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S Implants

Background: Chronic pain patients implanted with a neurostimulation device typically
require follow-up and device programming visits to address changes in symptoms or treat-
ment. Follow-up visits require access to specialty care and necessitate patients to take time
off work, commute long distances, arrange for travel, and/or work with a caregiver’s
schedule. Telemedicine was adopted for some patient management as a result of the Sars-
Cov-2 pandemic; however, remote optimization for neuromodulation still required an in-
person visit to adjust device parameters. An FDA-approved digital platform enables remote
programming of an implanted neuromodulation device using a real-time audio-video link
from the clinical programmer to the patient controller. The Remote Optimization,
Adjustment, and Measurement for Chronic Pain Therapy (ROAM-CPT) is a multi-center,
prospective study that is currently underway to access the effectiveness of the teleprogram-
ming system in fulfilling patients’ clinical demands.

Methods: This pilot study surveyed 16 patients to determine the ability of the teleprogram-
ming platform to provide a rapid solution safely and effectively for patient’s chronic pain.
Data were collected using a questionnaire that asked 6 clinician-centric questions and 5
patient-centric questions.

Results: 4/4 surveyed physicians were able to address patients’ needs. 16/16 surveyed
patients reported a quick resolution to pain and 15/16 did not require additional follow-up.
Data curated from this pilot study show that the teleprogramming application greatly
improves patient care, is preferred by both clinicians and patients with minimal disruptions
to patients’ everyday lives.

Conclusion: Teleprogramming provides real-time virtual programming capabilities and
optimizes patients’ therapy.

Perspective: This article describes remote device programming and analysis as an alter-
native to in-person programming/treatment sessions for neuromodulation patients. This
remote option gives patients access to timely and clinically appropriate device management
when in-person care may not be available.

Keywords: neuromodulation, neurosphere, remote DRG stimulation, remote SCS
stimulation, virtual clinic

Introduction
About 20.4% of US adults (50 million) suffer from chronic pain with 8% of

individuals suffering from high-impact chronic pain.'

Chronic pain has
a significant economic impact, with annual costs estimated at $635 billion.” Tt

has been linked to loss of mobility, opioid dependence, anxiety, and depression,
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leading to an overall decrease in quality of life.'
Additionally, up to 15% of all chronic pain patients are
unresponsive to standard therapy, and therefore, seek alter-
native options.” Spinal cord stimulation (SCS) and dorsal
root ganglion stimulation (DRG-S) are two FDA-approved
neuromodulation therapies that safely address chronic
pain. Both are minimally invasive, reversible procedures
in which electrical currents are applied to neural structures
via leads either placed in the patient’s epidural space
(SCS) stimulating the dorsal column fibers or on the dorsal
root ganglion (DRG). Both SCS and DRG-S have been
successfully used to treat a variety of neuropathic pain
surgery
(FBBS),** complex regional pain syndrome (CRPS),*”’

conditions including failed back syndrome

axial back pain,'® ischemic limb pain,'' refractory unilat-

eral limb pain syndrome,'? phantom limb pain,'*™*>

post-
herpetic neuralgia,'® acute herpes zoster pain, and
discogenic pain.'* SCS and DRG-S reduce pain, have
fewer serious adverse side-effects when compared to phar-
macological options (such as opiate addiction),'” and less
financial burden over 5 years when compared to other
chronic pain therapies such as physical therapy.'®'"
Changes in physiology, pathology, or movement of elec-
trodes relative to the target tissue can lead to changes in
the patient’s symptoms. These modifications necessitate
reprogramming of the neuromodulation devices, allowing
a clinician to tailor therapy to the needs of individual
patients and adapt therapy as symptoms change. For
patients with neuromodulation systems, in-person follow-
up visits are used to address programming and symptom
changes. This necessitates patients traveling to their clin-
ician’s office. The financial burdens, disruptions to
life,
a substantial barrier to pain therapy for long commutes.

a patient’s and/or travel inconvenience pose

Travel constraints imposed during the COVID-19 pan-
demic disrupted healthcare access to millions of chronic
pain patients.”’ Telemedicine, the remote diagnosis and
treatment of patients using telecommunications technol-
ogy, has been used since the late 1990s.*' It became
increasingly popular in 2020 in response to the pandemic,
making healthcare accessible to individuals using high-
speed internet and smartphones.”? Telemedicine is safe,
cost-effective, provides intended therapeutics, improved
patient compliance, satisfaction, and quality of life.*~*
Remote programming for SCS was studied in China in
20192020, 68.8% of patients involved in the study pre-
ferred remote programming.”> Given the discomfort that

may occur during travel for patients with chronic pain, risk

of exposure during the COVID-19 pandemic, and the need
for rapid resolution of any emerging symptoms,”® it is
beneficial to investigate alternate pain management
options. An FDA-approved digital teleprogramming plat-
form (NeuroSphere ™ Virtual Clinic, Abbott, Austin,
Texas) allows remote programming of neuromodulation
devices using a real-time audio-video connection. The
software has secure remote video chat connectivity and
clinicians can manipulate and adjust device functionality
and parameters remotely, perform systems checks, and
provide session reports.

A Remote  Optimization,  Adjustment, and
Measurement for Chronic Pain Therapy (ROAM-CPT)
study is currently underway and intended to demonstrate
the capability of this teleprogramming system to:

e Safely interrogate and program neuromodulation
devices used for chronic pain

e Effectively address patients’ clinical needs by mak-
ing adjustments to treat chronic pain without the need
for additional in-person sessions

e Provide a rapid solution for patient’s needs by com-
paring time to usage of remote care with in-person
appointment wait times

This work is to our knowledge, is the first published
report on SCS and DRG-S remote programming for
chronic pain patients in the US.

Method
Pilot Study Participants

This pilot study was conducted at four sites within the
United States. Eligible patients with access to an iPhone
compatible with the teleprogramming software were
required to sign an informed consent before registering
for the teleprogramming application. A questionnaire was
designed by medical affairs physicians and scientists to
confirm the ability of participating physicians to diagnose
a medical condition in patients without access to clinically
appropriate in-person diagnostic services in addition to the
treatment of chronic pain being completed more quickly
and effectively. Patients were eligible to participate if they:

e Have an implantable, compatible SCS or DRG
device

e Provide consent for the use of the teleprogramming
service
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Figure | System used for remote care. Implanted neuromodulation device connects wirelessly to the iPhone patient controller using Bluetooth. The patient controller
establishes an internet connection to the iPad clinician programmer with integrated audio and video. The clinician programmer has an inset video of the patient and access to

the full set of programming controls.

e Are able to use the compatible, patient controller
Apple iPhone

Refer to the ethical section below for consent information.

4 physicians (authors TD, ME, EC and KC) and 16
patients implanted with SCS or DRG neuromodulation
device participated in this pilot study. Data was collected
using a questionnaire that asked 6 clinician-centric ques-
tions and 5 patient-centric questions.

Initiating a Session

An initial, one-time registration for access to the telepro-
gramming platform is required of the clinician and patient.
Before establishing a remote connection, the patient con-
troller must be within the Bluetooth range of the
(IPG) to
a connection and enable programming adjustments to the

Implantable Pulse Generator maintain
neurostimulator. The patient starts a video session using an
internet connection. This generates a public key infrastruc-

ture (PKI) code which secures the session and enables the

clinician to remotely connect to the patient’s implantable
generator. A security token is generated for each session
granting the clinician access to perform therapy adjust-
ments such as changing the frequency, pulse width, ampli-
tude,
(Figure 1). Sessions are initiated by patients as needed to

and impedance during a therapeutic session
address a therapeutic need. A session may be diagnostic
(routine device check), simple programming (changes in
1-3 parameters), or a complex session (changes in more
than 3 parameters). Table 1 summarizes the different types
of remote sessions and applicable CPT reimbursement
codes.

After each remote session, the patient and clinician were
given an internally, designed questionnaire to complete.
Clinician satisfaction with the teleprogramming platform
was assessed using 6 criteria: (1) the ability to establish an
audio-visual connection, (2) achieving the clinical goals of
a programming session, (3) ability to complete a session, (4)
reduction in the need for an in-person follow-up after

a remote session, (5) providing rapid treatment resolution,

Table | Public Health Emergency (PHE) Code and Descriptors for Programming Sessions

CPT Therapy | Short Descriptor Work Facility | Non- Status
Code Area RVU Facility
95970 SCS/DRG/ | Analysis without 0.35 $19 $20 Temporary addition for the PHE for the COVID-19
DBS programming Pandemic. Added 10/14/20
95971 SCS/DRG | Analysis with simple 0.78 $40 $50
programming
95972 SCS/DRG Analysis with complex 0.80 $42 $58
programming

Abbreviations: CPT, current procedural terminology; SCS, spinal cord stimulation; DRG, dorsal root ganglion; DBS, deep brain stimulation; RVU; relative value unit.
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and (6) preference for a remote vs an in-person session.
Similarly, patient satisfaction was assessed using 5 criteria:
satisfaction, preference, recommendation, resources saved,
and the ability to complete a session.

Results
Teleprogramming Provides Real-Time,
Safe Programming That Equals an

in-Person Session

All clinicians (4/4) who participated in the pilot study
reported that they were able to establish an audio-video
connection with all 16 subjects that participated and could
provide the same service as an in-person session. Of the 16
established sessions, 8 sessions consisted of complex pro-
gramming (3 or more parameters adjusted), 5 sessions
were simple programming sessions (1-3 parameters
adjusted), while the other 3 sessions were simple device
interrogation (diagnostic check) without programming
(Figure 2). All 4 clinicians reported that the 16 remote
programming sessions led to rapid control of targeted
chronic pain, and similarly 16/16 (100%) of patients
reported a quick resolution. All 16 patients required one
session each to achieve the purpose of each session:
Diagnostic or programming change. 15/16 (93.8%) of
patients who participated in this study did not require an
in-person follow-up session to resolve their therapy needs
and 1 patient required a follow-up visit for diagnostic
imaging (X-ray) unrelated to using the teleprogramming
session.

Programming Session

= Complex Session
= Simple programming
session

= Device interrogation/
Diagnostic check

Figure 2 Outline of the pilot study programming session. 100% of the participating
physicians established audio-video connectivity and were able to provide a rapid,
beneficial solution to patients’ therapeutic needs. 8 complex programming sessions,
5 simple programming sessions and 3 diagnostic checks were conducted during the
pilot study.

Patientand Physician Satisfaction Rate
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Figure 3 Physician and patients’ satisfaction rate. 100% of physicians and 93.8% of
patients would recommend the teleprogramming platform.

Clinicians and Patients Prefer

Teleprogramming

All involved clinicians preferred remote programming to
in-person sessions for future patient device checks, simple
programming adjustments, or complex programming
needs (Figure 3). 12/16 (75.0%) of patients reported
being able to get a remote appointment quickly, in com-
parison to scheduling an in-person appointment. 15/16
(93.8%) of patients favored teleprogramming over in-
person sessions for future programming adjustments
(Figure 3). 6/16 (37.5%) of patients stated before the
availability of remote programming they had to commute
30mins-1 hour for an in-person appointment, 6/16 (37.5%)
commute (1-2 hours), and 4/16 (25.0%) had extensive
travel time (more than 2 hours). 6/16 (37.5%) had to
arrange commute rides, travel with caregivers, arrange
childcare, and/or arrange a hotel. Finally, 3/16 (18.75%)
reported having to take time off work for an in-person
visit.

Discussion

Neuromodulation therapies like SCS and DRG are being
used to treat a host of chronic pain conditions. While
telemedicine has been used pre-pandemic, the COVID-19
pandemic primarily altered healthcare delivery by increas-
ing the demand for telehealth. With COVID-19, there was
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a need to create applications that can enable clinicians to
provide safe, uninterrupted access to patient care. Follow-
up sessions also increase the financial burden of care and
the burden of travel on patients who are experiencing
increases in their symptoms. A previous internal survey
for the test drive of the service showed that 74% of
chronic pain therapy patients would prefer to have device
adjustments without having to visit the clinic.
Additionally, 48% of SCS/DRG chronic pain patients
rely on a caretaker, friend, or family member to drive
them to their appointments. Mendez et al*’ studied the
use of a remote-presence robot which required the pre-
sence of a healthcare provider for chronic pain program-

12 studied remote

ming. A few years later, Han et a
programming on SCS patients in China with data indicat-
ing a preference for remote care.

Teleprogramming allows clinicians to make therapeutic
program adjustments, optimizing patient care in real-time
from different geographical locations. Clinicians maintain
full functionality as an in-person session and can adjust
patients’ parameters like amplitude, polarity, pulse width,
frequency, and add or remove programs to deliver opti-
mum care.

Data from this pilot study shows that all clinicians
were able to establish an audio-visual connection and
completed either a device interrogation, a simple program-
ming session, or a complex programming session with the
same efficiency as an in-person session. All surveyed
clinicians preferred the remote option to an in-person ses-
sion (Figure 3) and only 1 patient required an un-related
follow-up visit suggesting that the remote option achieves
the same purpose as an in-person session without increas-
ing the need for additional follow-up. To mitigate bias,
surveyed clinicians had no input in survey design.

Of the 16 patients surveyed for this pilot study, 15/16
(93.8%) preferred the remote option and were satisfied
with the service (Figure 3), 1 patient showed no preference
for an in-person vs a remote option. Most patients favored
remote sessions because it was easier and faster to sche-
dule an appointment hence providing a rapid and clinically
beneficial solution for patients. Patients did not report any
adverse effect from having IPG programmed virtually.
Finally, all patients reported one or more of the following:
saving time off work, saving extensive time (1-2 hours)
required to commute to the appointment, not having to
schedule caregivers, rides, and/or childcare, reducing the
financial cost required to travel and travel accommodation
where necessary.

The use of NeuroSphere™ was approved for tempor-
ary reimbursement codes (10/14/2020) under the Public
Health Emergency (Table 1- CPT codes). CPT 95970 is
reimbursed when a physician or other performs electronic
analysis of a variety of parameters of a previously
implanted neurostimulator pulse generator/transmitter to
ensure functionality without reprogramming the device.
In contrast, CPT codes 95971 and 95972 supports reim-
bursement for the electronic programming of an implanted
neurostimulator pulse generator/transmitter (eg, changes in
amplitude, pulse width, frequency [Hz], on/off cycling,
burst, patient selectable parameters, responsive neurosti-
mulation, detection algorithms, closed loop parameters,
and passive parameters) by a physician or other qualified
health care professional. CPT 95971 supports changing 1—
3 parameters listed above and CPT 95972 supports
changes in 3 or more parameters.

Conclusion

Teleprogramming connects a clinician and patient using
a secure in-app video chat making it quicker for a clinician
to optimize therapy with minimal disruption to the
patient’s life. Teleprogramming also provides real-time
programming capabilities and optimizes patients’ therapy.
In summary, data from this pilot study shows that
a teleprogramming option affords clinicians the ability to
provide quick patient care, does not increase the need for
additional follow-up, and in turn, reduces the burden of
care placed on the patients while providing them clinical
benefits. The ROAM-CPT study currently underway sam-
ples a larger population to ascertain clinical benefits from
this pilot study.

Ethics Statement

The teleprogramming platform is already approved by the
FDA. Data was collected using a questionnaire to access
the safety and ability of the platform to provide quick
patient care. By provision of consent, patient acknowl-
edges that the use of the teleprogramming application is
subject to a privacy notice and to the processing and
transfer of personal information, including health-related
information. Consent is granted at free will.

Patient Personal Information is collected for the fol-
lowing purposes: 1) to create Patient accounts, 2) to con-
nect Patients and Clinicians and their associated Virtual
Clinic Programmer and Controller Apps, 3) to allow
Clinicians to contact Patients, 4) to allow teleprogramming
representatives to contact Patients for support purposes,
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and 5) to allow Patients to access and use the platform to
receive treatment.

Patient Personal Information collected and stored by
the NeuroSphere™ includes:

e Personal data: first name, last name, email address,
primary phone number, Clinician name

e Implantable Pulse Generator (IPG) model number,
IPG Serial Number and manufacture date, whether
the Patient Controller device is management com-
pany, serial number of managed mobile device, map-
ping of Patient device to Clinician account

e The patient’s therapy type

e Information relating to the Patient’s neurotherapy
programs, program settings, IPG usage history, IP
address and country.

Patients personal information is used to:

e Contact Clinical users about Virtual Clinic

e Learn about Virtual Clinic users and markets

e Assess and improve Virtual Clinic App performance

e Provide technical support and troubleshooting for the
Virtual Clinic Apps

e Track and improve performance of Virtual Clinic
Apps

e Develop internal organization reports for Virtual Clinic
promotion, research, and Web portal and App content.

This survey did not require IRB consent according to CFR
45, PART 46—PROTECTION OF HUMAN SUBJECTS
which states FDA requirement for exempt as “Research
that only includes interactions involving educational tests
(cognitive, diagnostic, aptitude, achievement), survey proce-
dures, interview procedures, or observation of public beha-
vior (including visual or auditory recording) if at least one of
the following criteria is met: Any disclosure of the human
subjects’ responses outside the research would not reason-
ably place the subjects at risk of criminal or civil liability or
be damaging to the subjects’ financial standing, employ-
ability, educational advancement, or reputation”.

The teleprogramming platform conforms to the Helsinki
Declaration by accessing the platform for safety, effective-
ness, efficiency, accessibility, and quality of care provided.

Application and Device Status
The Teleprogramming service and patients’ implants are
FDA-approved.

Ethical Approval

This pilot study was exempted from IRB approval due to
removed patient identifiers, in accordance with US fed-
eral guidelines and regulations. Any disclosure of the
human subjects’ responses outside the research would
not reasonably place the subjects at risk of criminal or
civil liability or be damaging to the subjects’ financial
standing, employability, educational advancement, or
reputation. This data was gathered from subjects who
registered and consented for the FDA-approved telepro-
gramming platform. Consent is further defined in the
Ethics declaration.

Disclosure
TRD consults for Axonics, Bioness, Nalu, Abbott,
Spinethera, Flowonix, Saluda, Vertos, Vertiflex, and

Cornerloc, has minor equity in Axonics, Spinethera,
Saluda, Stimgenics, Medtronic, Nalu, Nevro, Vertiflex, and
Vertos, and has conducted funded research for Vertiflex,
Vertos, Abbott, Saluda, and Mainstay. TRD has
a patent pending to Abbott. MFE is a consultant/advisor
for Abbott, Boston Scientific, Flowonix, Nevro, and
OrthoFundamentals. He conducts research with Abbott,
Boston Scientific, Medtronic, and Nevro. EGC receives
consulting fees from Abbott. He also conducts research for
Abbott and Nevro. UO and MEF are employees of Abbott.
The authors report no other conflicts of interest in this work.
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