ 0.32 (N=32). Figure 3 shows the reduction in
pain from baseline to 4 weeks, and from baseline to 8 weeks.
In all time periods, the reduction in pain was statistically
significant. Figure 4 shows the changes in pain levels over
time for each subject. Pain levels continued to fall through-
out the study for many subjects.

Seven questions from the BPI measuring “pain inter-
ference with life” and an additional question rating their
“pain interference with walking” were asked at baseline
and at the end of 8 weeks. All measures of pain interfer-
ence with life and interference with walking showed
a statistical improvement by 8 weeks (Figure 5).

At week 8, all subjects were asked to report how long
relief lasted after a heat session with the experimental
devices. Nineteen percent reported a treatment session
reduced pain for over 12 hours, 3% reported a treatment
session reduced pain for 9-12 hours, 31% reported
a treatment session reduced pain for 6-8 hours, 19%
reported a treatment session reduced pain for 3—5 hours,
and 22% reported a treatment session reduced pain for 1-2
hours (Figure 6).

Subjects’ preferences for treatment temperature, treat-
ment duration and how often the device would generate
pulses of heat per minute were collected. These results
displayed graphically in Figure 7 show that 83% of sub-
jects chose the hottest temperatures for the pulsed heat
either 44 or 45°C and only 1% selected the lowest setting
of 42
a treatment duration of 20 or 30 minutes with 17% choos-

°C. Eighty-three percent of subjects chose
ing a duration of 10 minutes. Finally, nearly 69% of
subjects chose the fastest rate of heat pulses per minute
at approximately 2.8 times per minute (“deep”), 23%
chose a pulse rate of 1.4 times per minute (“soothe”),
and about 10% chose the slowest rate of once per minute
(“breathe”).

Concerns regarding potential side effects from the
device were solicited from each of the 32 subjects. If
subjects reported a concern they were contacted via tele-
phone. Overall, the experimental device was used for
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6 Reduction in pain level versus time epoch
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S 4-8 weeks -0.53 (p = 0.008)
0-8 weeks - 3.56 (p < 0.0001)
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Baseline week 4 week 8

Time of assessment

Figure 3 This table shows the pain * SE levels from baseline to 4 weeks, from baseline to 8 weeks and from 4 weeks to 8 weeks. There was a significant reduction in pain

(p<0.05) from baseline to 4 weeks and from baseline to 8 weeks. N=32.

a total of 1303.5 hours (summary use of all subjects). Over  a treatment session. In every case, the erythema comple-
the 8-week study period, 11 subjects reported some tem-  tely resolved in less than 6 hours and no subjects repeated
porary erythema upon removing a heating pad after this concern a second time. Two subjects had minor

Low Back Pain at Baseline and After Using Soovu at 4 and 8 Weeks

10

Pain Score
v

~

[

0 |l| ||‘ ||| ‘II 'N || '|l ‘l '" |l| |I|
1 2 3 4 5 6 7 8 9

Participants

m Baseline m Hours After Using Soovu, Week 4 m Hours After Using Soovu, Week 8

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Figure 4 Responses to the question, on a scale of 0—10 (0=no pain; |0=worst possible pain), how do you rate your low back pain in the hours after using Soovu? (N=32) for

many subjects the amount of pain relief increased as the study progressed.
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m Baseline mAt8 weeks

Figure 5 Subjects’ responses to the question, during the past week, how much has your low back pain interfered in each activity? (0=no interference; 10=complete
interference N=30) by eight weeks of treatment all components of the BPI interference with life measures and the added pain interference with walking question were

statistically improved (p < 0.05).

35

30

25

Percentage of subjects

<1 hour 1-2 hours

20
15
10
5
L N B B N N

3-5 hours

6-8 hours 9-12 hours >12 hours

Hours of pain relief after a single treatment session

Figure 6 After eight weeks of treatment subjects were asked how long a single treatment session produced pain relief (N=32). A significant percentage of subjects reported
that a single session produced pain relief for a period that greatly exceeded the time of treatment with 19% reporting an effect over 12 hours.

discomfort removing the adhesive pads but reported this as
a minor concern. No subjects required a call from the
study physician because of side effects.

Discussion

This THUT was designed as an experimental trial for
several reasons. We had published two independently
run, double-blind, randomized controlled trials assessing
the technology in subjects with chronic low back pain.”*
These trials demonstrated the effectiveness of high

temperature pulsed heat to reduce pain. The IHUT was
a next logical step to assess the technology in long-term
use in subjects living in a real-world setting. A randomized
controlled study design was considered but had several
deficiencies when considering some key elements of our
initial controlled trials. For instance, in the clinical trials,
we used an active placebo device, which was identical to
the experimental device except for the temperature of heat.
While the experimental device pulsed to 45 °C, the pla-
cebo device provided constant heat at 37 °C. The placebo
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Temperature choice

B Max
B High
Medium

Low

Duration

Pulsed heat profile

M Deep
M 30 minutes
M Soothe
M 20 minutes
Breathe

10 minutes

Figure 7 Graph on far left (Temperature choice) displays the treatment temperature chosen by subjects as a summation of all sessions over the course of the study. Max
temperature was 45 °C, high was 44 °C, medium 43 °C, and low 42 °C. Middle graph (Duration) displays the duration of treatment chosen by subjects as a summation of all
sessions over the course of the study. Subjects could choose between a 30, 20 or |0-minute session. Graph on the far right (Pulsed heat profile) displays the pulsed heat
profile chosen by subjects as a summation of all sessions over the course of the study. With the deep profile the heat pulses at the rate of about 2.8 times per minute, soothe

1.4 times per minute and breathe one pulse per minute.

control device was noticeably hot to the touch, and sub-
jects were never told whether they received an experimen-
tal or placebo device. Subjects were asked at the various
points in the study whether they felt they had the placebo
or experimental device. Despite using identical devices
and both devices being noticeably hot, some subjects
were able to correctly guess which device they had
received in the trial.* When looking at a longer-term, real-
life trial it was felt that even an active placebo would not
be able to successfully function as an effective placebo
device, particularly over the two-month trial. In addition,
prior to embarking on a complicated long-term blinded
controlled trial it was felt that a pilot type study such as
the present one should be done to test the methodology
and provide a basis for future sample size calculations and
guide a study design that used a comparison group such as
usual care or alternative device as a control condition.
Therefore, this in-home user trial study was selected.
This study clearly had some limitations. Subjects were
compensated for their time, they were not blinded, and
they likely had treatment expectations when they entered
the study. Despite the limitations of this study, efforts were
made to attain an accurate as possible testing paradigm
with minimal bias. For instance, although all potential
subjects were screened to assure that they met study cri-
teria, no effort was made to select subjects who were more
likely to respond to the study device. For example, some
long-term trials may pretest subjects or use a “run in”
period and only select those who have a favorable
response to the intervention. In this case, no pretest or
use of the experimental device was done before the subject
entered the study. If the subject met the study criteria, they
were entered into the study with no bias based on any

study run-in or pre-study testing. This was done to reduce
the chances of having an enriched subject sample that
would favorably bias the results. If subjects did not find
the device useful for pain relief during the study, it was
expected that the assessment would demonstrate that.
Likewise, if subjects were not benefiting from the study
device, it was reasonably expected that they potentially
would stop the study or drop off. In fact, two subjects did
not complete the study and are counted as treatment fail-
ures regardless of the reason for drop out.

In an additional effort to reduce bias, subjects were
paid in over 3 different time epochs. Subjects were paid
upon completion of a quantitative survey four weeks after
the subject’s first use of the device; again, upon comple-
tion of the quantitative survey eight weeks after the sub-
ject’s first use of the device; and final payment upon the
successful return of the devices to Soovu Labs at the end
of the trial period. Subjects would receive payment over
these periods as long as they participated in the data
collection activities (eg, quantitative surveys) regardless
of whether or not they used the devices. It was hoped
that by offering payment at three different times there
would be less incentive to continue the trial compared to
offering a single payment at its conclusion. Nevertheless,
payment of the subjects even as installments may have
added a bias to the results. Based on these outcomes,
a long-term follow-up study with a wait list control, cross-
over design, or an active alternative device group such as
transcutaneous electrical nerve stimulator (TENS) is being
considered.

Efforts were made to minimize subject contact with the
study personnel. After subjects were oriented to the use of
the device, they independently enrolled the experimental
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devices using the phone app on their own personal smart
phone. The phone app could offer support and directions
and subjects were also provided with a printed instruc-
tional booklet which covered all operations of the device.
In addition, at one week of treatment, subjects were con-
tacted via internet-based video conferencing to answer any
questions or concerns after which study personnel did not
intervene with subjects unless subjects requested support.
This occurred only very rarely and was usually technically
related. Subjects completed an online assessment at study
start, and after 4 and 8 weeks of treatment. Because of
both the trial protocol and COVID-19 pandemic no subject
ever met any study personnel in person except for video
orientation.

Our previous studies demonstrated that under tightly
controlled experimental conditions the device offered
rapid and significantly more effective pain relief than the
lower temperature, steady-heat control device.®’ A logical
question was how these laboratory results translate into
real-world use. The IHUT was designed to help answer
this question. In the real world, pain is not static but is
dynamic.'>'* Pain is episodic with peaks and valleys
sometimes related to the individual’s mood, stresses, and
biological variables such as everyday activity.'>'® Short-
term laboratory observations cannot easily capture these
variables. Pain was assessed using the 11-point Numeric
Pain Scale, a well-accepted and validated measure.'""!”
While pain relief was the primary outcome variable, per-
haps more importantly, this study attempted to measure the
impact of the experimental device on how pain negatively
affects and interferes with important components of life.
For the IHUT, the pain interference component of the brief
pain inventory (BPI) was selected.'®' The BPI has good
correlation across cultures,'? and with other accepted mea-
sures such as the PROMIS Pain Interference metric*® and
the Oswestry Disability Index (ODI).?' The “pain inter-
ference with life” section of the BPI has seven components
that measure how pain interferes with quality of life and
includes measures on relationships with others, enjoyment
of life, mood, quality of sleep, walking, general activity,
and interference with work. The BPI is a well-validated
and accepted instrument that has shown validity in multi-
ple cultures and has good sensitivity to change.””?* In
addition, subjects were asked to rate how their pain
affected their ability to exercise. This question was added
since physical therapy, which usually involves some form
of exercise, is a typical component of a comprehensive
approach to pain management.

The results of this ITHUT showed highly statistical
improvement in each of the seven components of the
BPI and in the ability to exercise with p values often less
than 0.001. These findings reinforce the concept that pain
affects the individual in a multi-modal fashion and proper
treatment of pain can directly impact many of these impor-
tant components of quality of life. In some respects, the
interference of pain on the components measured by the
BPI may have a greater impact on the individual’s life than
the pain level itself. The ability to reduce pain and its
negative impact on the quality of life should not be dis-
counted. Better pain control can be a critical component of
getting patient acceptance and participation in other facets
of pain management including self-care non-drug strate-
gies such as physical therapy and psychological-based
services and approaches. One of the barriers to this heal-
thier and more comprehensive approaches to pain manage-
ment can be patient acceptance and compliance with
recommendations. While not well studied, better pain con-
trol can be an important step towards this more compre-
hensive approach.

Another somewhat remarkable finding in this study
was that over time the effectiveness of the experimental
treatment tended to increase. This is displayed in Figures 3
and 4. Compared to the pain level at the start of the study,
at week four, there was a statistical reduction in pain that
further increased by week eight. It is not known why this
occurred. There are a couple of potential hypotheses. One
hypothesis is that with better pain control subjects were
able to increase activity and perhaps get better sleep as
demonstrated by the results in Figure 5. Perhaps these
activities and healthier lifestyle had an additive effect on
the experimental device, thereby producing better pain
relief. An alternative explanation is that the heat produced
an underlying biological effect that was beneficial for their
pain disorder. This could involve relaxation of muscles or
ligaments, causing greater flexibility and range of motion
or may be related to increased blood flow in the subcuta-
neous structures.”* Other experimental studies on heat
demonstrated that heat could produce muscle, tendon,
and ligament relaxation.”* In addition, percutaneous heat
measured by implanted temperature probes may increase
and blood flow
significantly.?® Heat applied to the skin can cause tempera-

underlying muscle temperature
ture increases up to 2.5cm deep into the quadriceps
mass.”” In the IHUT, no physiologic measurements were
done. A final hypothesis for the high level of analgesia
near the end of the study may be related to the subjects’
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perception of having better control of their pain. For some
chronic pain sufferers, they may have fear and frustration
related to the lack of control over their pain level. This in
turn can lead to increased anxiety and for some a feeling
of hopelessness.>*?” In the case of the experimental
device, subjects could activate their device with the
touch of a button providing some semblance of self-
control over their pain somewhat analogous to a patient-
controlled analgesia device (PCA).?® While not measured
in this IHUT, our previous clinical studies demonstrated
that the onset of pain relief was rapid with significant pain
relief achieved by the first assessment at 5 minutes of
treatment.®® This onset of pain relief is even faster than
the onset of most oral analgesics®® and may help reduce
some of the subjects’ anxiety and fear over loss of control
related to their pain. As such, these changes may have
contributed to the greater analgesic response as subjects
gained confidence in the experimental device.

An unusual finding was that the duration of analgesia
with a single treatment lasted significantly longer than the
actual treatment. In fact, as Figure 6 demonstrates, 31% of
subjects experienced 6 to 8 hours of pain relief after
a single treatment and 19% experienced greater than 12
hours of relief following a single treatment session. Our
previous clinical studies demonstrated a similar finding of
prolonged pain relief after a single treatment.”® This was
seen both with the current experimental device in the
IHUT and was also reported by other groups following
prolonged treatment with chemical hot packs.>*>' The
reason for the prolonged pain relief is not clear but may
be related to established research that shows pulsed heat at
certain temperatures can result in prolonged deactivation
of TRPV calcium channels.>? While that research was not
done on humans, it is known that capsaicin, a selective
TRPV1 channel agent, can cause prolonged desensitiza-
tion and inactivation of the TRPV1 channel.*~** In addi-
tion, some of the prolonged TRPV1 response may be
secondary to change occurring in the dorsal horn or central
nervous system as prolonged effects can sometimes be
noted with acupuncture like TENS causing a sustained
effect that can be reversed by naloxone.*> The present
study was not intended to examine potential mechanisms
of action, therefore naloxone was given.

User preferences were tracked by the system during the
trial. During and after introduction to the device, subjects
were never told how long to use the device, what tempera-
ture setting to use or what pulse rate of heat to select.
Perhaps not subjects

surprising preferred  hotter

temperatures and longer duration of treatment.
Interestingly, only 1% of subjects preferred the lowest
setting of 42°C which is still two degrees hotter than
most chemical hot packs. In terms of pulsed heat profile,
subjects preferred by far the “deep” setting of 2.8 pulses
per minute. This setting delivered the most thermal energy
to the skin as compared to the other slower pulsed heat
settings of 1.4 and 1 thermal pulse per minute. At present,
since there is no active cooling of the device, the max-
imum rate of pulsing is dependent on how rapidly the skin
dissipates the applied heat as a new pulse will not start
until the skin returns to about 40 °C topping out at about
2.8 pulses per minute.

Previously, Soovu Labs conducted a formal clinical
study with an independent consultant clinic affiliated
with the University of California Davis which demon-
strated product safety (results available at www.Soovu.
com). The current advanced experimental device is
designed to track in real time each heating session and
advises users to immediately stop the device and discon-
tinue treatment if they experience discomfort or sustained
redness and will warn users to move the devices at pre-
determined thresholds (to avoid sustained redness and/or
discomfort). It was assuring that with over 1300 hours of
use in an unsupervised setting there were no serious side
effects. The initial concerns about redness were related to
hyperemia from the applied heat and resolved relatively
quickly. Once subjects understood the cause, no subject
repeated concerns over hyperemia after use.

This study represents an advance in the understanding
and potential clinical benefits of a relatively unique form
of heat therapy. While humans have recognized the bene-
fits of heat and used heat for centuries and there have been
some very well-designed studies funded by Thermacare®
to independent universities starting around the year
2000743303637 it wwas felt that a better understanding of
some of the neurophysiologic properties of pain relief via
heat, and the optimization of the thermal-analgesic rela-
tionship could produce a more effective non-drug pain
device. To that end we published two independent well
controlled short-term trials and a paper discussing poten-
tial mechanisms of action.®” While the studies were scien-
tifically rigorous, the question remained as how 30-minute
studies translated to real-life clinical care. This back-
ground formed the basis of this exploratory study.
A literature review did not find any previous study that
examined the use of heat over a two-month period in
a home-based setting. In addition, while there are some
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studies that look at the use of chemical hot packs over
several days, a limitation of this concept is that because of
the potential dangers of an oxidation reaction in a hot
pack, the temperature must kept at a relatively low range
(39-40° C) and cannot be adjusted by the user. Our pre-
sumed mechanism of action (MOA) is “defunctionaliza-
tion” of the TRPV1 channel, and the temperatures required
in humans is likely 43—44° C or greater, much higher than
the 39-40° C of chemical hot packs.' In addition, as our
user preference data indicate, one single temperature or
one pulsation rate does not meet the needs of different
individuals with different body habitus and temperature
tolerances. Admittedly, hotter temperatures sometimes
hot enough to cause serious burns can be obtained with
plugged in heating blankets but the danger and lack of
portability hampers the practicality of their application.
Heat as an effective, easy to use, portable therapy could
be used as an integral part of conservative non-
interventional pain management. For example, if inte-
grated into a comprehensive pain management approach,
including physical therapy, would the addition of a device
that could offer fast onset on-demand pain relief improve
adherence to therapy is interesting but unknown.
Hopefully, this current study can form the base of other
clinical studies in which heat is a component.

The present IHUT was designed as a follow-up study
to our previously independently run randomized double
blinded controlled trials in subjects with chronic low
back pain.”®* This was an attempt to determine whether
some of the positive findings demonstrated in the clinical
trials could translate into positive results in the longer-term
complex outpatient environment. The results of the in-
home trial demonstrated that pain relief from the high-
temperature precise-heat experimental device could be
sustained over 60 days and that a single treatment session
could produce hours of pain relief in many subjects. This
prolonged response to heat has been reported by others
using chemical hot packs.*®** In addition, measures of
pain interference with aspects of life were also followed.
In all seven domains of the components of the brief pain
inventory, statistical improvement occurred after 8 weeks
of treatment. This improvement in functional assessment
may be more significant than the mere reduction of pain
levels. Multiple efforts in the trial design and implementa-
tion were made to try to reduce contamination. As
acknowledged, this in-home trial does come with some
inherent limitations; however, it is expected that the
IHUT is a baseline study that will provide useful

information for additional long-term well-controlled stu-
dies using either a control wait-list or separate intervention
with a crossover design. The use of heat, in particular high
temperature pulsed heat, has not been well studied in
humans and this in-home trial appears to be the first one
examining the effects of this intervention on both pain
level and quality of life over the long term.

Conclusion

Low back pain is a major clinical problem, and efforts are
underway to develop more effective nondrug options. Heat
has been used for many years for pain relief, and research
is exploring how heat interacts with the nervous system
and how this interaction can be modified to increase clin-
ical effectives. To that end, an eight-week real-world in-
home test of high temperature thermal modulation device
produced significant reductions in pain and pain interfer-
ence with activities of daily living, an important measure
of function and quality of life. In addition, 72% of subjects
reported that a single treatment produced over three hours
of pain relief. Efforts were made to control and reduce
study contamination, nevertheless there remained
a potential for outcome bias. This study provides impor-
tant initial data for long-term outcome studies of thermal
neuromodulation using high temperature pulsed heat to

treat low back pain and to improve subject function.
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