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Spinal Cord S+mula+on - RCT

SCS	is	a	treatment	for	
• Pain	

•  Neuropathic	(nocicepIve?)	
•  Visceral	pain	

•  Ischaemia	
•  CCLI,	vasospasIc,	cardiac,	mesenteric	

• Other	
•  Cardiac	dysrhythmia,	heart	failure	
•  Spinal	cord	injury,	Persistent	vegetaIve	states	
•  Augment	brain	tumor	chemotherapy	



The Devil is in the Detail
• Equipoise	
• Recruitment	

•  Centre	
•  PaIent	

• PaIent	InformaIon	
•  WriRen	
•  Website	
•  Social	Media	

• RandomisaIon	
• PaIent	EducaIon	and	
Training	in	outcome	
measures	

• Blinding	
•  PaIent,	Clinical	staff,	Research	staff,	
Programmer	

• Programming	
• The	Sham	
• Outcome	measures	



Clinical Equipoise in Neuromodula+on RCTs

	Freedman,	B.	(1987)	'Equipoise	and	the	ethics	of	clinical	research'.	The	New	England	Journal	of	Medicine,	317,	(3):141–145.	

	

	”Principle	of	research:	Genuine	uncertainty	whether	a	treatment	will	be	beneficial”		



Sources and Effects of Expecta+on Bias

•  Subject	expectaIon	comes	from:	
•  Research	staff	expectaIon	
• Words,	printed	and	on-line	informaIon	
•  Other	subjects,	word	of	mouth	

•  ExpectaIon	bias	can:	
•  Bias	studies	to	the	null	
•  Bias	one	treatment	over	another	
•  Be	at	least	as	large	as	the	effect	of	any	pain	treatment	
•  Be	long	lasIng	–	even	indefinite		
(Quessy	and	Rowbotham,	2008)	
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Recruitment and Research Centre

• GCP	Training	
•  Skilled	at	InvesIgator	procedure		
•  Skilled	at	Comparator	procedure	
•  Skilled	at	Usual	Care	
management	
•  Skilled	at	Outcome	measures	

• All	personnel	GCP	trained?	
•  Eg.	Spirit	Trial-	Refractory	Angina	
•  Surgical,	CMM,	alternaIve	SCS	
• Able	to	provide	all	aspects	of	
Usual	Care	
• Not	just	pain,	but	other	disease	
specific	primary	and	secondary	
measures	



Pa+ent Recruitment

•  Equipoise	by	referrer	and	centre	
•  ExpectaIon	Bias	management	
• Care	NOT	dependent	upon	
research	parIcipaIon	
• But	SCS	not	universally	available	
• PaIent	should	be	equipoised	

•  Ideally	referred	for	2nd	opinion	
not	SCS,	nor	for	interesIng	new	
therapy	
•  SCS	should	be	universally	
available	independent	of	trial	
parIcipaIon	
• PaIent	should	be	provided	with	
factual	and	equipoised	
informaIon	and	be	indifferent	
to	treatment	randomisaIon	



Pa+ent Informa+on

• Both	InvesIgator	and	
Comparator	treatment(s)	
explained	
•  Equipoised	informaIon	

•  Both	IntervenIon	AND	
Comparator	

• PIS	but	also	Website	
•  Social	Media	at	the	Ime?	

•  Should	industry	websites	be	
suspended	at	Ime	of	
recruitment?	
• PIS	examined	by	third	party?	
• Can	you	control	social	media?	



SENZA™ Study Pa+ent Recruitment Brochure

"The	Senza	system	is	designed	to	treat	chronic	pain	in	the	trunk	
or	limbs	without	the	need	for	a	buzzing	sensaIon”	



Nevro’s US Website at Time of Pa+ent Recruitment 
 Sec+on Title: “SCS Limita+ons”

“[ConvenIonal	SCS]	provides	
considerably	less	relief	for	
chronic	back	pain	for	most	
paIents.”	



Nevro’s US Website at Time of Pa+ent Recruitment 
 Sec+on Title: “SCS Limita+ons”

Paresthesia:	
“In	fact,	71%	of	paIents	reported	
uncomfortable	sImulaIon	in	a	
large	survey.”	



Nevro’s US Website at Time of Pa+ent Recruitment 
 Sec+on Title: “SCS Limita+ons”

PROCESS	Study	Results:	
	
Poor	back	pain	relief	



Nevro’s US Website at Time of Pa+ent Recruitment 
 Sec+on Title: “The Challenge”

“Although	SCS	provides	
meaningful	relief	for	leg	pain,	
back	pain	relief	is	sIll	a	challenge	
for	most	SCS	paIents.”	



Nevro’s US Website at Time of Pa+ent Recruitment 
 Sec+on Title: “The Solu+on”

“The	goal	is	to	provide	superior	
efficacy	without	the	
uncomfortable	sImulaIon	
commonly	experienced	with	
convenIonal	SCS	therapy.”	



Nevro’s US Website at Time of Pa+ent Recruitment 
 Sec+on Title: “The Nevro Advantage”

“Only	the	Nevro	System	delivers	
the	unique	waveforms	designed	
to	offer	compelling	back	pain	
relief	and	avoid	the	side	effects	
commonly	associated	with	
convenIonal	SCS.”	



North	et	al	2005	

	
“The	study	was	presented	to	candidates	as	a	comparison	of	two	
standard,	non-experimental	procedures,	SCS	and	reoperaIon,	to	
determine	whether	SCS	should	be	offered	as	an	FBSS	treatment	
before	or	aper	exhausIng	all	reoperaIon	treatment	opIons”	

	

Clinical	Equipoise	



Extract	from	Pa>ent	Informa>on	Sheet	

§  Why	is	this	study	being	done?	
§  Standard	SCS	uses	sImulaIon	frequencies	between	40	and	100	Hz.		In	
recent	years	a	SCS	device	capable	of	giving	frequencies	of	sImulaIon	as	
high	as	10	KHz	has	been	used	with	claims	of	improved	back	pain	relief	and	
without	the	paIent	being	aware	of	the	sImulaIon.	However	the	science	
to	support	this	claim	is	not	adequate.		Furthermore	it	is	not	known	if	such	
high	frequencies	are	required	to	achieve	the	pain	relief.		

PROCO	equipoise		



Expecta+on: Considera+ons for Guidelines

• Document	efforts	to	balance	researcher	and	subject	expectaIon	
between	groups	
• Measure	expectaIon	of	benefit	at	baseline	and	endpoint	for	
researchers	and	subjects	
• Make	all	materials	available	

•  PaIent	InformaIon	sheets	
• Website	informaIon	

18	



Randomisa+on

• Robust	transparent	
randomizaIon	methodology	
• Recruit	–	randomizaIon	
equipoise	

• Reports	of	recruit	distress	aper	
randomizaIon	–	Senza	trial	
• Consider	measures	to	record	
randomisaIon	saIsfacIon	



Research Pa+ent educa+on and training

•  Educate	paIents	in	intervenIon	
AND	Comparator	therapies	
•  Educate	paIents	in	outcome	
measures	
•  Educate	paIent	in	blinding	
procedures	

•  SCS	is	complex	but	usual	care	
•  Therapies	and	outcomes	within	
the	RCT	are	complex	(compared	
to	pharmacological	therapies)	
•  Learning	burden	for	paIents	
• Physical	burden	

•  eg.	electronic	watch	strap	for	pain	
scoring	



Blinding

• Most	RCT	in	SCS	have	no	
blinding	
•  Single	Blind	
• Double	Blind	

• Not	only	do	they	know	what	
treatment	but	also	its	effects!	
• Unblinded	and	Blinded	

•  Clinical	and	Research	teams	

• Maintaining	blinding	discipline	



Outcome	Measure	Collec>on	
Blinding	of	outcome	measure	collectors	

results for some patients may be due to limitations of the selective
targeting capabilities of SCS, unpleasant paresthesia, or from
different mechanisms of action.

Lack of precision with SCS is attributed to shunting of energy
by the cerebral spinal fluid, positional variations in stimulation,
segmentation of spinal sensory input, and lead migrations
postimplantation.18 In some cases, these challenges can be
addressed with improved surgical techniques and device pro-
gramming, but pain related to CRPS and causalgia remains
difficult to treat; many SCS patients do not achieve high-level pain
relief, despite efforts to improve techniques and programming.14

The dorsal root ganglion (DRG) plays a key role in the
development and maintenance of neuropathic pain.13 The
DRG, located between every spinal nerve and the spinal cord
on the posterior root, houses the somas of the primary sensory
neurons. These somas process and transmit sensory information
from the periphery to the central nervous system. Animal models
of chronic pain have shown that pathophysiologic changes occur
in the DRG, including altered electrophysiological membrane
properties, altered expression of integral membrane proteins, and
altered expression of various genes that contribute to the
hyperexcitability of neurons.15 The combination of the DRG’s
sensory function and accessibility through familiar epidural
approaches make it an ideal target for neurostimulation. Pain
therapies targeting the DRG included radiofrequency frequency
ablation, steroid injections, and ganglionectomy.8

Initial evidence with 8 CRPS patients suggested that DRG
stimulationmaybesuccessful in a larger proportion of subjects than
SCS (71% vs 50%).28 Thus, the ACCURATE study, a randomized,
controlled, multicenter trial, evaluated DRG stimulation compared
to SCS stimulation for the treatment of chronic, intractable pain of
the lower limbs attributed to CRPS or causalgia.

2. Methods

Under an Investigational Device Exemption, the ACCURATE
study was designed as a prospective, randomized, controlled,
multicenter study to evaluate the safety and efficacy of the DRG
stimulation compared to traditional SCS for subjects with CRPS
or causalgia (ClinicalTrials.gov: NCT01923285). The study was
conducted in 22 US sites. Prior to any study initiation, all sites
obtained approval from the institutional review board, and
subjects were enrolled only after informed consent was obtained.

2.1. Patient selection

Subjects who had chronic, intractable neuropathic pain of the
lower limbs associated with a diagnosis of CRPS or causalgia were
screened and determined to be eligible according to the inclusion
or exclusion criteria of the study (Table 1). Patientswere diagnosed
with CRPS type 1 based on the Budapest criteria.12 Causalgia was
defined as a painful condition arising from damage to a nerve
resulting in chronic pain, generally restricted to the innervation
pattern of the damaged nerve or nerves, which may or may not
have secondary symptoms.25 The diagnosis, in every case, was
confirmed by an experienced medical monitor (N.M.) for strict
adherence to these diagnostic criteria. Briefly, eligible subjects
were naive to stimulation, had chronic, intractable pain for at least
6months, tried and failed at least 2 prior pharmacologic treatments
from 2 different drug classes, had stable neurologic function
30 days prior to screening, and were free from psychological
pathology that contraindicated an implantable device. Subjects
with changing or escalating pain condition or unstable use of pain
medication 30 days prior to enrollment were not considered eligible

to participate in the study. All subjects’medical, psychological, and
imaging records were evaluated by an independent medical
monitor to ensure appropriate patient selection.

2.2. Study design

After signing informed consent, subjects underwent a baseline
evaluation to determine enrollment eligibility. After enrollment,
subjects were randomized to either DRG stimulation (DRG
group) or traditional SCS (SCS group) in a 1:1 ratio. Random-
ization was based on random, permuted blocks and stratified by
study center. The study’s centralized electronic data collection
system provided the subjects’ randomized group assignments
after subjects were enrolled. Subjects, investigators, and study
site staff were not blinded to subjects’ assigned therapy.
Subjects proceeded to a temporary trial stimulation phase
(ranging from 3 to 30 days based on each site’s standard of
care), using the device type stipulated by their randomization.
The average trial stimulation phase in the DRG group was 5.8
(SD 2.8) days and 5.8 (SD 5.1) days for the SCS group (P 5
0.206, Wilcoxon test).

Successful trial stimulation was determined by the subject
achieving at least a 50% lower limb pain relief during the trial
phase and expressing a desire to go on to a permanent implant.
Subjects who were successful during the trial phase were eligible
to continue on to permanent implantation. Subjects who failed
the trial stimulation phase were exited from the study. However,
data from the trial failures were included as treatment failures for
the composite treatment success end point at 3 months and at
subsequent time points through 12 months. Subjects in both
arms, who achieved a successful outcome during the trial phase,
were implanted with a permanent device and were followed for
12months, with follow-ups at 3, 6, 9, and 12months postimplant.
Subjects were not allowed to change the maximum daily dose of
their prescribed chronic lower limb pain medications from
baseline to the 3-month follow-up visit at which time the primary
and secondary end points were ascertained. Postoperative
reprogramming to optimize therapy was allowed for both groups
at any time during the study, per standard of care for neuro-
modulation devices. Programming occurred by respective
companies (Medtronic and Spinal Modulation) under the guid-
ance of appropriate clinical and technical industry personnel.

2.3. Description of devices and implant procedures

Dorsal root ganglion stimulation was delivered by the AXIUM
Neurostimulator System (Spinal Modulation; LLC, Menlo Park,
CA, a wholly owned subsidiary of St Jude Medical), which was
recently approved by the US Food and Drug Administration for
spinal column stimulation via epidural and intraspinal lead access
to the DRG as an aid in the management of moderate to severe
chronic intractable pain of the lower limbs in adult patients with
CRPS type I and causalgia. The system is composed of
percutaneous leads designed to stimulate the DRG, an external
trial pulse generator, and an implantable pulse generator.

Traditional SCS was delivered with a commercially available
system (RestoreUltra and RestoreSensor; Medtronic, Minneapolis,
MN) indicated for a number of chronic pain conditions including
CRPS I and causalgia. Both devices were programmed by
separate technicians for each arm such that the programming
was performed by experienced personnel for the specific device
to achieve optimal analgesia. See Table 2 for a summary of
programming parameters used during the study for both devices.
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Comparison of HF10 Therapy with Traditional SCS

There is a substantial clinical need for improved treat-
ments for chronic pain. More than 1.5 billion people world-
wide experience chronic pain,4,5 with low back pain being 
the most frequent pain condition affecting 23 to 26% of 
the population.6–8 Chronic pain impacts most aspects of a 
person’s life, including emotional distress and/or psychoso-
cial impairment.8 Unfortunately, currently available treat-
ments have limited effectiveness for most people with severe 
chronic pain.9 Opioid analgesics are frequently prescribed 
despite the lack of clinical evidence supporting their long-
term use to treat chronic pain.10,11

Spinal cord stimulation is approved to treat chronic 
intractable pain of the trunk and limbs. SCS delivers elec-
trical pulses via spinal epidural electrode arrays (leads) at 
vertebral levels associated with perceived pain. Traditional 
SCS devices are capable of delivering pulse frequencies in 
the range 2 to 1,200 Hz, with typical application of approxi-
mately 40 to 60 Hz. The objective of these relatively low-
frequency SCS devices is to produce paresthesias (a tingling 
sensation) that overlap the pain distribution, with the intent 
of masking pain perception. Intraoperative paresthesia map-
ping is thus required, wherein patient feedback is solicited 
while adjusting stimulation location, pulse frequency, pulse 
width, and amplitude. Thus, traditional SCS success depends 
on adequacy and durability of paresthesia coverage as well as 
patient tolerance of the induced sensations.

Evaluating an approach that does not rely on paresthesias 
is novel to SCS and has the potential to improve the treat-
ment of chronic back and leg pain. Over the last 40 yr, the 
primary focus of innovation for SCS for chronic pain has 
been to improve the reliability of overlapping paresthesias 
with distribution of pain. Achieving adequate and stable 
paresthesia coverage in the axial back region specifically is 
known to be challenging, making back pain more difficult 
to treat and limiting application mostly to patients with pre-
dominant leg pain.12–14

HF10 therapy involves application of short-duration (30 
μs), high-frequency (10 kHz), low-amplitude (1 to 5 mA) 
pulses to the spinal epidural space in such a manner as to 
not produce paresthesia, thus obviating the requirement of 
paresthesia mapping. Previous prospective but nonrandom-
ized studies have indicated that HF10 therapy is able to treat 
patients with chronic back pain and that the results are sus-
tained for 2 yr.1,2

As such, a pragmatic study was designed to compare 
HF10 therapy to traditional SCS as widely applied in current 
clinical practice. Specifically, this multicenter, randomized, 
controlled, pivotal trial (the SENZA-RCT study) compared 
the safety and efficacy of HF10 therapy to traditional SCS 
in patients with back and leg pain (ClinicalTrials.gov iden-
tifier: NCT01609972). The Food and Drug Administra-
tion defines a pivotal study as “a definitive study in which 
evidence is gathered to support the safety and effectiveness 
evaluation of the medical device for its intended use”—
Food and Drug Administration Guidance Document: Design 

Considerations for Pivotal Clinical Investigations for Medical 
Devices. The study was powered according to the primary 
objective of demonstrating noninferiority; if noninferior-
ity was demonstrated, superiority could then be assessed 
secondarily.

Materials and Methods

Study Design and Population
This prospective, randomized, controlled trial was designed 
to assess primarily noninferiority and secondarily superi-
ority of HF10 therapy as compared with traditional low- 
frequency SCS in subjects with chronic intractable back and 
leg pain. The study was conducted in compliance with the 
U.S. Code of Federal Regulations and recommendations 
guiding physicians in biomedical research by the 18th World 
Medical Assembly, Helsinki, Finland. The study protocol 
and informed consent forms were approved by each study 
site’s institutional review board (Western Institutional Review 
Board, Puyallup, Washington; Forsyth Medical Center Insti-
tutional Review Board, Winston-Salem, North Carolina).

Consenting patients already under the care of the study 
investigators were assessed for eligibility based on inclusion 
and exclusion criteria and randomized across 10 comprehen-
sive pain treatment centers in the United States. Key inclu-
sion criteria were chronic, intractable pain of the trunk and/
or limbs, refractory to conservative therapy for a minimum 
of 3 months (previous conservative treatments included 
pain medications, physical therapy, spinal injections, phar-
macological, and behavioral treatment); average back pain 
intensity of 5 or greater out of 10 cm on the visual analog 
scale (VAS); average leg pain intensity of 5 or greater out of 
10 cm on the VAS; an Oswestry Disability Index (ODI) ver-
sion 2.1a score of 41 to 80 out of 10015; and an appropriate 
candidate for the surgical procedures required in this study. 
Key exclusion criteria were active disruptive psychological 
or psychiatric disorder or other known condition signifi-
cant enough to impact perception of pain, inability to com-
ply with the intervention or evaluate treatment outcomes, 
mechanical spine instability based on flexion/extension films 
of lumbar spine, or prior experience with SCS.

Randomization and Masking
After completion of the baseline assessments, subjects were 
randomized in a 1:1 ratio to receive stimulation with an inves-
tigational HF10 therapy system (Senza® System; Nevro Corp., 
USA) or a commercially available SCS system (Precision Plus 
System; Boston Scientific, USA). Both SCS systems consisted 
of two 8-contact leads and a rechargeable implantable pulse 
generator (IPG). Randomization was stratified by gender and 
primary area of pain (either back or leg) and administered cen-
trally with each study site assigned randomly chosen alternat-
ing blocks of sizes 2, 4, and 6 with frequencies 0.25, 0.50, 
and 0.25, respectively. Due to practical considerations (see 
Limitations section), study subjects and investigators were not 
masked to the assigned treatment group.

Keywords: Spinal cord stimulation; Neurostimulation; Neuropathic pain; Failed back surgery syndrome; Radicular pain; Randomised controlled
study

1. Introduction

Neuropathic pain, caused by a primary lesion or dys-
function of the nervous system (Merskey and Bogduk,
1994), has a reported prevalence in a general or primary
care population of 1.5–8% (Bennett, 1998; Hall et al.,
2006; Torrance et al., 2006), however, neuropathic pain
is often under-diagnosed and under-treated (Taylor,
2006). Compared with nociceptive pain, neuropathic
pain is more severe, more likely to be chronic, and less
responsive to the administration of analgesic drugs
and other conventional medical management (Dworkin
et al., 2003; Finnerup et al., 2005). The burden of dis-
ability associated with neuropathic pain is substantial,
as is the cost of treatment. For example, health-related
quality of life in patients with neuropathic pain is com-
parable to that experienced by those with conditions
such as cancer or chronic heart failure (Meyer-Rosberg
et al., 2001), and an analysis of a large United States
insurance database revealed that the healthcare costs
of patients with neuropathic pain were threefold those
of age- and sex-matched claimants without neuropathic
pain (Berger et al., 2004).

The most common location of chronic neuropathic
pain is the back and legs (Dworkin et al., 2003), and
10–40% of patients who have undergone lumbosacral
spine surgery to alleviate neuropathic radicular pain
instead experience persistent or recurrent pain (Wilkin-
son, 1991; North et al., 1993). In carefully chosen
patients with this condition, which is often referred to
as ‘‘failed back surgery syndrome’’ (FBSS), spinal cord
stimulation (SCS) has been shown to provide effective
pain relief (Turner et al., 2004; Taylor et al., 2005;
Kumar et al., 2006). A randomised controlled trial by
North et al. demonstrated that compared with re-opera-
tion, SCS provides effective pain relief for at least 3 years
(North et al., 2005). However, non-surgical medical
therapy (which can include a spectrum of rehabilitative
and drug therapies) is the treatment of choice for the
management of such patients (Attal et al., 2006). The
relative effectiveness of SCS compared with such con-
ventional non-surgical neuropathic pain management
has not been assessed in a randomised controlled trial
setting. The PROCESS study is a prospective, random-
ised, controlled, multicentre trial designed to test the
hypothesis that SCS in addition to conventional medical
management (CMM) is more effective in FBSS patients
than CMM alone (Kumar et al., 2005). We report here
efficacy findings at 6-months follow up (the primary
analysis point of the trial) and complications and
adverse events at 12 months.

2. Methods

The Prospective Randomised Controlled Multicentre Trial
of the Effectiveness of Spinal Cord Stimulation (PROCESS,
ISRCTN 77527324) recruited 100 patients in a total of 12 cen-
tres in Europe, Canada, Australia, and Israel between April
2003 and June 2005. The Institutional Review Board or Ethics
Committee at each site approved the protocol. All patients
gave informed consent before commencement of treatment.

2.1. Patients

Eligible patients were at least 18 years of age. They suffered
from neuropathic pain of radicular origin (radiating in derma-
tomal segments L4 and/or L5 and/or S1) predominantly in the
legs (exceeding back pain), of an intensity of at least 50 mm on
a visual analogue scale (VAS: 0 equalling no pain, to 100 mm
representing the worst possible pain) for at least 6 months after
a minimum of one anatomically successful surgery for a herni-
ated disc. Thus all patients had a documented history of nerve
injury, i.e. root compression by herniated disc, competent to
explain the complaint of radiating pain. In addition the neuro-
pathic nature of pain was checked as per routine practice at the
centre (i.e. by clinical investigation of pain distribution, exam-
ination of sensory/motor/reflex change, with supporting tests
such as X-ray, MRI and EMG). Some of the eligible patients
had undergone additional procedures, namely repeat lumbar
disc operations, laminectomies with or without foraminoto-
mies or spinal fusion.

Patients were excluded if they had another clinically signif-
icant or disabling chronic pain condition; an expected inability
to receive or operate the SCS system; a history of a coagulation
disorder, lupus erythematosus, diabetic neuropathy, rheuma-
toid arthritis, or ankylosing spondylitis; evidence of an active
psychiatric disorder, another condition known to affect the
perception of pain, or inability to evaluate treatment outcome
as determined by the principal investigator; life expectancy of
less than 1 year; or an existing or planned pregnancy.

2.2. Procedure

Eligible patients were randomly assigned in a 1:1 ratio to
conventional medical management with SCS (SCS group) or
without SCS (CMM group). A biostatistician prepared ran-
dom computer-generated blocks (random sequence of either
2 or 4 patients) on a per site basis. The randomisation was elec-
tronically locked and could only be accessed after a patient
entered the trial. Given the nature of the intervention, it was
impossible to blind patients and difficult to blind investigators
during the trial.

All patients assigned to the SCS group underwent a screen-
ing trial. Those experiencing at least 80% overlap of their pain
with stimulation-induced paresthesia and at least 50% leg pain
relief received an implantable neurostimulation system (Syn-
ergy! system, Medtronic, Inc., Minneapolis, MN). Details
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SCS for CLBP - EAN Recommenda+on

Interven>on	 Comparator	 GRADE	quality	of	
evidence	

GRADE	recommenda>on	

Post	surgical	chronic	
leg	and	back	pain	

SCS	(+	CMM)	 CMM	alone	 ++,	low	 Weak	recommendaIon	for	
using	intervenIon	



Blinding SCS

•  Few	studies	are	double	blind	
•  PROCO	RCT	–	Thomson	et	al	2018	
•  Alkaisy	et	al	2018	–	37.5%	paIents	felt	1kHz	parasthesia	

• But	
•  They	could	be	single	blind	

•  Blinded	data	collector	
•  De	Andres	et	al.,	ConvenIonal	vs.	High	frequency	SCS.	Pain	Medicine	2017	
	

• Could	have	scripted,	monitored	and	documented	interacIon	with	
programmer	



Device	Programming	in	Neurmodula>on	RCT	
A	Pragma@c	Approach?	

results for some patients may be due to limitations of the selective
targeting capabilities of SCS, unpleasant paresthesia, or from
different mechanisms of action.

Lack of precision with SCS is attributed to shunting of energy
by the cerebral spinal fluid, positional variations in stimulation,
segmentation of spinal sensory input, and lead migrations
postimplantation.18 In some cases, these challenges can be
addressed with improved surgical techniques and device pro-
gramming, but pain related to CRPS and causalgia remains
difficult to treat; many SCS patients do not achieve high-level pain
relief, despite efforts to improve techniques and programming.14

The dorsal root ganglion (DRG) plays a key role in the
development and maintenance of neuropathic pain.13 The
DRG, located between every spinal nerve and the spinal cord
on the posterior root, houses the somas of the primary sensory
neurons. These somas process and transmit sensory information
from the periphery to the central nervous system. Animal models
of chronic pain have shown that pathophysiologic changes occur
in the DRG, including altered electrophysiological membrane
properties, altered expression of integral membrane proteins, and
altered expression of various genes that contribute to the
hyperexcitability of neurons.15 The combination of the DRG’s
sensory function and accessibility through familiar epidural
approaches make it an ideal target for neurostimulation. Pain
therapies targeting the DRG included radiofrequency frequency
ablation, steroid injections, and ganglionectomy.8

Initial evidence with 8 CRPS patients suggested that DRG
stimulationmaybesuccessful in a larger proportion of subjects than
SCS (71% vs 50%).28 Thus, the ACCURATE study, a randomized,
controlled, multicenter trial, evaluated DRG stimulation compared
to SCS stimulation for the treatment of chronic, intractable pain of
the lower limbs attributed to CRPS or causalgia.

2. Methods

Under an Investigational Device Exemption, the ACCURATE
study was designed as a prospective, randomized, controlled,
multicenter study to evaluate the safety and efficacy of the DRG
stimulation compared to traditional SCS for subjects with CRPS
or causalgia (ClinicalTrials.gov: NCT01923285). The study was
conducted in 22 US sites. Prior to any study initiation, all sites
obtained approval from the institutional review board, and
subjects were enrolled only after informed consent was obtained.

2.1. Patient selection

Subjects who had chronic, intractable neuropathic pain of the
lower limbs associated with a diagnosis of CRPS or causalgia were
screened and determined to be eligible according to the inclusion
or exclusion criteria of the study (Table 1). Patientswere diagnosed
with CRPS type 1 based on the Budapest criteria.12 Causalgia was
defined as a painful condition arising from damage to a nerve
resulting in chronic pain, generally restricted to the innervation
pattern of the damaged nerve or nerves, which may or may not
have secondary symptoms.25 The diagnosis, in every case, was
confirmed by an experienced medical monitor (N.M.) for strict
adherence to these diagnostic criteria. Briefly, eligible subjects
were naive to stimulation, had chronic, intractable pain for at least
6months, tried and failed at least 2 prior pharmacologic treatments
from 2 different drug classes, had stable neurologic function
30 days prior to screening, and were free from psychological
pathology that contraindicated an implantable device. Subjects
with changing or escalating pain condition or unstable use of pain
medication 30 days prior to enrollment were not considered eligible

to participate in the study. All subjects’medical, psychological, and
imaging records were evaluated by an independent medical
monitor to ensure appropriate patient selection.

2.2. Study design

After signing informed consent, subjects underwent a baseline
evaluation to determine enrollment eligibility. After enrollment,
subjects were randomized to either DRG stimulation (DRG
group) or traditional SCS (SCS group) in a 1:1 ratio. Random-
ization was based on random, permuted blocks and stratified by
study center. The study’s centralized electronic data collection
system provided the subjects’ randomized group assignments
after subjects were enrolled. Subjects, investigators, and study
site staff were not blinded to subjects’ assigned therapy.
Subjects proceeded to a temporary trial stimulation phase
(ranging from 3 to 30 days based on each site’s standard of
care), using the device type stipulated by their randomization.
The average trial stimulation phase in the DRG group was 5.8
(SD 2.8) days and 5.8 (SD 5.1) days for the SCS group (P 5
0.206, Wilcoxon test).

Successful trial stimulation was determined by the subject
achieving at least a 50% lower limb pain relief during the trial
phase and expressing a desire to go on to a permanent implant.
Subjects who were successful during the trial phase were eligible
to continue on to permanent implantation. Subjects who failed
the trial stimulation phase were exited from the study. However,
data from the trial failures were included as treatment failures for
the composite treatment success end point at 3 months and at
subsequent time points through 12 months. Subjects in both
arms, who achieved a successful outcome during the trial phase,
were implanted with a permanent device and were followed for
12months, with follow-ups at 3, 6, 9, and 12months postimplant.
Subjects were not allowed to change the maximum daily dose of
their prescribed chronic lower limb pain medications from
baseline to the 3-month follow-up visit at which time the primary
and secondary end points were ascertained. Postoperative
reprogramming to optimize therapy was allowed for both groups
at any time during the study, per standard of care for neuro-
modulation devices. Programming occurred by respective
companies (Medtronic and Spinal Modulation) under the guid-
ance of appropriate clinical and technical industry personnel.

2.3. Description of devices and implant procedures

Dorsal root ganglion stimulation was delivered by the AXIUM
Neurostimulator System (Spinal Modulation; LLC, Menlo Park,
CA, a wholly owned subsidiary of St Jude Medical), which was
recently approved by the US Food and Drug Administration for
spinal column stimulation via epidural and intraspinal lead access
to the DRG as an aid in the management of moderate to severe
chronic intractable pain of the lower limbs in adult patients with
CRPS type I and causalgia. The system is composed of
percutaneous leads designed to stimulate the DRG, an external
trial pulse generator, and an implantable pulse generator.

Traditional SCS was delivered with a commercially available
system (RestoreUltra and RestoreSensor; Medtronic, Minneapolis,
MN) indicated for a number of chronic pain conditions including
CRPS I and causalgia. Both devices were programmed by
separate technicians for each arm such that the programming
was performed by experienced personnel for the specific device
to achieve optimal analgesia. See Table 2 for a summary of
programming parameters used during the study for both devices.
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•  Frequency	of	reprogramming	
•  Dura>on	
•  SeQng		
•  Scripted	programming	in	Placebo	controlled	trials		



Programming

• Dichotomy	
• Clinical	Team	

•  Sub-opImal	programming	

•  Industry	Research	ScienIst	
•  New	device	

• Commercial	Team	
•  Usual	Care	

•  Efforts	to	control	interacIon	
•  Monitoring	by	research	team	
•  ScripIng	

• Programming	sessions	
•  How	long,	How	open	
•  Timing	with	outcome	data	point	



The Sham

• Purpose	of	Sham	
•  Efficacy	
•  Influence	of	non-treatment	effects	
•  Non-inferiority	

•  Both	treatments	work/don’t	work	

• Parasthesia	based	
•  Unilateral	treatment	for	bilateral	
pain	
•  Red	Light	on	box	– Tesfaye	1998	
PDPN	
•  Ultra	Low	dose	SCS	–	Placebo?	

•  Sub-percepIon	programming	
•  Maintain	sub-p	–	Alkaisy	et	al	
2018	–	37.5%	at	1kHz	felt	
parasthesia	
•  BaRery	depleIon/drain	



Outcome Measures

• Depends	upon	indicaIon	
• But	Chronic	Pain	
• What	are	we	treaIng	in	long	term?	
• Pain?	HRQoL?	FuncIon?	MedicaIon	reducIon?		
• Primary	and	Secondary	outcome	measures	
• Choosing	the	Primary	Outcome	
• What	is	the	scienIfic	quesIon?	

•  Regulatory	demands	
•  Clinical	demands	



The Pain Score

• Percentage	Pain	Relief	
• NRSPI	or	VASPI	change	expressed	as	%	change	
•  Single	pain	score	looking	back	over	1	day,	week	

• Worst,	Average	(usual)	or	Best	
•  Night/Day	(PDPN	– Slangen	et	al)	

• Mean	of	pain	scores	in	data	collecIon	window	over	several	Ime	
points	and	days	
•  Paper	Diary	
•  E-Diary	(FBSS	PROCO	–	Thomson	et	al	2018)	

• Management	of	omissions	



Primary Outcome measure
• Compliance	with	paper	diaries	is	only	11%1	
• Many	studies	just	collect	VAS	or	NRS	at	clinic	visit	à	
1	data	point	per	paIent	per	evaluaIon	period	
•  Memory	of	pain	intensity	is	unreliable2	

• PROCO	-	Real-Ime	E-diary	prompted	each	paIent	for	
180	pain	scores	over	the	rate	randomisaIon	phase	
•  Larger	sample	size	à	More	accurate	results3,4	

•  Pain	scores	24/7	on	several	days	of	evaluaIon	period	
•  Eliminates	Observer	Bias	

Validated5,6,7	e-diary	

1:	Stone	et	al.	2013	
2:	Broderick	et	al.	2008	
3:	McCollough	et	al.	1963	
4:Walpole	et	al.	2002	
5:	Stubbs	et	al.	2000	
6:	Whybrow	2006	
7:	Hampton	&	Middleton	2011	

CamNtech	Ltd.	



Single-point VAS scores ≠ Paper diary scores  
≠ Real-+me e-Diary Scores

SENZA	Study	Results	(Primary	Endpoint)		

Source:	SENZA	Summary	of	Safety	&	EffecIveness	Data	(SSED),	p.44		

Δ		=	-	11.6%	



Which pain score 
ra+ng method?
Subject	GIC	=	52.2%	(beRer	or	
great	deal	beRer)	
Despite	78.3%	responder	rate	
–	Single	VAS	
Or	66.7%	responder	rate	–	
Pain	Diary	
	
Which	score	best	describes	
the	outcome?	
	

SENZA	study	-	FDA	SSED	(page	45)	
	



Mean	Diary	VASPI	at	3	
mos.	
•  DRG	=	17.8	
•  SCS	=	23.0	

Single	point	VAS	at	3	mos.	
•  DRG	=	13.1	
•  SCS	=	23.8	
Composite	Responder	rate	
81.2%	versus	55.7%	

VariaIon	in	outcome	
by	pain	scoring	
methodology	

DRG	for	pain	relief	
FDA	SSED	Page	50	to	51	



Varia+on of subject sa+sfac+on appears less 
evident than difference composite responder rates 
derived from Single Point VAS

DRG	for	pain	relief	-	FDA	page	54	SSED	



The FDA SSED: DRG  ACCURATE study – Adverse Events

AE’s	related	to	Implant	Procedure	are	staIsIcally	more	in	DRG	Axium	
group	than	SCS	group	
•  DRG	=	46.1%	
•  SCS	=	26.3%	 P-value	of	0.0177	è	Difference	is	sta>s>cally	significant	



From	the	ACCURATE	study	manuscript	abstract:	
“Device-related	and	serious	adverse	events	were	not	different	between	the	2	groups.”	

Published Manuscript: DRG ACCURATE study – Adverse Events

Lead	/	Breakage DRG SCS
		Through	TNS	Phase 0 0
		INS	to	30	days 0 0
		>30	days	to	3	Months 1 0
		>3	Months	to	6	Months 3 0
		>6	Months	to	12	Months 2 0
		>12	Months 0 0
					Sub-total 6 0

Per	SSED,	DRG	Incidents	Significantly	Higher	vs.	SCS	for:	
•  Lead	Breakage	(6	DRG	vs.	0	SCS)	 •  Lead	Replacement/Revision	(8	vs.	4)	

•  IPG	Replacement/Revision	(5	vs.	1)	
•  Lead	AddiIon	(4	vs.	0)	

From	SSED	Table	19:	

Total:								26														13	



Why Important?

•  Senza	and	Accurate	studies	are	
market	access	studies	for	FDA	
•  Funded	by	sponsor	
•  Non-inferiority	designed	
•  Unblinded	
•  ExpectaIon	bias	
•  Possible	ObservaIon	bias	
•  SSED	provide	a	more	complete	
reporIng	than	published	arIcles	
• MarkeIng	messages	exploit	data	
presentaIon	

“Conclusion:	The	literature	of	
head-to-head	RCTs	is	dominated	
by	the	industry.	Industry-
sponsored	comparaIve	
assessments	systemaIcally	yield	
favorable	results	for	the	
sponsors,	even	more	so	when	
noninferiority	designs	are	
involved.”	



Conclusions

•  Study	execuIon	should	include	transparent	methods	to	reduce	
expectaIon	and	observer	bias	
• Role	of	the	clinical,	research	and	sponsor	teams	must	be	documented	
and	managed	by	Trial	Management	Group	with	Independent	
members	
• Will	a	pain	score	always	be	the	primary	outcome?	
• MulIple	methods	of	pain	scoring	
• Which	one?	


